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Aims and Scope

The journal CellR4 is a multidisciplinary, cross-platform “open source” e-publication in the areas of cell
repair, replacement, regeneration, reprogramming and differentiation. CellR4 also serves as the official
journal of The Cure Alliance (www.thecurealliance.org) and of the Fondazione Cure Alliance Onlus, two
linked non-profit international organizations that include physicians, scientists, patients, patient advoca-
tes, business and philanthropy leaders, with the mission to promote collaborative efforts worldwide, while
addressing and working to resolve impediments and challenges on the path to develop cures for diseases
now afflicting humankind. In this direction, the publication will also serve as a shared communication plat-
form to discuss challenges and opportunities on the path to develop new treatments. Many of these topics
are shared by most translational efforts in the fields of cell therapy and regenerative medicine, indepen-
dently from the specific disease area they are targeting. Therefore CellR4 will also have sections on regu-
latory, legal, and ethical issues, as well as global collaborative platforms and funding opportunities of
interest. CellR4 is grateful to the Editorial Board for their enthusiastic support to this initiative and is loo-
king forward to welcoming your contributions to the journal.

NOTE:Any editorial compensation has been donated to The Cure Alliance and Fondazione Cure Al-
liance Onlus, in support of their strategic mission.
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Welcome to the first issue of CellR4, a multidisci-
plinary, cross-platform “open source” e-publication
in the exponentially growing fields of cell repair, re-
placement, regeneration, reprogramming and dif-
ferentiation. The journal will be published primarily
on-line with a dedicated website and will also serve
as the official journal of The Cure Alliance
(www.thecurealliance.org) and Fondazione CureAl-
liance Onlus, two linked non-profit international or-
ganizations that include physicians, scientists,
patients, patient advocates, business and philan-
thropy leaders, with the mission of promoting col-
laborative efforts worldwide, while addressing and
working to resolve impediments and challenges on
the path to develop cures for diseases now afflicting
humankind. In this direction, the publication will
also serve as a shared communication platform to
discuss challenges and opportunities on the path to

the development of new treatments. Many of these
topics are shared by most translational efforts in the
fields of cell therapy and regenerative medicine, in-
dependently from the specific disease area they are
targeting. CellR4 will, thus, also have sections on
regulatory, legal, and ethical issues, as well as global
collaborative platforms and funding opportunities of
interest. I am grateful to the founding editorial board
for their enthusiastic support of this initiative, and I
am looking forward to your contributions to the
journal and to the fields of cell repair, replacement,
regeneration and reprogramming/differentiation.
Any editorial compensation will be entirely donated
to The Cure Alliance and the Fondazione Cure Al-
liance Onlus, in support of their strategic mission to
promote collaborative efforts and resolve challenges
and impediments to the development of clinically
relevant treatment strategies.

Camillo Ricordi
Editor-in-Chief

MESSAGE FROM THE EDITOR IN CHIEF



The Nature Editorial titled “Smoke andMirrors”1 on
the Second International Vatican Adult Stem Cell
meeting was ironically itself a collection of smoke
and mirrors beginning with the lack of a named au-
thor. The editorial focused on an Italian parliamen-
tary decision to allow stem cell treatment for a child
with a devastating and lethal disease that had been
stopped by regulators against the parents and physi-
cians wishes2. In actuality, the Vatican is a State sep-
arate and independent from Italy, and balanced,
compassionate, and realistic regulatory oversight
was not questioned at the Vatican meeting.

The editorial opted for prejudicial phrases such
as: “sick children were paraded”. Instead the meet-
ing was inclusive of concerns from patients. The
author states that the Vatican is “naïve”. A less
sensational description of the Vatican’s position is
altruism. The editorial states that the meeting was
“shamelessly choreographed” “with stem cell
companies and scientists desperate to hawk a mes-
sage”. This denigrates all speakers at the Vatican
conference including a Nobel Laureate as well as
other academic researchers not affiliated with
companies marketing adult stem cells. In contrast,
the World Stem Cell Summit was praised for in-
cluding scientists, doctors, patients, and stem cell
companies3. Perhaps it could be said that the Na-
ture editorial was itself shamelessly choreographed
to hawk a message.

Demagoguery is the antithesis of Science. No
person or institution should have their freedom of

speech or ethical concerns ridiculed or made to fear
collaboration especially from a scientific journal.
On the other hand, there are historical concerns and
lessons why religion, business, science, and State
require transparency, independence, and separation.
Unfortunately, the Nature editorial missed the op-
portunity to discuss these transcendent concepts.

The etymology of the word education has been
partially obscured by the passage of time, but in Por-
tuguese, perhaps the most Latin of the Romance lan-
guages, the word “educado” means polite.
“Educational” editorials that avoid emotional trigger
words and promote détente of the stem cell debate are
in the best interest of patients, science, and humanity.

Conflicts of Interest: All three authors work
with both adult and embryonic stem cells and were
speakers at the Second Vatican Adult Stem Cell
Conference.
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Soon after the Cell Transplant Society (CTS) was for-
med in 1991, with E. Donnall Thomas, Thomas E.
Starzl and Paul E. Lacy serving as Honorary Presi-
dents, we were worned at that time of CTS first con-
gress (1992) about the potential risk of overregulation
by FDAof the emerging field of cellular therapies.

I was told how many of the breakthroughs of the
past century including bone marrow transplantation
and liver transplantation could not have been possible
under the current FDArule and that the fortune of bone
marrow transplantation and liver or organ transplanta-
tion in general, as well as of the patients who have be-
nefited from these prcedures, has been indeed to be
able to remain out of such rule.Arecent article by Scott
Gottlieb, former deputy director of FDA, “How The
FDA Can Cost You Your Life” (Wall Street Journal,
October 3rd 2011) highlights some of these concerns
in the area of devices, but many of the same conside-
rations could apply to cellular therapies. The same day
this article was published, the keynote address byAn-
drew Grove at the World Stem Cell Summit in Pasa-
dena, CA, outlined how the problem started when
Congress allowed FDA to extend their regulatory
oversight to “efficacy” beyond “safety” (1962). If the
only consideration or performance indicator is safety
and risk avoidance without considering other factors,
such as the morbidity and mortality of a disease con-
dition, the resulting course of action could be doing
nothing, or imposing years of additional “efficacy” de-
monstrations for the proposed strategy, in experimen-
talmodel systemswhich could often reveal themselves
irrelevant to the clinical setting in which an actual
human cell product will be eventually used.

I am honored to have been able to serve as chair-
person of the steering committee of the NIH Clinical
Islet Transplant Consortium, which just completed
the first Phase III trial towards registration of the first
metabolically active cell product in the US. I am also
proud to have served on the FDABiologic Modifiers
Committee and I am proud to have directed one of
the first cGMP human cell processing facilities in

the US that was approved by FDA to ship cell pro-
ducts across state barriers and that is now one of 4
cGMPs in the US certified for processing more than
minimally-manipulated human cell products. Ho-
wever, I am also deeply concerned by the cost and
time requirements for any clinical trial to move for-
ward, for many reasons including immediately life
threatening conditions for which an alternative ef-
fective treatment does not exist.

In this editorial I am expressing my personal opi-
nion and not that of NIH or the CIT consortium, but
I believe that dialogue and understanding each other
positions (tolerance if you wish) could be a starting
point towards a much needed “resetting” of the re-
gulatory environment for cellular therapies, to allow
and promote innovative trials while maintaining the
centrality of patient safety. Mandatory reporting and
monitoring/audits by DSMBs will then continue to
assess efficacy and safety. The introduction of “ef-
ficacy” in the definition of compassionate use is ar-
guable as well, because if it would be efficacious
(in addition to safe) shouldn‘t it be allowed beyond
compassionate use? Just a thought ... I am happy
that the debate will continue during the upcoming
congress of The Cell Transplant Society, now 22
years old (http://www.cts2013.org/).

Clinical trials in cellular therapies have wit-
nessed a significant growth in the number of appli-
cations targeted and patients treated, while a series
of impediments and challenges on the path of trans-
lation of cell based therapies have emerged and are
going well beyond patient safety concerns or
risk/benefit considerations. Some regulatory envi-
ronments have been largely unprepared to address
such challenges, often limiting innovation and the
development of new treatments.

An increasing number of scientists, clinician, pa-
tients and patient advocates are expressing concerns
on whether an excess of caution from regulators may
result in unacceptable delays or even completely pre-
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venting the development of selected cell, stem cells
and reprogrammed cells therapies from reaching pa-
tients.
Comments made by John Gurdon after winning

this year’s Nobel Prize in Physiology and Medicine
are clearly pointing to these growing concerns: “I
think patients would be happy to take the risk of
using their own cells given the choice,” Gurdon told
a press conference in London, criticising the US
Food and Drug Administration for placing “im-
mense conditions on approval” (Aldhous, P. and A.
Coghlan, Medicine Nobel: good choice, but will
cures come soon?, in New Scientists. 2012, Reed
Business Information Ltd.).

The costs related to health care delivery are be-
coming unsustainable, while the prevalence of chro-
nic degenerative disease conditions is dramatically
increasing. Paradoxically, also the costs and time
imposed to reach regulatory approval for a new the-
rapeutic strategy, a new molecular entity or cell
based product have dramaticlly increased in recent
decades and now even minimally manipulated, au-
tologous cell products face the possibility to become
regulated as drugs in several countries.

As an opening editorial, I would like to raise
some concerns for the polarizing and highly emo-
tional debate which is now dividing the scientific
community regarding regulatory environment,
translational strategies, compassionate release,
safety vs. efficacy preclinical data that should be re-
quired before allowing pilot clinical testing and re-
imbursement issues, to name a few.

We therefore decided to dedicate a significant
space in the next issues of CellR4 to invited as well
as submitted, unsolicited papers/letters/commen-
taries expressing different points of view both from
the scientific community, ethical, legal experts and
from patients/patient advocacy groups, to discuss in
a constructive and productive way the elements that
could be of assistance to better understanding ex-
isting concerns and help us develop a team effort to
better resolve current impediments and obstacles on
the path to cures, while preserving patient safety and
risk-benefit ratios, which should remain central to
all efforts considered.

Below I outlined selected topics, issues and con-
troversies that have ben raised in recent months, by
different editorials, articles, blogs and meetings.
Since commentaries have been accepted in very se-
lective way by some journals, for reasons that are
not apparent, we believe it is important to offer an
opportunity to voice opposing views and different

opinions, with the objective to provide a construc-
tive forum for confrontation, discussion and resolu-
tion of current strategic differences on the path to
develop novel treatment strategies and on what are
the options to make them available to patients
worldwide in the fastest, most efficient and safest
way possible.

We would like to promote a constructive debate,
where different opinions could be voiced, with a
special emphasis on trying to reach a balanced and
tolerant understanding of the concerns and possible
solutions proposed by opposing positions, trying to
avoid the arrogant and dogmatic statements that oc-
casionally have characterized recent editorials and
opinion papers.

Points and questions to be adressed by submitted
papers/commentaries for the next issues of CellR4
include the following:

• To what extent can the FDA regulate a physi-
cian’s ability to treat a patient with that pa-
tient’s own stem cells? A growing number of
physicians routinely offer treatments involving
Autologous Stem Cells (ASCs) to their patients
which can be performed in their offices. Autolo-
gous adult stem cells, used to treat a variety of
conditions, are harvested from the patient, pro-
cessed, and returned to the same patient. It is no
surprise that moving ASCs from laboratories to
physician offices raises complex questions of
law. At first glance, the idea of the FDA regula-
ting our own cells looks like an outrageous in-
vasion of individual privacy and denial of
personal autonomy. If patients weigh risks and
benefits of medical treatments every day, why
prevent them from doing so with their own cells?
This question is especially compelling where a
patient has few or no effective therapies, and li-
mited or no access to experimental treatments.
That a treatment may be more risky in the hands
of untrained or unskilled doctors is not unique to
autologous adult stem cell therapies; this pro-
blem pervades medical practice. The FDA
should re-examine its HCT/P (Human Cell The-
rapy/Products) regulations especially as applied
to physicians treating patients with their own
cells. Extracting a patient’s cells for subsequent
reinjection undoubtedly carries risk – but so does
banking one’s own blood or freezing eggs for
later use. Conditioning the extent of regulation
on the degree of manipulation may make sense
on paper but is vague and confusing in practice,
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especially in the dynamic field of cellular thera-
pies. In an age of relentless cost inflation and li-
mited therapies for debilitating illness, it makes
no sense to deprive patients of autologous thera-
pies because their physician lacks the resources
– and patients lack the time – to satisfy the pre-
marketing requirements that oppress even Merck
and Johnson & Johnson. The FDA is obligated
to protect the public health as well as individual
patients. Critical to this mission is striking the
proper balance of risks and benefits, where the
benefits include facilitating medical innovation.
In the context of adult stem cell regulation, espe-
cially autologous cells, it is time for that risk-be-
nefit balance to be recalibrated. (Adapted
from Mary Ann Chirba, J.D., D.Sc., M.P.H.
and Alice A. Noble, J.D., M.P.H.; http://lawpro-
fessors.typepad.com/healthlawprof_blog/2013/0
6/mary-ann-chirbajd-dsc-mph-and-alice-a-
noble- jd-mph-our-bodies-ourcel ls- fda-
regulation-of-autologous-ad.html#more).

• Should cellular therapies be regulated like
drugs or medicinals and/or when should this
shared regulatory pathway occur? Stem cell
therapies, even autologous ones, should be
regulated, but should those regulations be re-
designed to fit the parties and products being
regulated? It makes no sense for the FDA to in-
sist that a practicing physician who is treating an
individual patient must conform to the same pre-
marketing and manufacturing requirements that
bind large-scale, commercial pharmaceutical
manufacturers that produce drugs in bulk for
mass distribution. Moreover, the agency should
not monopolize risk-benefit calculations to the
exclusion of patients who, with the counsel of
their physicians, want to make their own calls
about using their own cells to treat their own
conditions. Preventing them from doing so is al-
ready leading many patients to assume other and
perhaps greater forms of risk, such as seeking
treatments in foreign clinics that may or may not
be up to the task. Suing an agency is usually an
uphill and often losing battle and it is doubtful
that it could do much to lower regulatory hur-
dles. Some form of regulation is needed, but the
FDA must recognize that its current HCT/P
framework is ill-suited to many kinds of cellular
therapies. It could revamp its HCT/P framework
entirely, but that will take time. In the near term,
the agency should reach beyond existing expert
advisory committees and public comment ses-
sions. It should engage in a true collaboration

with a wider group of physicians and surgeons
who are already using or stand ready to use va-
rious types of autologous adult stem cell thera-
pies, and the patients who have had or want
treatment. It can also look to the guidelines of
relevant organizations, such as theAmericanAs-
sociation of Blood Banks or various physician
organizations. Only then can the FDAget a firm
handle on what kinds of techniques and treat-
ments present tolerable levels of risk when ba-
lanced with the need for innovation and the basic
right of patients to use their own cells. After all,
patients are the ones who must bear the burdens
of illness, not the regulators, judges or attorneys.
(Adapted from Mary Ann Chirba, J.D., D.Sc.,
M.P.H. and Alice A. Noble, J.D., M.P.H.;
http://lawprofessors.typepad.com/healthlaw-
prof_blog/2013/06/mary-ann-chirbajd-dsc-mph-
and-alice-a-noble-jd-mph-our-bodies-ourcells-f
da-regulation-of-autologous-ad.html#more).

• Would the weakening of regulatory standards
for propagated adult stem cell interventions
greatly increase patient risk?While most agree
that changes are definitely needed at the FDA in
some respects related to stem cells such as ex-
panded compassionate use of stem cells for pa-
tients with fatal diseases and a push for more
openness, some argue that the weakening of re-
gulatory standards for propagated adult stem cell
interventions would greatly increase patient risk.
Should the extent of regulation be conditioned
on the degree of manipulation since it is opera-
tionally (not just on paper) extremely important
from a patient safety perspective and it makes
sense that stem cells manipulated in different
ways and to different degrees should be subject
to different regulations? (Adapted from com-
mentary to the above article by Paul Knoepfler,
UC Davis).

• Should smaller companies providing cell/stem
cell products be subject to the same regula-
tions as large multinational companies, or
should the degree of regulation be proportio-
nal to the developmental stage of the cell pro-
duct, the risk/benefit of proposed therapy and
the relative patient size of the clinical trials
considered? Some argue that the law variable
should not depend on the size of the entity that
should be following that law and that just as small
and large drug manufacturers of pill (chemical)
drugs have to follow the same rules to provide
data on safety and efficacy, smaller companies
selling stem cell drug interventions should have
to follow the same rules and laws as big compa-
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nies. The argument is that doing otherwise put the
growing number of patients treated by stem cell
clinics (now in the thousands and growing) at
great risk? On the other hand should it be consi-
dered that if the standards are defined by regula-
tions that only large multinational companies can
afford, this could severily limit innovation and
development of new treatment strategies by smal-
ler entities and academic centers?

• Should all reguatory agencies have time limits
to respond to IND applications or requests for
inspection of cGMPFacilities?There are increa-
sing concerns for special emphasis commissions,
expert groups and/or regulatory agencies that have
no time limits to respond to requests for approval
of an IND or a cell processing facility: a system in
which there are requirements and guidelines, but
no time frame for evaluation and eventual appro-
val of applicants. Inspection and accreditation of
cGMPfacilities can possibly sit for years, with the
facilities ready to operate but unable to do so, for
an open ended delay in regulatory inspections,
while a few individuals in a region may control
what and who can perfom cell therapies in that
geographical area, opening the possibility that spe-
cial interest groups could define criteria, access
and development of novel treatments.

• If a subject has a terminal disease or one for
which there were no approved efficacious
treatments, would it be ethical to receive and
be charged for unproven stem cell treat-
ments?…with the following caveats:
1. It is safe to the best of our knowledge
(http://www.plosone.org/article/info:doi/10.1371
/journal.pone.0047559); 2.The patient and/or
their caretakers understand that this is experi-
mental; 3. The price of treatment includes profit
for the hospital/clinic the doctors and other re-
searchers involved. Would there be a problem
with a full disclosure like that?Why are there re-
searchers who personally profit and otherwise
benefit from ongoing research funding point
their fingers at others when ignoring their own
inherent conflicts?

“Smoke and mirror” is the title of a now famous
(or infamous depending on the point of view) edito-
rial on Nature (Nature 2013 April 18; 496: 269-270
doi: 10.1038/496269b) which was reported to rep-
resent the voice of the international scientific com-
munity position against a decree from the Italian
Parliament, approved after media and patients’ fam-
ilies pressure in favor of the Stamina Foundation
Onlus. The decree is now allowing for a limited time

controlled clinical trials of stem cell therapies within
public hospitals, with a stringent regulatory over-
sight. There will be approximately 100 subjects
treated, affected by genetic or orphan diseases, who
will be allowed to start or continue a compassionate
therapy, at no charge to the patients. The procedures
will be performed with the cell line produced by
Stamina at the Brescia Hospital’s GLP laboratory,
where hospital’s biologists also routinely prepare
bone marrow for transplant into leukemic children.
For those who are not familiar with the saga sur-
rounding the Stamina Foundation trials in Italy, se-
lected arguments raised against Stamina and the
(unedited) responses from Stamina Foundation have
been included at the end of this article (Appendix).
While some scientists and physicians are con-

cerned with the possible abuse of a potentially more
permissive regulatory system, for example by for-
profit entities or private clinics that may push for
open-ended clinical treatments in the absence of a
clear validation of the results and/or analysis or the
efficacy of the proposed strategies, other scientists
and physicians are concerned with the misleading
and arrogant way that some arguments have been
presented to the public. There are concerns that
small group of scientists could selectively filter in-
formation available to the public, by controlling edi-
torial boards or publishing anonimous editorials,
while impeding commentaries of opposing views.
The surprising decision by the Italian Parliament

in a way led the way to a wake up call, when ac-
tually what appeared at a first glance to be the over-
whelming and almost unanimous position of some
very vocal esponents of the scientific community,
was blown away by the public response, including
scientists in the Italian Parliament. In fact, the Ita-
lian Parliament passed virtually unanimousy a de-
cree that was approved at the House with 504 yes
votes and only one no (4 abstensions) and that was
also approved by the Senate with 259 yes votes, 2
no (4 abstensions). The approval of this decree that
offers a limited window of opportunity for cellular
therapies to be tested in some patients clearly made
the public opinion voice heard, but still divides the
scientific community.
While some voices proposed that science was uni-

ted against this decree that was overwhelmingly ap-
proved by the Italian Parliament, opposing
commentaries were blocked from publication, for no
apparent reasons, but generating the misleading ap-
pearance that scientists on one side and politicians and
the general public on the other side, were deeply di-
vided on issues of cellular therapies and how to bet-
ter explore potentially novel therapeutic strategies.
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In the mean time Japan may also be moving to-
wards a dramatic retooling of the country’s drug au-
thorization framework that could produce the
world’s fastest approval process specifically desi-
gned for regenerative medicine. This special track
for cell based therapies will create a novel, separate
approval channel for regenerative medicine where
companies will have to demonstrate efficacy in pilot
studies of as few as ten patients in one study, if the
change is dramatic enough. If efficacy can be “sur-
mised,” the treatment will be approved for marke-
ting. At that stage, the treatment could be approved
for commercial use and for national insurance co-
verage. Following approval, there will be a post-
market surveillance period of five to seven years,
after which the treatment will be evaluated again for
safety and efficacy. Every patient must be entered in
a registry during that period. If the therapies prove
inefficacious or unsafe, approval can be withdrawn.
(http://www.nature.com/nm/journal/v19/n5/full/nm05
13-510.html).

On the other hand, concerns have been also ex-
pressed on ways in which the system could be
abused by some commercial, for-profit interests,
which should not be allowed to have an open ended
opportunity to offer compassionate or unproven
treatments without mandatory reporting and docu-
mentation of the results, without a Data Safety
Monitoring Board or equivalent auditing/monitor-
ing entity. We could indeed work collectively on a
solution that could protect patient safety while al-
lowing innovation and translational efforts to occur,
avoiding any abuse of the system.

We therefore welcome your contributions to fu-
ture issues of CellR4 on these topics as well as any
other relevant scientific contribution, from original
papers, reviews, case reports and letters, to opinion
papers on current challenges and topics of shared
strategic interest, on how to be as efficient as possi-
ble on the path to identify and deliver clinically re-
levant strategies to cure disease conditions now
afflicting humankind.
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APPENDIX

Selected Arguments Against Stamina Stromal Mesenchymal
Stem Cell Trials And Responses (S) From The Stamina Foundation

• MSC suitable for use in compassionate therapy must be produced in a GMP lab or facility. (S) We dis-
agree. The aim of a compassionate therapy should be to promptly treat a patient affected by a very serious dis-
ease, threatening his life or compromising his social life, for which no official or already approved cure is
available. If the cells have to be produced in a GMP facility, the time necessary to develop the GMP methodol-
ogy would be too long to treat such compassionate cases who, in the meantime, would be destined to die or to
compromise their health to a point of no return.

• MSC produced in a GLP lab don’t guarantee to be safe. (S) In our opinion the production in GLP is absolutely
suitable, and the final cell product should be released for clinical use once is properly analyzed to guarantee: (1)
Microbiological sterility and purity of the preparation, without the presence of undesired cells (hematopoietic,
macrophages, etc.); (2) Characterization of the stem cells through their CDs; (3) Telomerase activity to exclude
the presence of tumor cells; (4) The cells’ viability; (5) DNA genetic analysis; (6) Cell number

• Fetal Bovine Serum (FBS) does not comply with GMP and should be banned. (S) We don’t agree. FBS free
media should be proven to allow to obtain the same cell products before replacing validated FBS based media.

• The production methodology has to be fully disclosed toAuthority. (S) We don’t agree. We would rather pro-
pose to supply the list of all the cultural media, the components used and the characteristics of the final cell prod-
uct to be administered.

• MSC can induce cancer. (S) At this regard, MSC are recognized as safe cells also by EMA, while Embryonic
and IPS cells are not (January 14, 2011; EMA/CAT/571134/2009; Committee for Advanced Therapies – CAT).
We underline that telomerase activity is assessed on every cell line.

• Cells could induce a rejection reaction. (S) STAMINA stem cells do not express the HLA DR, therefore they
don’t need any immunosuppression of the patient. They can be used both in autologous and allogenic transplant,
regardless the race and the sex of the donor and the patient. In case patient suffers from a genetic disease, the trans-
plant should always be allogenic. In case of allogenic use, the donor should always be subject to proper analy-
sis, similar to the ones usually performed in case of organ transplant, except for the tissue compatibility.



• MSC cannot be useful for diseases which are so different from each other; they are not ”magic”. (S) We
don’t agree. MSC are not chemical drugs which act by interacting with specific receptors. MSC are like a “Drug-
store”; in fact they can deliver a lot of chemical substances, including proteins, enzymes, growth factors, as re-
quired. Moreover, they can substitute dead cells and help repair other cells, so performing a global regenerating
effect. They can modulate the immune system, by increasing Treg and regulate various cytokines. They have
also been shown to partially inactivate bacteria and viruses. Due to all such activities, it’s comprehensible why
they can be active and give benefits in hundreds of disease conditions.

• MSC trials should undergo three clinical phases for each single disease indication. (S) Due to the fact that
MSCs like Stamina’s have proven to be safe and that theoretically the number of rare and orphan diseases are some
thousands, it is recommended that each cell preparation should only undergo clinical Phase I trials (i.e., 10-40 sub-
jects depending on the prevalence of the disease condition) and then go directly to a Phase IV post marketing.
This would save a lot of patients.
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ABSTRACT

The year 2013 marks the 25th anniversary of the
Automated Method for islet isolation. The disso-
ciation chamber at the core of the Automated
Method was developed by Dr. Camillo Ricordi in
1988 to enhance the disassembling of the pancre-
atic tissue via a combined enzymatic and me-
chanical digestion while preserving endocrine cell
cluster integrity. This method has ever since be-
come the gold standard for human and large an-
imal pancreas processing, contributing to the
success and increasing number of clinical trials of
islet transplantation worldwide. Herein we offer
an attempt to a comprehensive, yet unavoidably
incomplete, historical review of the progress in the
field of islet cell transplantation to restore beta-
cell function in patients with diabetes.

“....This cell has a small and polygonal struc-
ture. Its cytoplasm is perfectly brilliant and free
from granules, with a distinct nucleus that is round
and of discrete dimension. This type of cell clus-
ters, generally in large number, is diffusely scat-
tered in the glandular parenchyma. These clusters
have generally a diameter of 0.1-0.24 mm and may
be easily distinguished in fragmented pancreatic
preparations…”1. With these words, the German
anatomist and anthropologist Paul Langerhans
described for the first time the pancreatic islets in
his dissertation published in 1869 summarizing the
results of his research as medical student in Berlin
in the laboratory of Rudolf von Virchow’s1. In
1893, the French pathologist and histologist Gus-
tave-Édouard Laguesse associated the Langer-
hans’ name to that of islets (“îlots de Langerhans”)
having observed similar structures in the human

pancreas2. In those years, insulin had not yet been
discovered (until 1922, by Fredrik Bating and
Charles Best from London, Ontario) and part of
the scientific discussion was polarized on whether
the pancreas produced or not “a substance able to
destroy glucose”. Thus, the research was primarily
focused on attempts to demonstrate that pancreatic
fragments transplanted into diabetic animals could
cure the disease. The first success was reported in
the medical literature in 1882 by doctors Oscar
Minkowski and Joseph von Mering at the Uni-
versity of Strasburg demonstrating transient im-
provement of glycosuria following subcutaneous
transplantation of autologous pancreatic fragments
in a pancreatectomy-induced diabetic dog3. The
following year (1883), doctor P. Watson Williams
and surgeon William H. Harsant at Bristol Royal
Infirmary in the UK attempted the first transplant
of three fresh sheep pancreatic fragments in the
subcutaneous space of a 15-year old boy with ke-
toacidosis, who eventually died and histopatho-
logical assessment demonstrated “fibrous stroma”
in the grafts4.
In the subsequent years, most of the research

aimed at demonstrating the hypothesis of the pres-
ence in the pancreas of beneficial secretion through
transplantation of fragments in sited alternative to
the subcutaneous space. In 1896, Italian surgeon
Roberto Alessandri at the Royal University in
Rome reported for the first time the transplant of au-
tologous pancreatic fragments in the dog spleen
after pancreatectomy, though without achieving
measurable graft function5; similar results were re-
ported by others6-8. Alessandri also tried for the first
time the intrahepatic site with poor success5, 8. De-
spite these failures, the attempts increased and it is
noteworthy the series of small pancreatic fragment
allografts performed into liver, spleen, peritoneal
cavity and subcutaneous space of experimental an-
imals by doctor Donato Ottolenghi in 1901 in
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Turin, Italy7; despite the extremely small size of the
fragments utilized, all grafts underwent necrosis and
resorption within a couple of days, even if in a few
cases preserved insular tissue was observed at
histopathological evaluation. In 1903, doctor James
Allan at Glasgow Royal Infirmary attempted an-
other xenotransplant using feline pancreatic frag-
ments in a patient with diabetes who died two weeks
later with ketoacidosis9. The British surgeon Fred-
erick Charles Pybus, in light of initial success ob-
tained with adrenal grafts in the treatment of
Addison disease, attempted in 1916 the transplant
of allogeneic pancreatic tissue into patients with di-
abetes10; considering that previous attempts with
xenogeneic tissue had failed, he recovered a human
pancreas immediately after the death of a trauma
victim and transplanted slices into the abdominal
subcutaneous space of two males with diabetes (32
and 37 years old, respectively). Despite transient re-
duction of glycosuria in one patient, none of the
grafts yielded reversal of diabetes10. The disap-
pointing outcome and the subsequent discovery and
implementation of insulin therapy for diabetes tem-
pered the interest and limited the development of
further research on the transplantation of pancreatic
tissue in the following years.
An important intuition that impacted signifi-

cantly the progress of experimental research was the
hypothesis that function and viability of the en-
docrine pancreatic graft was impaired by the pres-
ence of exocrine acinar tissue. In order to overcome
the potential detrimental effect of acinar tissue in
pancreatic grafts, two hypothetical solutions were
developed. One of the approaches considered trans-
planting a tissue “enriched” of islets such as fetal or
neonatal pancreas, since the development of the ex-
ocrine and endocrine pancreas is not synchronous
with endocrine cells appearing early during organo-
genesis11 and being able to synthesize and secrete
insulin and glucagon in the period preceding ex-
ocrine differentiation. Studies in experimental ani-
mals demonstrated that the survival of the graft was
influenced by donor age11-13 and that survival over
56 days could be achieved with fetal and neonatal
pancreatic grafts implanted in the cheek of ham-
sters13. The other methodological approach pursued
was to separate the endocrine tissue from the ex-
ocrine component before the transplant.
The idea to physically separate the endocrine

component from the exocrine pancreas was origi-
nally proposed by Russian doctor Leonid W.
Ssobolew from Saint Petersburg in 190214, but was
not pursued at least for almost 60 years before the
isolation of the islets of Langerhans was reported in
the medical literature15. In fact, the development of
pancreatic islet isolation techniques was character-

ized by a first era relying on microdissection under
the microscope as described in 1964 by doctor
Claes Hellerstöm at Uppsala University in Swe-
den15, though with poor results both in terms of
yields and quality (namely, substantial functional
impairment). Considering the paucity of endocrine
pancreatic tissue, the research focused on trans-
plantation in experimental animal models did not
progress much in this period. A renewed impulse to
the field followed the discovery of the action of col-
lagenases on pancreatic fragments and the intro-
duction of the enzymatic processing. Polish doctor
Stanisław Moskalewski described in 1965 a novel
method isolate the islets from the minced Guinea
pig pancreas using collagenase action that resulted
in loss of acinar tissue and freeing of pancreatic islet
clusters16. His method was further improved by U.S.
doctors Paul E. Lacy and Mery Kastianovsky at
Washington University in Saint Louis, MO, with the
introduction of intra-ductal injection of cold saline
buffer to obtain the distension of the pancreas prior
to mincing and enzymatic digestion followed by
had-picking under the dissecting microscope17.
Clearly, this approach did not allow obtaining ade-
quate islet yields for transplant experiments into an-
imals, with the purification step being the limiting
factor of the process. A step forward toward over-
coming this hurdle was the introduction of density
gradient purification that was initially based on
sugar or albumin. Subsequently, the use of discon-
tinuous gradient purification with Ficoll by Arnold
Lindall and Coll. at University of Minnesota con-
tributed to achieving higher yields after islet isola-
tion even though initially the cell product obtained
with this technique was not functional18. Only when
Ficoll was dialyzed and lyophilized in doctor Lacy’s
laboratory vital islets could be obtained for experi-
mental transplant studies. Indeed, Lacy established
the two phases of islet cell processing: (i) islet clus-
ter dissociation and dispersion followed by (ii) islet
purification from the pancreas. The technique be-
came the standard for rodent islet isolation for the
following decade that led to remarkable volume of
studies addressing pancreatic islet metabolism,
physiology and immunobiology. In 1972, U.S. doc-
tors Walter F. Ballinger II and Lacy reported the
first successful reversal of experimental diabetes in
rats following intraperitoneal implantation of 400-
600 islets and also that retrieval of transplanted tis-
sue resulted in the reoccurrence of diabetes, as well
as the presence of both alpha and beta-cells in ex-
planted tissue at histopathological analysis19. A fur-
ther step forward in experimental islet transplant
was the 1973 study by doctor Charles B. Kemp and
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suboptimal endocrine mass transplanted vis-à-vis the
complications associated with the lack of purification
of the grafted tissue (namely, portal hypertension and
disseminated intravascular coagulation).
The first report of successful transplantation of

allogeneic pancreatic fragments into patients with
Type 1 diabetes was reported in 1979 by doctors
Felix Largiadèr, E. Kolb and Ulrich Binswanger
at Zurich University30,31; one of the patients, a 22
years old with T1D and severe retinopathy and
nephropathy underwent simultaneous allogeneic
kidney along intrasplenic pancreatic micro-frag-
ments (obtained from two donors) transplantation
under anti-lymphocyte serum, azathioprine, cy-
clophosphamide and prednisone treatment and
showed sustained normoglycemia 1 year post-trans-
plant. Over the months post-transplant, besides im-
provement of renal graft function, a progressive
reduction of exogenous insulin requirements was
observed, with achievement of insulin independ-
ence by 8 months that lasted for ten months, when
rejection of the kidney was associated with hyper-
glycemia recurrence. The patients died a month later
and intrasplenic pancreatic islets could be detected
in the necroptic specimens30,31. More substantial,
both in terms of numbers and measurable success,
was the clinical experience with autologous intra-
hepatic islet transplantation as a palliative treatment
of pain in patients with chronic pancreatitis under-
going total pancreatectomy performed by doctors
Najarian, Sutherland,Matas andGoetz at the Uni-
versity of Minnesota28,29,32,33.
In the 1980’s, new progress were reported with

the islet isolation techniques from dog and human
pancreata by doctor Daniel H. Mintz’s group at the
University of Miami and doctorDerek W. Gray and
Coll. at Oxford University34-37. Briefly, the protocol
consisted of intraductal injection collagenase injec-
tion, dispersion of the pancreatic tissue by mechan-
ical agitation and passing through a series of graded
needles followed by purification using filtration and
centrifugation on density gradient solution – a
method that would allow yields of approximately
purity of 20-40% from human glands35,36. The tech-
nique showed some promise in canine islet trans-
plantation models, particularly for the autografts
while it required more than one donor in the allo-
grafts37-39. Using modifications of this method, doc-
tors Rodolfo Alejandro, Daniel H. Mintz and Coll.
at the University of Miami initiated in 1985 a pilot
clinical trial of 5 allogeneic islet transplantation in
four C-peptide negative patients with Type 1 dia-
betes with evidence of retinopathy, nephropathy and
neuropathy as islet after kidney (IAK) and simulta-
neous islet-kidney (SIK) transplantation (negative

Coll. at Washington University describing that the
technique of islet embolization into the liver of re-
cipient rats through the portal vein improved the ef-
ficiency of transplanted islets compared to the
intraperitoneal site with recovery of glucose home-
ostasis within 2-3 days from implant20. This study
set the basis for the choice of the intraportal islet in-
fusion technique in the clinical setting that still
today remains the transplant site of choice.
The islet isolation technique developed in the rat

by doctor Lacy resulted in a significant increase of
experimental studies in rodents. However, for sev-
eral years the attempts to extend the Lacy isolation
protocol to large animal pancreas (i.e., dog, nonhu-
man primate and human) yielded poor results with
no reports of purified islet cell preparations until
197721. In the mid 1970’s the approach of avoiding
the purification process for large animal pancreas
because of the big islet loss gained favor. Several
reports in the literature describe attempts to use pan-
creatic fragments containing unpurified islets to
cure experimental diabetes in large animals22,23.
An important innovative approach to enhance the

isolation protocol for large animal pancreas was de-
scribed by doctors Atsushi Horaguchi and Ronald
C. Merrell at Stanford University using a dog
model24. Their protocol consisted of three phases: (i)
the cannulation of pancreatic duct with intra-ductal
injection of collagenase solution to better digest the
fibrotic structures; (ii) mechanical dissociation with
digestion at 37°C; and (iii) filtration of the pancreatic
digest through a 400 µm filter mesh24. With this ap-
proach, islet recovery was estimated of 57% with a
purification of approximately 10%: thus, it became
possible obtaining adequate islets for transplantation
from a single donor. In the same period, doctors
Garth L. Warnock, Ray V. Rajotte and A.W. Pro-
cyshyn at the University of Alberta demonstrated
that improvements in the technique of pancreatic
micro-fragment transplantation into the splenic si-
nusoids could result to the achievement of sustained
normoglycemia in diabetic dogs25,26. This allowed
for the development in experimental models of im-
munosuppression as well as of cryopreservation pro-
tocols by doctor Rajotte and Coll. for the storage
pancreatic fragments at –196°C27.
At the end of 1970’s, the technique by Horaguchi

andMerrell applied to the human pancreas led to ini-
tial attempts of unpurified pancreatic micro-fragment
transplantation in the clinical arena by doctors John
S. Najarian, David E.R. Sutherland, Arthur J.
Matas, Fred C. Goetz and Coll. at the University of
Minnesota28,29, though resulting in poor metabolic
control30 and did not solve the numerous clinical is-



Figure 1. The headings of the manuscript describing the Automated Method and a picture of Dr. Ricordi with one of the first
human pancreas shipments from NDRI that was processed in Saint Luis.
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pancreas dissociation by doctor Camillo Ricordi,
who, after obtaining his medical degree from the
University of Milan, received an NIH Research
TraineeAward in 1986 to join doctor Lacy’s team at
Washington University. The method consisted of a
mechanically enhanced enzymatic digestion based
on a dissociation/filtration chamber allowing pan-
creatic fragments and islets freed from gland to be
removed promptly from the system to avoid overdi-
gestion while preserving cluster integrity (Figures
1 and 2). The method was first published in 198843
and has represented ever since the gold standard for
virtually all research centers working on human44
and large animal islets45, besides its application also
for the isolation of other tissues46. Shortly after the
introduction of the automated method, the initial
success with islet transplantation in humans were
reported by doctorsDavid W. Scharp, Lacy, Ricordi
and Coll. at Washington University with a first se-
ries of patients with T1D and established or incipi-
ent nephropathy to ascertain if insulin independence
could be attained and if immunosuppression could
be discontinued one year after transplantation with-
out rejection. Three subjects received approximately

serum crossmatch and ABO compatible donor:re-
cipient combination)36,40. Novelty introduced in the
field through this clinical trial include: preservation
of the pancreas by hypothermic pulsatile perfusion
with cryoprecipitated silica-treated human plasma,
the use of transhepatic portal vein cannulation for
three procedures with monitoring of portal vein
pressure before and after islet infusion, as well as
modulation of islet immunogenicity by treatment
with anti-Ia monoclonal antibody in vitro. The
longest islet graft function was measured for 26 and
18 weeks in two transplants, and graft failure in-
variable occurred in all cases possibly consequent
to inadequate levels of immunosuppression36.
During the same years modifications in the ca-

nine islet isolation procedures allowed to obtain ad-
equate numbers in volumes of pancreatic tissue to
be safely infused in the portal system without in-
ducing portal hypertension while treating diabetes
were introduced by doctors Mark S. Cattral,
Warnock,Norman M. Kneteman, andRajotte at the
University of Alberta by combining intraductal per-
fusion with collagenase of the pancreas, gentle dis-
sociation and purification of density gradients41,42.
A turning point for clinical islet transplantation

was the introduction of the “Automated Method” of



Figure 2. One of the initial prototypes of the stainless steel Dissociation Chamber and Dr. Ricordi’s Laboratory Notebook de-
scribing the concept and drafts of the Automated Method for islet isolation. Photo by L. Piemonti (Milan, 3rd March 2013).
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in UK51 and doctors Alejandro andMintz from the
University of Miami52; improved gradients that in-
corporated cold preservation solutions by student
Barbara J. Olack and Coll. at Washington Univer-
sity53; techniques to stain islet cell clusters with zinc
dye by doctor R. Alejandro and Coll.54 and by doc-
tor W. A. Hansen and Coll. from Hagedorn Re-
search Laboratory in Gentofte, Denmark; as well as
the publication of consensus papers aimed at stan-
dardizing human islet assessment55 contributed to
progress in the field.
In the 1990, the introduction of novel techniques

to improve the efficiency of isolation techniques re-
sulting in high yields of pancreatic islets contributed
to the development of numerous clinical protocols
around the World. In the early 1990’s, doctor Ri-
cordimoved to the University of Pittsburgh to direct
the Cellular Transplantation Division of the Trans-
plantation Institute headed by doctor Thomas
Starzl. Also doctors Alejandro andMintz from the

6,000 islet equivalents per kg of body weight but all
lost graft function despite ongoing immunosup-
pressive regimen (azathioprine, prednisone and cy-
closporine)47; additional islet transplants were
performed with some degree of success thereafter47-
49. Using a more elaborated islet isolation tech-
nique50, doctors Warnock, Rajotte and Coll. at the
University ofAlberta reported a good production of
C-peptide in two recipients with T1D following SIK
(from the same donor). They received conventional
triple immunosuppression that had to be reduced in
both cases due to CMV infection 6 week post-trans-
plant with subsequent loss of islet graft function.
Further improvements were introduced in the

late 1980’s. Amongst these were techniques aimed
at optimizing the efficiency of the purification of
large animal and human islets using a semiauto-
mated method of density gradient separation using
computerized cell separator by doctors Stephen P.
Lake and Coll. from the Leicester Royal Infirmary
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(6 years) function in patients with T1D recipients of
allogeneic islets and kidneys40, two of which main-
tained detectable C-peptide for 13 years63. The de-
velopment of better purified and characterized
enzyme blends characterized by reduced endotoxin
contamination64-67 resulted in higher reproducibility,
when compared to other collagenase blends avail-
able at the time (i.e., Collagenase P), contributing
significantly to achieving improved islet yields from
human pancreata68-70. At the same time, initial at-
tempts of fetal porcine islet cell cluster transplanta-
tion were performed in uremic patients with
diabetes receiving a renal allograft by doctors Carl
G. Groth, Olle Korsgren, Anita Tibell and Coll. at
the Karolinska Institute in Stockholm, Sweden71.
The grafts were implanted intra-hepatically or under
the renal capsule under conventional immunosup-
pression with anti-thymocyte globulin or 15-de-
oxyspergualin, and showed detectable c-peptide in
the urines for up to 200-400 days71 without evidence
of porcine endogenous retrovirus infections72. In
1992 doctor Ricordi funded the Cell Transplanta-
tion Society (CTS) during the first meeting that was
held in Pittsburgh, PA. The CTS that is now a sec-
tion of The International Transplantation Society
(TTS), has steadily grown gaining an important role
for advancements of the field of islet transplanta-
tion and for cellular transplantation by and large.
The Islet Transplantation Registry (http://

www.med.uni-giessen.de/itr/) collected the experi-
ence on a total of 267 transplants performed in sev-
eral Centers voluntarily reporting the outcome of
their trials from 1990 until 200173. Collectively, the
outcome was overall rather modest with only 12.4%
of the 267 transplants achieving insulin independ-
ence for periods greater than a week and only 8.2%
for over one year73. A new era in the field of islet
transplantation begun with the introduction of the
‘Edmonton Protocol’ in 1999 by doctors A.M.
James Shapiro, Jonathan R.T. Lakey, Edmond A.
Ryan, Gregory S. Korbutt, Ellen Toth, Garth L.
Warnock, Norman M. Kneteman, and Ray V. Ra-
jotte at the University of Alberta in Canada74. The
trial showed 100% insulin independence at 12
months in 7 consecutive individuals with brittle
T1D and was characterized by: (i) implantation of
large numbers of freshly isolated (no culture) ca-
daveric allogeneic islets (mean of 11,574 islet
equivalents/kg per recipient obtained from multiple
donors), (ii) the use of human albumin instead of
fetal bovine serum in the media utilized for cell pro-
cessing, and (iii) the use of a steroid-free immuno-
suppressive regimen based on sirolimus, tacrolimus
and anti-IL-2 antibody74. This protocol was subse-

University of Miami joined forces with doctors Ri-
cordi and Starzl’s Team to help optimizing proto-
cols and accelerate the progress in the field of islet
transplantation. The first series of sustained insulin
independence was obtained in nine patients under-
going excision of liver and pancreas (that would re-
sult in surgery-induced diabetes) and receiving
allogeneic liver and islet transplantation from the
same cadaveric donor; the first clinical case of sus-
tained insulin independence following allogeneic
islet transplantation was a 15 years old girl whose
visceral organs were excided for cancer who re-
ceived multi-visceral organ (liver, small bowel and
islet) transplantation56,57. These trials allowed im-
proving the transplant technique with the introduc-
tion of the use of slow infusion (by gravity) of the
islet graft kept in suspension into an infusion bag to
reduce the risk of portal hypertension56,58.
In 1990, doctors Scharp, Lacy and Coll. at

Washington University reported the first case of
transient exogenous insulin independence obtained
following transplantation of 800,000 cultured allo-
geneic islets with 95% purity (pool of two allo-
geneic islet preparations) isolated using the
automated method into a patient with T1D receiving
Minnesota anti-lymphocyte serum, azathioprine and
cyclosporine48. Ten days after transplantation, the
patient achieved normoglycemia (albeit with glu-
cose intolerance) and could discontinue exogenous
insulin therapy for 2 weeks48. Insulin independence
following islet transplantation from a single donor
obtained using the automated method was reported
by doctor Carlo Socci and Coll. at the San Raffaele
Institute in Milan, Italy in a patient with T1D trans-
planted on April 25 199059. Subsequently, insulin
independence and/or consistent graft function after
islet transplantation was reported by Centers across
the World using also cryopreserved60 along to fresh
allogeneic islets, paving the way for a possible clin-
ical application of cellular therapies to restore beta-
cell function in patients with T1D.
In 1994, German doctors Bernard J. Hering,

Reinhard G. Bretzel and Coll. at Justus-Liebig Uni-
versity in Giessen reported 30% insulin independ-
ence after allogeneic islet transplantation in patients
treated with cyclosporine and steroids and receiv-
ing an anti-oxidant therapy and intense intravenous
insulin management in the peritransplant period61.
In 1997, doctors Antonio Secchi, Socci, Guido
Pozza and Coll. at the San Raffaele Institute in
Milan reported a 45% insulin independence rate by
administering elevated islet numbers (~11,000 islet
equivalents per kg of body weight) under cy-
closporine and steroid immunosuppression62. Also,
Alejandro, Ricordi, Joshua Miller, Mintz, and
Coll. at the University of Miami reported long-term



quently reproduced in a multicenter international
trial75 that yielded 58% insulin independence at one
year and revealed the important impact of the cen-
ter experience in islet cell processing and patient
management on clinical outcomes76.
In the meanwhile, the ‘Edmonton Protocol’ was

adopted with or without various modifications at
several institutions contributing to increasing the
numbers of islet transplants performed worldwide.
Overall, the results from these single center trials
showed consistent achievement of metabolic im-
provements with normalization of HbA1c and
glycemic excursions using low exogenous insulin
doses and complete insulin independence after trans-
plantation of adequate islet numbers, paralleled by
a significant reduction/elimination of severe hypo-
glycemic episodes and improved quality of life in
patients with unstable diabetes receiving islet trans-
plant alone (ITA), islet-after kidney (IAK) or simul-
taneous islet-kidney (SIK) transplantation50,75,77-93.
At the evaluation of the extended follow up of

patients receiving the ‘Edmonton Protocol’ it was
revealed that progressive loss of insulin independ-
ence occurred over time, with need to reintroduce
exogenous insulin resulting in excellent metabolic
control long term and HbA1c.While approximately
80% of the patients showed sustained graft function
(measured as persistence of detectable C-peptide),
only 10% of study subjects maintained independ-
ence from exogenous insulin five years after trans-
plantation94. The possible causes of the progressive
loss of graft function are multifold95. Since 2005 to
date, the clinical research has focused on the major
objectives of obtaining and maintaining the longest
possible time high rates of insulin independence
with lowest islet numbers. At the present time, in at
least 5 centers (namely, Edmonton, Minneapolis,
Geneva, Lille and Milan) have been reported pro-
portions of insulin independence between 40-50%
at five years after transplantation96-99, which are not
too far from those of pancreas transplant alone. Fur-
thermore, the data available through the CITR con-
firm an overall trend toward an improvement of
insulin independence at 3 years (approximately
44% of patients) following islet transplantation.
The islet transplant community is rapidly grow-

ing. The Collaborative Islet Transplant Registry
(CITR; www.citregistry.org) has been established in
2001 and has been collecting data from over thirty
Centers in North America, Europe and Oceania
through self-reporting their activity. In the most re-
cent CITR Report100, a total of 571 recipients re-
ceived 1,072 islet infusions from 1,187 donor
pancreata, the majority of transplant being ITA. The

availability of pooled data from different centers is
invaluable as it allows analyses of clinical outcomes
and provide insights on potential variables associ-
ated with higher success rates of islet transplanta-
tion93, 101-105. Notably, the community is likely much
larger than what currently captured by the CITR,
since several Centers in Europe, Asia and South
America that have and/or are performing islet trans-
plantation trials in recent years do not necessarily
report to the Registry; these include, amongst oth-
ers: the trial by doctors Frantisek Saudek and Coll.
at Prague University in Czech Republic106; by doc-
tor Shinichi Matzumoto and Coll. at Kyoto Uni-
versity107,108; the trial by doctor Pablo F. Argibay
and Coll. in Argentina109; the trial by doctor Mari
Cleide Sogayar and Coll. in Brazil110; and the trial
introducing Campath-1H in SIK transplant recipi-
ents by doctor Janming Tan and Coll. at Xiamen
University in China111.
Amongst the several progresses of the recent

years, it is worth mentioning at least a few that con-
tributed moving the field forward. The introduction
of CD25 targeting in islet transplant recipients by
doctor Philip Morel and Coll. at the University of
Geneva112. The development of islet transplant con-
sortia to maximize efficiency of the transplant pro-
grams, such as the Portland/Minneapolis, the
Huddinge/Giessen, the Swiss-French GRAGIL89,113-
115, the Miami/Huston and Miami/Dallas116-120 the
Miami/Washington DC121, 122; the Geneva/Athens123
networks. The introduction of iodixanol-University
of Wisconsin solution density gradients to enhance
large animal124-126 and later human127 islet separation
by doctor Michel P.M. van der Burg and Coll. at
Leiden University in the Netherland. The utilization
of cultured islets by the University of Minnesota
and University of Miami groups128-130. The imple-
mentation of anti-CD3 antibody at induction by
doctor Bernard J. Hering and Coll. at the Univer-
sity of Minnesota128. The attempts at inducing
hematopoietic chimerism in islet transplant recipi-
ents by combined bone marrow-derived stem cell
and islet transplantation at the University of
Miami63,131,132. The invaluable report describing the
histopathological features of bioptic specimens ob-
tained from a patient who passed away >13 years
of insulin independence following islet transplanta-
tion by doctor Thierry Berney and Coll. at the Uni-
versity of Geneva in Switzerland133. The
understanding of the critical role of stress-activated
signal transduction pathways occurring in the pan-
creas and islets due to ischemia following donor
cerebral death, organ preservation and islet isola-
tion resulting in amplification of acute, nonspecific
inflammation on islet yields, quality and immuno-
genicity reported by several research groups, in-
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cluding doctors Stephen Paraskevas, Laurence
Rosenberg and Coll. in Montreal, Canada134, Saida
Abdelli, Christophe Bonny and Coll. at the Uni-
versity of Lausanne in Switzerland135,136, Rita Bot-
tino, Massimo Trucco and Jon D. Piganelli and
Coll. at the University of Pittsburgh137, amongst oth-
ers138,139. The discovery of islet production of tissue
factor, described by doctors Lisa Moberg, Bo Nill-
son and Coll. at the Karolinska Institute (140),
MCP-1/CCL2 described by doctors Lorenzo
Piemonti, Federico Bertuzzi and Coll. at the San
Raffaele Institute in Milan, Italy141-144, CD40 de-
scribed by doctor Ricardo L. Pastori and Coll. at
the University of Miami145, amongst others. The de-
scription that targeting the TNF pathway after trans-
plantation may be beneficial to improve islet
engraftment in rodents by doctors Alan C. Farney
and Coll. in 1993 at the University of Minnesota146,
which was substantiated by the demonstration of the
significant release of pro-inflammatory cytokines
such as TNF-alpha and the induction of endothelial
cell activation upon intrahepatic embolization of al-
logeneic rat islets or inert beads which could be par-
tially reduced via macrophage depletion as shown
by doctors Rita Bottino, Luis Fernandez, Camillo
Ricordi, Luca Inverardi and Coll. at the University
of Miami in 1998147, thus justifying the subsequent
introduction of TNF-alpha signaling blockers in
clinical islet transplant recipients by the University
of Miami130,131,148 and University of Minnesota97,129,
which retrospectively was confirmed as one of the
key factors associated with the success of islet trans-
plantation101. The demonstration of synergy when
combining blockade of TNF-alpha and IL-1-beta
signaling by doctors Morihito Takita, Shinichi
Matsumoto, Marlon F. Levy and Coll. at Baylor
Research Institute in Dallas, TX149. The description
of the triggering of an instant blood mediated in-
flammatory reaction involving coagulation factors,
platelets and leukocytes immediately after intra-por-
tal islet implantation by doctors William Bennet,
Carl G. Groth, Olle Korsgren and Coll. at the
Karolinska Institute150, which led to implementation
of targeted anti-inflammatory strategies to improve
islet engraftment and survival including the intro-
duction of novel anti-inflammatory treatment tar-
geting CXCR1/2 by doctor Piemonti and Coll. at
the San Raffaele Institute (151). The optimization
of pancreas preservation solution containing per-
fluorocarbons to improve oxygenation during cold
storage (‘Two Layer Method’) by doctors
Yoshikazu Kuroda, T Kawamura, Yoichi Saitoh
and Coll. at Kobe University in Japan (152-157).
The introduction of trypsin and protease inhibitors
during pancreas preservation by doctor Kuroda and
Coll. in 1988 and other groups158-162. The introduc-

tion of a controlled pancreatic distension to increase
the reproducibility of islet isolation techniques by
doctors Jonathan R. Lakey, Ray V. Rajotte and
Coll. in Edmonton163. The recent evaluation of
extra-hepatic transplantation sites for islet cells, in-
cluding intramuscularly164 and subcutaneous
space165 by doctors Keith Reemtsma, Collin J.
Wever, Mark A. Hardy and Coll. at Columbia Uni-
versity in the late 1970’s, unfortunately without
function, followed more recently by better results
reported with the intramuscular site by doctor Ehab
Rafael and Coll. at the Karolinska Institute166 and
by doctor Sabrina Dardenne and Coll. at the Uni-
versity of North France in Lille167; as well as new
pilot experiments with an intra-bone marrow site by
doctor Piemonti and Coll. in Milan98, 168, and the use
of intra-peritoneal site mainly for initial clinical at-
tempts to transplant encapsulated porcine or human
islets to confer immunoprotection by doctors Robert
B. Elliot, Christina Buchanan and Coll. at the Uni-
versity ofAuckland in New Zealand169, and by doc-
tors Giuseppe Basta, Giovanni Luca, Riccardo
Calafiore and Coll. at the University of Perugia in
Italy170,171, amongst others. The use of noninvasive
imaging techniques to detect islet grafts using para-
magnetic beads for magnetic resonance imaging in
experimental animals by doctor Frantisek Saudek
and Coll. in Prague172,173 and in the clinical settings
by doctors Christian Toso, Thierry Berney and
Coll. in Geneva174, and the use of positron emission
tomography by doctors Olof Eriksson, Torbjörn
Lundgren and Coll. in Sweden175. The use of sup-
plemental islet infusion and or the use of exenatide
in patients developing graft dysfunction by the
Miami group148,176,177. The introduction of novel ap-
proaches to seal the tract of trans-hepatic catheteri-
zation of the portal vein to reduce the risk of
hemorrhage and improve safety of the islet trans-
plant procedure by doctors Tatiana Froud, Ricordi,
Alejandro and Coll. at the University of Miami178.
The introduction of exenatide treatment for islet
transplant recipients to favor engraftment by the
University of Illinois at Chicago and the Miami
groups179,180. The use of living-related segmental
pancreas donor by doctor Shinichi Matsumoto and
Coll. at Kyoto University107,108. The introduction of
Campath-1H as lympho-depleting agent by doctor
Tan and Coll. at Xiamen University111, the Univer-
sity of Miami132 and the University of Alberta99,181.
The field of islet transplantation has signifi-

cantly evolved since the initial attempts by doctors
Minkowski and von Mering in 1882, with remark-
able acceleration over the last three decades thanks
to the incredible effort of the research community
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across the Worlds yielding to the achievement of
steady improvements in the cell processing and
transplantation techniques, patient management
and immunotherapy protocols utilized (Figure 3).
Preservation of beta-cell function is reproducibly
currently attained in recipients of islet autografts,
a therapeutic option that should be considered for
individuals undergoing total pancreatectomy for
non-malignant conditions and as recently reported
also for malignant condition182. Restoration of beta-
cell function can be obtained by transplantation of
allogeneic islets in both nonuremic (ITA) and ure-
mic (SIK and IAK) subjects with diabetes, allow-
ing for long-term sustained function and
associating with improved metabolic control even
when required exogenous insulin (i.e., suboptimal
islet mass transplanted or development of graft dys-
function). The introduction of Ricordi’s Automated
Method twenty-five years ago has definitely given
a remarkable impulse to the field, contributing to
the expansion of the number of transplants per-
formed worldwide since the early 1990’s. Islet
transplantation has been approved as a reim-

bursable procedure in several Countries, including
Australia, Canada (selected provinces), France,
Italy, Switzerland, the National Institute for Health
and Clinical Excellence in the United Kingdom,
Sweden and the Nordic Network. In the U.S.A., au-
tologous islet transplantation is currently reim-
bursed. The completion of registration trials by the
Clinical Islet Transplant consortium (CIT-06 and
CIT-07) will likely lead to biological licensure by
the U.S. Food and Drug Administration shortly.
This is an important step, as islet transplant activ-
ity in the United States has been severely restricted
by limited access to research funds, with the ex-
ception of a joint Medicaid/Medicare initiative that
is currently supporting the islet-after-kidney trial
(CIT-06).
We are currently experiencing an exciting stage

of innovation and renewed promise for cellular-
based therapies to restore beta-cell function. Novel
extra-hepatic transplant sites and tissue engineering
approaches are being explored which may allow for
improved engraftment and sustained function with
cadaveric human, xenogeneic or stem-cell derived
islet cells in the near future. It has been and still is
an exceptional journey!

CELLR4 - Repair, Replacement, Regeneration & Reprogramming16

Figure 3. Timeline of pancreatic islet transplantation.



ACKNOWLEDGEMENTS

Dr. Piemonti has been supported by grants from the
Italian Minister of Health (Ricerca Finalizzata RF-
2009-1469691, Ricerca Finalizzata RF041234),
Ministry of Education, University and Research
(PRIN 2008, prot. 2008AFA7LC), EU (HEALTH-
F5-2009-241883-BetaCellTherapy; DIAPREPP
Project, HEALTH-F2-2008-202013), Associazione
Italiana per la Ricerca sul Cancro (AIRC, bando 5 x
1,000 N_12182 and Progetto IGN_11783), Telethon
Italy and the Juvenile Diabetes Research Founda-
tion (JT01Y01 and grant 6-2006-1098),
EFSD/JDRF/Novo Nordisk Type 1 Diabetes Re-
search Programme, and CARIPLO Foundation.Dr.
Pileggi has been supported by grants from the Na-
tional Institutes of Health (5U19AI050864-10,
U01DK089538, 5U42RR016603-08S1,
1DP2DK083096-01, 1R01EB008009-02,
5R01DK059993-06, 1 R21 DK076098-01, 1 U01
DK70460-02, 5R01DK25802-24, 5R01DK56953-
05), the Juvenile Diabetes Research Foundation In-
ternational (17-2010-5, 4-2008-811, 6-39017G1,
4-2004-361, 4-2000-947), The Leona M. and Harry
B. Helmsley Charitable Trust, the University of
Miami Interdisciplinary Research Development Ini-
tiative, the American Diabetes Association (7-13-
IN-32), the Diabetes Research Institute Foundation,
and Converge Biotech. The funders had no role in
the content, presentation, decision to publish, or
preparation of the manuscript. A.P. is a co-founder,
member of the scientific advisory board, and stock
option holder of Converge Biotech and NEVAPhar-
maceuticals. He has no conflict of interests to dis-
close regarding the content of this manuscript.

REFERENCES

1. Langerhans P. Beiträge zur mikroskopischen Anatomie
der Bauchspeicheldrüse. Berlin: Gustav Lange; 1869.

2. Laguesse E. Dur la formation dels îlots de Langerhans
dans le pancréas. Compt Reud de la Soc Biol.
1893;45(9):819-820.

3. Minkowski O. Weitere mittheilungen über den Diabetes
mellitus nach exstirpation des pankreas. Berl Klin
Wochenschr. 1892;29:90-94.

4.Williams P. Notes on diabetes treated with extract and by
grafts of sheep’s pancreas. Br Med J. 1894;2:1303-1304.

5. Alessandri R. Innesti di tessuti viventi adulti ed embrion-
ali in alcuni organi del corpo. Policlinico. 1896;III-C:253-
271.

6. Kyrle K. Über die Degenerationsvorgange im tierischen
Pankreas. Arch f mikr Anat u Entwcklugsgesch.
1908;72:141.

7. Ottolenghi D. Sur la transplantation du pancreas.Arch Ital
Biol. 1901;36:447.

8. Pratt, J., Murphy FT. Pancreatic transplantation in the
spleen. J Exp Med. 1913;17:252.

9. Allan JW. Transplantation of pancreas in diabetes. Br Med
J. 1903;1(2204):764.

10. Pybus FC. Notes on suprarenal and pancreatic grafting.
Lancet. 1924;204(5272):550-551.

11. Browing H, Resnik P. Homologus and heterologus trans-
plantation of pancreatic tissue in normal and diabetic
mice. Yale J Biol Med. 1951;24:141.

12. Coupland RE. The survival and growth of pancreatic tis-
sue in the anterior chamber of the eye of the albino rat. J
Endocrinol. 1960;20:69-77.

13. House EL, Burton C, Cooper H,Anderson E. The implan-
tation of neonatal pancreas into the cheek pouch of the al-
loxan diabetic hamster. Endocrinology. 1958;63:389-91.

14. Ssobolew LW. Zur normalen und pathologischen mor-
phologie der inneren secretion der bauchspeicheldrüse.
Die eseutung der langerhansschen inseln. VirchowsArch.
1902;168:91.

15. Hellerstroem C. A method for the microdissection of in-
tact pancreatic islets of mammals. Acta Endocrinol.
1964;45:122-32.

16. Moskalewski S. Isolation and culture of the islets of
Langerhans of the Guinea pig. Gen Comp Endocrinol.
1965;44:342-53.

17. Lacy PE, Mery Kostianovsky M. Method for the isolation
of intact islets of Langerhans from the rat pancreas. Dia-
betes. 1967;16(1):35-39.

18. Lindall A, Steffes M, Sorenson R. Immunoassayable in-
sulin content of subcellular fractions of rat islets. En-
docrinology. 1969;85(2):218-23.

19. Ballinger WF, Lacy PE. Transplantation of intact pancre-
atic islets in rats. Surgery. 1972;72(2):175-86.

20. Kemp CB, Knight MJ, Scharp DW, Ballinger WF, Lacy
PE. Effect of transplantation site on the results of pancre-
atic islet isografts in diabetic rats. Diabetologia.
1973;9(6):486-91.

21. Lorenz D, Lippert H, Panzig E, Kohler H, Koch G, Tietz
W, et al. Transplantation of isolated islets of Langerhans
in diabetic dogs. III. Donor selection by mixed lympho-
cyte reaction and immunosuppressive treatment. J Surg
Res. 1979;27(3):205-13.

22. Kolb E, Ruckert R, Largiader F. Intraportal and in-
trasplenic autotransplantation of pancreatic islets in the
dog. Eur Surg Res. 1977;9(6):419-26.

23. Kretschmer GJ, Sutherland DE, Matas AJ, Steffes MW,
Najarian JS. The dispersed pancreas: transplantation with-
out islet purification in totally pancreatectomized dogs.
Diabetologia. 1977;13(5):495-502.

24. HoraguchiA, Merrell RC. Preparation of viable islet cells
from dogs by a new method. Diabetes. 1981;30(5):455-8.

25.Warnock GL, Rajotte RV, Procyshyn AW. Normo-
glycemia after reflux of islet-containing pancreatic frag-
ments into the splenic vascular bed in dogs. Diabetes.
1983;32(5):452-9.

26.Warnock GL, Rajotte RV, Kneteman NM, Ellis D, Toth
K. Oral glucose tolerance and response to mixed meals in
dogs bearing long-term transplanted islets of Langerhans.
Transplant Proc. 1987;19(1 Pt 2):969-73.

27. Rajotte RV, Warnock GL, Bruch LC, Procyshyn AW.
Transplantation of cryopreserved and fresh rat islets and
canine pancreatic fragments: comparison of cryopreser-
vation protocols. Cryobiology. 1983;20(2):169-84.

28. Najarian JS, Sutherland DE, MatasAJ, Steffes MW, Sim-
mons RL, Goetz FC. Human islet transplantation: a pre-
liminary report. Transplant Proc. 1977;9(1):233-6.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 17



29. Sutherland DE, Matas AJ, Goetz FC, Najarian JS. Trans-
plantation of dispersed pancreatic islet tissue in humans:
autografts and allografts. Diabetes. 1980;29 Suppl 1:31-
44.

30. Largiader F, Kolb E, Binswanger U. A long-term func-
tioning human pancreatic islet allotransplant. Transplan-
tation. 1980;29(1):76-7.

31. Largiader F, Kolb E, Binswanger U, Illig R. [Successful
allotransplantation of an island of Langerhans]. Schweiz-
erische medizinischeWochenschrift. 1979;109(45):1733-
6.

32. Morrow CE, Cohen JI, Sutherland DE, Najarian JS.
Chronic pancreatitis: long-term surgical results of pan-
creatic duct drainage, pancreatic resection, and near-total
pancreatectomy and islet autotransplantation. Surgery.
1984;96(4):608-16.

33. Bellin MD, BalamuruganAN, Pruett TL, Sutherland DE.
No islets left behind: islet autotransplantation for surgery-
induced diabetes. Curr Diab Rep. 2012;12(5):580-6.

34. Noel J, Rabinovitch A, Olson L, Kyriakides G, Miller J,
Mintz DH. Amethod for large-scale, high-yield isolation
of canine pancreatic islets of Langerhans. Metabolism.
1982;31(2):184-7.

35. Gray DW, McShane P, Grant A, Morris PJ. Amethod for
isolation of islets of Langerhans from the human pancreas.
Diabetes. 1984;33(11):1055-61.

36. Alejandro R, Mintz DH, Noel J, Latif Z, Koh N, Russell
E, et al. Islet cell transplantation in type I diabetes melli-
tus. Transplant Proc. 1987;19(1 Pt 3):2359-61.

37. Alejandro R, Cutfield R, Shienvold FL, Latif Z, Mintz DH.
Successful long-term survival of pancreatic islet allografts
in spontaneous or pancreatectomy-induced diabetes in
dogs. Cyclosporine-induced immune unresponsiveness.
Diabetes. 1985;34(8):825-8.

38. Alejandro R, Cutfield RG, Shienvold FL, Polonsky KS,
Noel J, Olson L, et al. Natural history of intrahepatic canine
islet cell autografts. J Clin Investig. 1986;78(5):1339-48.

39. Alejandro R, Latif Z, Polonsky KS, Shienvold FL, Civan-
tos F, Mint DH. Natural history of multiple intrahepatic ca-
nine islet allografts during and following administration of
cyclosporine. Transplantation. 1988;45(6):1036-44.

40. Alejandro R, Lehmann R, Ricordi C, Kenyon NS, An-
gelico MC, Burke G, et al. Long-term function (6 years)
of islet allografts in type 1 diabetes. Diabetes.
1997;46(12):1983-9.

41.Warnock GL, Cattral MS, Rajotte RV. Normoglycemia
after implantation of purified islet cells in dogs. Can J Sur-
gery. 1988;31(6):421-6.

42. Cattral MS, Warnock GL, Kneteman NM, Rajotte RV.
Transplantation of purified single-donor canine islet allo-
grafts with cyclosporine. Transplantation. 1989;47(4):
583-7.

43. Ricordi C, Lacy PE, Finke EH, Olack BJ, Scharp DW.
Automated method for isolation of human pancreatic
islets. Diabetes. 1988;37(4):413-20.

44. Ricordi C. Islet transplantation: a brave new world. Dia-
betes. 2003;52(7):1595-603.

45. Ricordi C, Socci C, Davalli AM, Staudacher C, Baro P,
VertovaA, et al. Isolation of the elusive pig islet. Surgery.
1990;107(6):688-94.

46. Vizzardelli C, Potter ED, Berney T, PileggiA, Inverardi L,
Ricordi C, et al. Automated method for isolation of adre-
nal medullary chromaffin cells from neonatal porcine
glands. Cell Transplant. 2001;10(8):689-96.

47. Scharp D, Lacy P, Ricordi C, Boyle P, Santiago J, Cryer
P, et al. Human islet transplantation in patients with type
I diabetes. Transplant Proc. 1989;21(1 Pt 3):2744-5.

48. Scharp DW, Lacy PE, Santiago JV, McCullough CS,
Weide LG, Falqui L, et al. Insulin independence after islet
transplantation into type I diabetic patient. Diabetes.
1990;39(4):515-8.

49. Scharp DW, Lacy PE, Santiago JV, McCullough CS,
Weide LG, Boyle PJ, et al. Results of our first nine intra-
portal islet allografts in type 1, insulin-dependent diabetic
patients. Transplantation. 1991;51(1):76-85.

50.Warnock GL, Kneteman NM, Ryan EA, Evans MG,
Seelis RE, Halloran PF, et al. Continued function of pan-
creatic islets after transplantation in type I diabetes.
Lancet. 1989;2(8662):570-2.

51. Lake SP, Bassett PD, Larkins A, Revell J, Walczak K,
Chamberlain J, et al. Large-scale purification of human
islets utilizing discontinuous albumin gradient on IBM
2991 cell separator. Diabetes. 1989;38 Suppl 1:143-5.

52. Alejandro R, Strasser S, Zucker PF, Mintz DH. Isolation of
pancreatic islets from dogs. Semiautomated purification on
albumin gradients. Transplantation. 1990;50(2):207-10.

53. Olack B, Swanson C, McLear M, Longwith J, Scharp D,
Lacy PE. Islet purification using Euro-Ficoll gradients.
Transplant Proc. 1991;23(1 Pt 1):774-6.

54. Latif ZA, Noel J, Alejandro R. A simple method of stain-
ing fresh and cultured islets. Transplantation. 1988;45(4):
827-30.

55. Ricordi C, Gray DW, Hering BJ, Kaufman DB, Warnock
GL, Kneteman NM, et al. Islet isolation assessment in
man and large animals. Acta Diabetol Lat.
1990;27(3):185-95.

56. Tzakis AG, Ricordi C, Alejandro R, Zeng Y, Fung JJ,
Todo S, et al. Pancreatic islet transplantation after upper
abdominal exenteration and liver replacement. Lancet.
1990;336(8712):402-5.

57. Ricordi C, Tzakis AG, Carroll PB, Zeng YJ, Rilo HL, Ale-
jandro R, et al. Human islet isolation and allotransplantation
in 22 consecutive cases. Transplantation. 1992;53(2):407-14.

58. Baidal DA, Froud T, Ferreira JV, Khan A, Alejandro R,
Ricordi C. The bag method for islet cell infusion. Cell
transplant. 2003;12(7):809-13.

59. Socci C, Falqui L, Davalli AM, Ricordi C, Braghi S,
Bertuzzi F, et al. Fresh human islet transplantation to re-
place pancreatic endocrine function in type 1 diabetic pa-
tients. Report of six cases.Acta diabetologica. 1991;28(2):
151-7.

60.Warnock GL, Kneteman NM, Ryan E, Seelis RE, Rabi-
novitch A, Rajotte RV. Normoglycaemia after transplan-
tation of freshly isolated and cryopreserved pancreatic
islets in type 1 (insulin-dependent) diabetes mellitus. Di-
abetologia. 1991;34(1):55-8.

61. Hering BJ, Bretzel RG, Hopt UT, Brandhorst H, Brand-
horst D, Bollen CC, et al. New protocol toward prevention
of early human islet allograft failure. Transplant Proc.
1994;26(2):570-1.

62. Secchi A, Socci C, Maffi P, Taglietti MV, Falqui L,
Bertuzzi F, et al. Islet transplantation in IDDM patients.
Diabetologia. 1997;40(2):225-31.

63. Pileggi A, Ricordi C, Kenyon NS, Froud T, Baidal DA,
KahnA, et al. Twenty years of clinical islet transplantation
at the Diabetes Research Institute—University of Miami.
Clinical transplants. 2004:177-204.

64. Fetterhoff TJ, Cavanagh TJ, Wile KJ, Wright MJ, Dwulet
FE, Gill J, et al. Human pancreatic dissociation using a pu-
rified enzyme blend. Transplant Proc. 1995;27(6):3282-3.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming18



65. Cavanagh TJ, Lakey JR, Dwulet F, Wright MJ, Wile K,
Albertson T, et al. Improved pig islet yield and post-cul-
ture recovery using Liberase PI purified enzyme blend.
Transplant Proc. 1998;30(2):367.

66. Berney T, Molano RD, Cattan P, PileggiA, Vizzardelli C,
Oliver R, Ricordi C, Inverardi L. Endotoxin-mediated de-
layed islet graft function is associated with increased
intra-islet cytokine production and islet cell apoptosis.
Transplantation. 2001;71(1):125-32.

67. Vargas F, Vives-Pi M, Somoza N,Armengol P,Alcalde L,
Marti M, et al. Endotoxin contamination may be respon-
sible for the unexplained failure of human pancreatic islet
transplantation. Transplantation. 1998;65(5):722-7.

68. Linetsky E, Bottino R, Lehmann R,Alejandro R, Inverardi
L, Ricordi C. Improved human islet isolation using a new
enzyme blend, liberase. Diabetes. 1997;46(7):1120-3.

69. Lakey JR, Cavanagh TJ, Zieger MA, Wright M. Evalua-
tion of a purified enzyme blend for the recovery and func-
tion of canine pancreatic islets. Cell Transplant.
1998;7(4):365-72.

70. Linetsky E, Selvaggi G, Bottino R, Kong SS, Qian T,Ale-
jandro R, et al. Comparison of collagenase type P and Lib-
erase during human islet isolation using the automated
method. Transplant Proc. 1995;27(6):3264.

71. Groth CG, Korsgren O, Tibell A, Tollemar J, Moller E,
Bolinder J, et al. Transplantation of porcine fetal pancreas
to diabetic patients. Lancet. 1994;344(8934):1402-4.

72. HeneineW, Tibell A, Switzer WM, Sandstrom P, Rosales
GV, Mathews A, et al. No evidence of infection with
porcine endogenous retrovirus in recipients of porcine
islet-cell xenografts. Lancet. 1998;352(9129):695-9.

73. Brendel MD, Hering BJ, Schultz AO, Bretzel RG. Inter-
national Islet Transplant Registry. Giessen, Germany:
2001 18 April, 2013. Report No.: Contract No.: 1.

74. Shapiro AM, Lakey JR, Ryan EA, Korbutt GS, Toth E,
Warnock GL, et al. Islet transplantation in seven patients
with type 1 diabetes mellitus using a glucocorticoid-free
immunosuppressive regimen. New Engl J Med.
2000;343(4):230-8.

75. Shapiro AM, Ricordi C, Hering B. Edmonton’s islet suc-
cess has indeed been replicated elsewhere. Lancet.
2003;362(9391):1242.

76. ShapiroAM, Ricordi C, Hering BJ,Auchincloss H, Lind-
blad R, Robertson RP, et al. International trial of the Ed-
monton protocol for islet transplantation. New Engl J
Med. 2006;355(13):1318-30.

77. Ryan EA, Lakey JR, Rajotte RV, Korbutt GS, Kin T, Imes
S, et al. Clinical outcomes and insulin secretion after islet
transplantation with the Edmonton protocol. Diabetes.
2001;50(4):710-9.

78. Ryan EA, Lakey JR, Paty BW, Imes S, Korbutt GS,
Kneteman NM, et al. Successful islet transplantation: con-
tinued insulin reserve provides long-term glycemic con-
trol. Diabetes. 2002;51(7):2148-57.

79. Markmann JF, Deng S, Huang X, Desai NM, Velid-
edeoglu EH, Lui C, et al. Insulin independence following
isolated islet transplantation and single islet infusions.
Ann Surg. 2003;237(6):741-9; discussion 9-50.

80. Ryan EA, Shandro T, Green K, Paty BW, Senior PA, Bigam
D, et al. Assessment of the severity of hypoglycemia and
glycemic lability in type 1 diabetic subjects undergoing islet
transplantation. Diabetes. 2004;53(4):955-62.

81. Frank A, Deng S, Huang X, Velidedeoglu E, Bae YS, Liu
C, et al. Transplantation for type I diabetes: comparison of
vascularized whole-organ pancreas with isolated pancre-
atic islets.Ann Surg. 2004;240(4):631-40; discussion 40-3.

82. Geiger MC, Ferreira JV, Hafiz MM, Froud T, Baidal DA,
Meneghini LF, et al. Evaluation of metabolic control
using a continuous subcutaneous glucose monitoring sys-
tem in patients with type 1 diabetes mellitus who achieved
insulin independence after islet cell transplantation. Cell
Transplant. 2005;14(2-3):77-84.

83. Rickels MR, Schutta MH, Mueller R, Markmann JF,
Barker CF, Naji A, et al. Islet cell hormonal responses to
hypoglycemia after human islet transplantation for type 1
diabetes. Diabetes. 2005;54(11):3205-11.

84. Poggioli R, Faradji RN, Ponte G, Betancourt A,
Messinger S, Baidal DA, et al. Quality of life after islet
transplantation. Am J Transplant 2006;6(2):371-8.

85. Paty BW, Senior PA, Lakey JR, Shapiro AM, Ryan EA.
Assessment of glycemic control after islet transplantation
using the continuous glucose monitor in insulin-indepen-
dent versus insulin-requiring type 1 diabetes subjects. Di-
abetes Technol Ther. 2006;8(2):165-73.

86. O’Connell PJ, Hawthorne WJ, Holmes-Walker DJ,
Nankivell BJ, Gunton JE, Patel AT, et al. Clinical islet
transplantation in type 1 diabetes mellitus: results ofAus-
tralia’s first trial. Med J Aust. 2006;184(5):221-5.

87. Rickels MR, Schutta MH, Mueller R, Kapoor S, Mark-
mann JF, Naji A, Teff KL. Glycemic thresholds for acti-
vation of counterregulatory hormone and symptom
responses in islet transplant recipients. J Clin Endocrinol
Metab. 2007;92(3):873-9.

88. Cure P, Pileggi A, Froud T, Messinger S, Faradji RN,
Baidal DA, et al. Improved metabolic control and quality
of life in seven patients with type 1 diabetes following
islet after kidney transplantation. Transplantation.
2008;85(6):801-12.

89. Benhamou PY, Milliat-Guittard L, Wojtusciszyn A,
Kessler L, Toso C, Baertschiger R, et al. Quality of life
after islet transplantation: data from the GRAGIL 1 and 2
trials. Diabet Med. 2009;26(6):617-21.

90. VantyghemMC, BalavoineAS, Caiazzo R, Kerr-Conte J,
Noel C, Pattou F. Diabetes cell therapy: a decade later.
Minerva Endocrinol. 2011;36(1):23-39.

91. VantyghemMC, RaverdyV, BalavoineAS, Defrance F, Ca-
iazzo R, Arnalsteen L, et al. Continuous glucose monitor-
ing after islet transplantation in type 1 diabetes: an excellent
graft function (beta-score greater than 7) Is required to ab-
rogate hyperglycemia, whereas a minimal function is nec-
essary to suppress severe hypoglycemia (beta-score greater
than 3). J Clin Endocrinol Metab. 2012;97(11):E2078-83.

92.Walsh RM, Saavedra JR, Lentz G, GuerronAD, Scheman
J, Stevens T, et al. Improved quality of life following total
pancreatectomy and auto-islet transplantation for chronic
pancreatitis. J Gastrointest Surg. 2012;16(8):1469-77.

93. Hirsch D, Odorico J, Danobeitia JS, Alejandro R, Rickels
MR, Hanson M, et al. Early metabolic markers that antici-
pate loss of insulin independence in type 1 diabetic islet al-
lograft recipients. Am J Transplant. 2012;12(5):1275-89.

94. Ryan EA, Paty BW, Senior PA, Bigam D, Alfadhli E,
Kneteman NM, et al. Five-year follow-up after clinical
islet transplantation. Diabetes. 2005;54(7):2060-9.

95. Mineo D, PileggiA,Alejandro R, Ricordi C. Point: steady
progress and current challenges in clinical islet trans-
plantation. Diabetes Care. 2009;32(8):1563-9.

96. Vantyghem MC, Kerr-Conte J, Arnalsteen L, Sergent G,
Defrance F, Gmyr V, et al. Primary graft function, meta-
bolic control, and graft survival after islet transplantation.
Diabetes Care. 2009;32(8):1473-8.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 19



97. Bellin MD, Kandaswamy R, Parkey J, Zhang HJ, Liu B,
Ihm SH, et al. Prolonged insulin independence after islet
allotransplants in recipients with type 1 diabetes. Am J
Transplant. 2008;8(11):2463-70.

98. Maffi P, Scavini M, Socci C, Piemonti L, Caldara R,
Gremizzi C, et al. Risks and benefits of transplantation in
the cure of type 1 diabetes: whole pancreas versus islet
transplantation. A single center study. Rev Diabet Stud.
2011;8(1):44-50.

99. Shapiro AMJ, Toso C, Imes S, Koh A, Kin T, O’Gorman
D, et al. Five-year results of islet-alone transplantation
match pancreas-alone transplantation with alemtuzumab,
Tac/MMF, with strong suppression of auto and alloreac-
tivity. Rev Diabet Stud. 2011;8(1):95.

100. Registry CIT. SeventhAnnual Report. Collaborative Islet
Transplant Registry, 2011 December 30, 2011. Report No.

101. Alejandro R, Barton FB, Hering BJ, Wease S. 2008 Up-
date from the Collaborative Islet Transplant Registry.
Transplantation. 2008;86(12):1783-8.

102. 2007 update on allogeneic islet transplantation from the
Collaborative Islet Transplant Registry (CITR). Cell
Transplant. 2009;18(7):753-67.

103. Barton FB, Rickels MR, Alejandro R, Hering BJ, Wease
S, Naziruddin B, et al. Improvement in outcomes of clin-
ical islet transplantation: 1999-2010. Diabetes care.
2012;35(7):1436-45.

104. Bellin MD, Barton FB, Heitman A, Harmon JV, Kan-
daswamy R, BalamuruganAN, et al. Potent induction im-
munotherapy promotes long-term insulin independence
after islet transplantation in type 1 diabetes. Am J Trans-
plant. 2012;12(6):1576-83.

105. Naziruddin B, Wease S, Stablein D, Barton FB, Berney
T, Rickels MR, et al. HLA class I sensitization in islet
transplant recipients: report from the Collaborative Islet
Transplant Registry. Cell Transplant. 2012;21(5):901-8.

106. Saudek F, Girman P, Kriz J, Berkova Z, Zacharovova K,
Koblas T, et al. [Islet transplantation for treatment of type-
1 diabetes mellitus]. Cas Lek Cesk. 2011;150(1):49-55.

107. Matsumoto S, Okitsu T, Iwanaga Y, Noguchi H, Nagata
H, Yonekawa Y, et al. Insulin independence after living-
donor distal pancreatectomy and islet allotransplantation.
Lancet. 2005;365(9471):1642-4.

108. Matsumoto S, Okitsu T, Iwanaga Y, Noguchi H, Nagata
H, Yonekawa Y, et al. Follow-up study of the first suc-
cessful living donor islet transplantation. Transplantation.
2006;82(12):1629-33.

109. Argibay P, Hyon S, Groppa R, Barbich M, Grossem-
bacher L, Giudice C, et al. Initial experience with clinical
islet transplantation in Argentina. Transplant Proc.
1998;30(2):308.

110. Eliaschewitz FG, Aita CA, Genzini T, Noronha IL, Loju-
dice FH, Labriola L, et al. First Brazilian pancreatic islet
transplantation in a patient with type 1 diabetes mellitus.
Transplant Proc. 2004;36(4):1117-8.

111. Tan J, Yang S, Cai J, Guo J, Huang L, Wu Z, et al. Si-
multaneous islet and kidney transplantation in seven pa-
tients with type 1 diabetes and end-stage renal disease
using a glucocorticoid-free immunosuppressive regimen
with alemtuzumab induction. Diabetes. 2008;57(10):
2666-71.

112. Oberholzer J, Triponez F, Mage R,Andereggen E, Buhler
L, Cretin N, et al. Human islet transplantation: lessons
from 13 autologous and 13 allogeneic transplantations.
Transplantation. 2000;69(6):1115-23.

113. Kempf MC, Andres A, Morel P, Benhamou PY, Bayle F,
Kessler L, et al. Logistics and transplant coordination ac-
tivity in the GRAGILSwiss-French multicenter network of
islet transplantation. Transplantation. 2005;79(9):1200-5.

114. Badet L, Benhamou PY,WojtusciszynA, Baertschiger R,
Milliat-Guittard L, Kessler L, et al. Expectations and
strategies regarding islet transplantation: metabolic data
from the GRAGIL 2 trial. Transplantation. 2007;84(1):89-
96.

115. Borot S, Niclauss N, Wojtusciszyn A, Brault C, De-
muylder-Mischler S, Muller Y, et al. Impact of the num-
ber of infusions on 2-year results of islet-after-kidney
transplantation in the GRAGIL network. Transplantation.
2011;92(9):1031-8.

116. Goss JA, SchockAP, Brunicardi FC, Goodpastor SE, Gar-
ber AJ, Soltes G, et al. Achievement of insulin independ-
ence in three consecutive type-1 diabetic patients via
pancreatic islet transplantation using islets isolated at a
remote islet isolation center. Transplantation.
2002;74(12):1761-6.

117. Goss JA, Goodpastor SE, Brunicardi FC, Barth MH,
Soltes GD, Garber AJ, et al. Development of a human
pancreatic islet-transplant program through a collabora-
tive relationship with a remote islet-isolation center.
Transplantation. 2004;77(3):462-6.

118. Lee TC, Barshes NR, Brunicardi FC,Alejandro R, Ricordi
C, Nguyen L, et al. Procurement of the human pancreas
for pancreatic islet transplantation. Transplantation.
2004;78(3):481-3.

119. Ponte GM, Pileggi A, Messinger S, Alejandro A, Ichii H,
Baidal DA, et al. Toward maximizing the success rates of
human islet isolation: influence of donor and isolation fac-
tors. Cell Transplant. 2007;16(6):595-607.

120. Ichii H, Sakuma Y, Pileggi A, Fraker C, Alvarez A, Mon-
telongo J, et al. Shipment of human islets for transplanta-
tion. Am J Transplant. 2007;7(4):1010-20.

121. Khan A, Jindal RM, Shriver C, Guy SR, Vertrees AE,
Wang X, et al. Remote processing of pancreas can restore
normal glucose homeostasis in autologous islet trans-
plantation after traumatic whipple pancreatectomy: tech-
nical considerations. Cell Transplant. 2012;21(6):1261-7.

122. Jindal RM, Ricordi C, Shriver CD. Autologous pancre-
atic islet transplantation for severe trauma. New Engl J
Med. 2010;362(16):1550.

123. Papas KK, Karatzas T, Berney T, Minor T, Pappas P, Pat-
tou F, et al. International workshop: islet transplantation
without borders enabling islet transplantation in Greece
with international collaboration and innovative technol-
ogy. Clin Transplant. 2013;27(2):E116-25.

124. van der Burg MP, Gooszen HG, Ploeg RJ, Scherft JP,
Field MJ, Guicherit OR, et al. Comparison of islet isola-
tion techniques in dogs: over 90% purified islets using
UW solution. Transplant Proc. 1990;22(2):795-6.

125. van der Burg MP, Gooszen HG, Ploeg RJ, Guicherit OR,
Scherft JP, Terpstra JL, et al. Pancreatic islet isolation with
UW solution: a new concept. Transplant Proc.
1990;22(4):2050-1.

126. van der Burg MP, Basir I, Bouwman E. No porcine islet
loss during density gradient purification in a novel iodix-
anol in University ofWisconsin solution. Transplant Proc.
1998;30(2):362-3.

127. Van der Burg MPM, Ranuncoli A, Molano R, Kirlew T,
Ringers J, Bouwman E, et al., editors. Efficacy of the
novel iodixanol-UWS density gradient for human islet pu-
rification. 18th Workshop of the AIDSPIT Study Group;
1999 January 24-26, 1999; Igls, Austria.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming20



128. Hering BJ, Kandaswamy R, Harmon JV,Ansite JD, Clem-
mings SM, Sakai T, et al. Transplantation of cultured islets
from two-layer preserved pancreases in type 1 diabetes with
anti-CD3 antibody. Am J Transplant. 2004;4(3):390-401.

129. Hering BJ, Kandaswamy R, Ansite JD, Eckman PM,
Nakano M, Sawada T, et al. Single-donor, marginal-dose
islet transplantation in patients with type 1 diabetes.
JAMA. 2005;293(7):830-5.

130. Froud T, Ricordi C, Baidal DA, Hafiz MM, Ponte G, Cure
P, et al. Islet transplantation in type 1 diabetes mellitus
using cultured islets and steroid-free immunosuppression:
Miami experience. Am J Transplant. 2005;5(8):2037-46.

131. Mineo D, Ricordi C, Xu X, Pileggi A, Garcia-Morales R,
KhanA, et al. Combined islet and hematopoietic stem cell
allotransplantation: a clinical pilot trial to induce
chimerism and graft tolerance. Am J Transplant.
2008;8(6):1262-74.

132. Froud T, Baidal DA, Faradji R, Cure P, Mineo D, Selvaggi
G, et al. Islet transplantation with alemtuzumab induction
and calcineurin-free maintenance immunosuppression re-
sults in improved short- and long-term outcomes. Trans-
plantation. 2008;86(12):1695-701.

133. Muller YD, Gupta S, Morel P, Borot S, Bettens F,
Truchetet ME, et al. Transplanted human pancreatic islets
after long-term insulin independence. Am J Transplant.
2013;13(4):1093-7.

134. Paraskevas S, Aikin R, Maysinger D, Lakey JR, Ca-
vanagh TJ, Hering B, et al. Activation and expression of
ERK, JNK, and p38 MAP-kinases in isolated islets of
Langerhans: implications for cultured islet survival. FEBS
Lett. 1999;455(3):203-8.

135. Abdelli S, Ansite J, Roduit R, Borsello T, Matsumoto I,
Sawada T, et al. Intracellular stress signaling pathways ac-
tivated during human islet preparation and following
acute cytokine exposure. Diabetes. 2004;53(11):2815-23.

136. Abdelli S, Abderrahmani A, Hering BJ, Beckmann JS,
Bonny C. The c-Jun N-terminal kinase JNK participates
in cytokine- and isolation stress-induced rat pancreatic
islet apoptosis. Diabetologia. 2007;50(8):1660-9.

137. Bottino R, BalamuruganAN, Tse H, Thirunavukkarasu C,
Ge X, Profozich J, et al. Response of human islets to iso-
lation stress and the effect of antioxidant treatment. Dia-
betes. 2004;53(10):2559-68.

138. Fornoni A, Pileggi A, Molano RD, Sanabria NY, Tejada T,
Gonzalez-Quintana J, et al. Inhibition of c-jun N terminal ki-
nase (JNK) improves functional beta cellmass in human islets
and leads to AKT and glycogen synthase kinase-3 (GSK-3)
phosphorylation. Diabetologia. 2008;51(2):298-308.

139. Pileggi A, Ribeiro MM, Hogan AR, Molano RD, Co-
bianchi L, Ichii H, et al. Impact of pancreatic cold preser-
vation on rat islet recovery and function. Transplantation.
2009;87(10):1442-50.

140. Moberg L, Johansson H, Lukinius A, Berne C, Foss A,
Kallen R, et al. Production of tissue factor by pancreatic
islet cells as a trigger of detrimental thrombotic reactions
in clinical islet transplantation. Lancet. 2002;360(9350):
2039-45.

141. Piemonti L, Leone BE, Nano R, Saccani A, Monti P,
Maffi P, et al. Human pancreatic islets produce and se-
crete MCP-1/CCL2: relevance in human islet transplan-
tation. Diabetes. 2002;51(1):55-65.

142. Bertuzzi F, Marzorati S, Maffi P, Piemonti L, Melzi R, de
Taddeo F, et al. Tissue factor and CCL2/monocyte
chemoattractant protein-1 released by human islets affect
islet engraftment in type 1 diabetic recipients. J Clin En-
docrinol Metab. 2004;89(11):5724-8.

143. Melzi R, Piemonti L, Nano R, Clissi B, Calori G, Anto-
nioli B, et al. Donor and isolation variables associated
with human islet monocyte chemoattractant protein-1 re-
lease. Transplantation. 2004;78(10):1564-7.

144. Marzorati S, Antonioli B, Nano R, Maffi P, Piemonti L,
Giliola C, et al. Culture medium modulates proinflam-
matory conditions of human pancreatic islets before trans-
plantation. Am J Transplant. 2006;6(11):2791-5.

145. Barbe-Tuana FM, Klein D, Ichii H, Berman DM, Coffey
L, Kenyon NS, et al. CD40-CD40 ligand interaction acti-
vates proinflammatory pathways in pancreatic islets. Di-
abetes. 2006;55(9):2437-45.

146. Farney AC, Xenos E, Sutherland DE, Widmer M,
Stephanian E, Field MJ, et al. Inhibition of pancreatic islet
beta cell function by tumor necrosis factor is blocked by
a soluble tumor necrosis factor receptor. Transplant Proc.
1993;25(1 Pt 2):865-6.

147. Bottino R, Fernandez LA, Ricordi C, Lehmann R, Tsan
MF, Oliver R, et al. Transplantation of allogeneic islets of
Langerhans in the rat liver: effects of macrophage deple-
tion on graft survival and microenvironment activation.
Diabetes. 1998;47(3):316-23.

148. Faradji RN, Tharavanij T, Messinger S, Froud T, Pileggi
A, Monroy K, et al. Long-term insulin independence and
improvement in insulin secretion after supplemental islet
infusion under exenatide and etanercept. Transplantation.
2008;86(12):1658-65.

149. TakitaM,Matsumoto S, ShimodaM,ChujoD, ItohT, Sorelle
JA, et al. Safety and tolerability of the T-cell depletion proto-
col coupledwith anakinra and etanercept for clinical islet cell
transplantation. Clin Transplant. 2012;26(5):E471-84.

150. Bennet W, Sundberg B, Groth CG, Brendel MD, Brand-
horst D, Brandhorst H, et al. Incompatibility between
human blood and isolated islets of Langerhans: a finding
with implications for clinical intraportal islet transplanta-
tion? Diabetes. 1999;48(10):1907-14.

151. CitroA, Cantarelli E, Maffi P, Nano R, Melzi R, Mercalli
A, et al. CXCR1/2 inhibition enhances pancreatic islet
survival after transplantation. J Clin Investig.
2012;122(10):3647-51.

152. Tanioka Y, Sutherland DE, Kuroda Y, Gilmore TR, Asa-
heim TC, Kronson JW, et al. Excellence of the two-layer
method (University of Wisconsin solution/perfluoro-
chemical) in pancreas preservation before islet isolation.
Surgery. 1997;122(2):435-41; discussion 41-2.

153. KurodaY, Kawamura T, SuzukiY, Fujiwara H,Yamamoto
K, Saitoh Y.A new, simple method for cold storage of the
pancreas using perfluorochemical. Transplantation.
1988;46(3):457-60.

154. Kawamura T, Kuroda Y, Suzuki Y, Fujiwara H, Fujino Y,
Yamamoto K, et al. Seventy-two-hour preservation of the
canine pancreas by the two-layer (Euro-Collins’ solu-
tion/perfluorochemical) cold storage method. Transplan-
tation. 1989;47(5):776-8.

155. Tsujimura T, Kuroda Y, Kin T, Avila JG, Rajotte RV, Kor-
butt GS, et al. Human islet transplantation from pancreases
with prolonged cold ischemia using additional preservation
by the two-layer (UW solution/perfluorochemical) cold-
storage method. Transplantation. 2002;74(12):1687-91.

156. Ricordi C, Fraker C, Szust J, Al-Abdullah I, Poggioli R,
Kirlew T, et al. Improved human islet isolation outcome
from marginal donors following addition of oxygenated
perfluorocarbon to the cold-storage solution. Transplan-
tation. 2003;75(9):1524-7.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 21



157. Ichii H,Wang X, Messinger S,AlvarezA, Fraker C, Khan
A, et al. Improved human islet isolation using nicoti-
namide. Am J Transplant. 2006;6(9):2060-8.

158. Kuroda Y, Suzuki Y, Kawamura T, Fujiwara H, Ashida T,
Matsuo M, et al. Pancreatic secretory trypsin inhibitor as
a marker for early detection of rejection in canine pan-
creas allotransplantation. Transplantation. 1988;46(4):
493-5.

159. Lakey JR, Helms LM, Kin T, Korbutt GS, Rajotte RV,
Shapiro AM, et al. Serine-protease inhibition during islet
isolation increases islet yield from human pancreases with
prolonged ischemia. Transplantation. 2001;72(4):565-70.

160. Heiser A, Ulrichs K, Muller-Ruchholtz W. Isolation of
porcine pancreatic islets: low trypsin activity during the
isolation procedure guarantees reproducible high islet
yields. J Clin Lab Anal. 1994;8(6):407-11.

161. Noguchi H, Ueda M, Hayashi S, Kobayashi N, Okitsu T,
Iwanaga Y, et al. Comparison of trypsin inhibitors in
preservation solution for islet isolation. Cell Transplant.
2009;18(5):541-7.

162. Basir I, van der Burg MP, Scheringa M, Tons A, Bouw-
man E. Improved outcome of pig islet isolation by Pefa-
bloc inhibition of trypsin. Transplant Proc. 1997;29(4):
1939-41.

163. Lakey JR, Warnock GL, Shapiro AM, Korbutt GS, Ao Z,
Kneteman NM, et al. Intraductal collagenase delivery into
the human pancreas using syringe loading or controlled
perfusion. Cell Transplant. 1999;8(3):285-92.

164.Weber CJ, Hardy MA, Pi-Sunyer F, Zimmerman E,
Reemtsma K. Tissue culture preservation and intramus-
cular transplantation of pancreatic islets. Surgery.
1978;84(1):166-74.

165. Reemtsma K,Weber CJ, Pi-Sunyer FX, Lerner RL, Hardy
MA. Alternatives in pancreatic islet transplantation: tis-
sue culture studies. Diabetes. 1980;29 Suppl 1:45-51.

166. Rafael E, Tibell A, Ryden M, Lundgren T, Savendahl L,
Borgstrom B, et al. Intramuscular autotransplantation of
pancreatic islets in a 7-year-old child: a 2-year follow-
up. Am J Transplant. 2008;8(2):458-62.

167. Dardenne S, Sterkers A, Leroy C, Da Mata L, Zerbib P,
Pruvot FR, et al. Laparoscopic spleen-preserving distal
pancreatectomy followed by intramuscular autologous
islet transplantation for traumatic pancreatic transection
in a young adult. JOP. 2012;13(3):285-8.

168. Maffi P, Balzano G, Ponzoni M, Nano R, Sordi V, Melzi
R, et al. Autologous Pancreatic Islet Transplantation in
Human Bone Marrow. Diabetes. 2013.

169. Elliott RB, Escobar L, Tan PL, Muzina M, Zwain S,
Buchanan C. Live encapsulated porcine islets from a type
1 diabetic patient 9.5 yr after xenotransplantation. Xeno-
transplantation. 2007;14(2):157-61.

170. Basta G, Montanucci P, Luca G, Boselli C, Noya G, Bar-
baro B, et al. Long-term metabolic and immunological
follow-up of nonimmunosuppressed patients with type 1
diabetes treated with microencapsulated islet allografts:
four cases. Diabetes Care. 2011;34(11):2406-9.

171. Basta G, Calafiore R. Immunoisolation of pancreatic islet
grafts with no recipient’s immunosuppression: actual and
future perspectives. Curr Diab Rep. 2011;11(5):384-91.

172. Koblas T, Girman P, Berkova Z, Jirak D, Kriz J, Dovo-
lilova E, et al. Magnetic resonance imaging of intrahep-
atically transplanted islets using paramagnetic beads.
Transplant Proc. 2005;37(8):3493-5.

173. Kriz J, Jirak D, Girman P, Berkova Z, Zacharovova K,
Honsova E, et al. Magnetic resonance imaging of pancre-
atic islets in tolerance and rejection. Transplantation.
2005;80(11):1596-603.

174. Toso C, Vallee JP, Morel P, Ris F, Demuylder-Mischler S,
Lepetit-Coiffe M, et al. Clinical magnetic resonance im-
aging of pancreatic islet grafts after iron nanoparticle la-
beling. Am J Transplant. 2008;8(3):701-6.

175. Eriksson O, Eich T, Sundin A, Tibell A, Tufveson G, An-
dersson H, et al. Positron emission tomography in clinical
islet transplantation. Am J Transplant. 2009;9(12):2816-
24.

176. Faradji RN, Froud T, Messinger S, Monroy K, Pileggi A,
Mineo D, et al. Long-term metabolic and hormonal ef-
fects of exenatide on islet transplant recipients with allo-
graft dysfunction. Cell Transplant. 2009;18(10):1247-59.

177. Froud T, Faradji RN, Pileggi A, Messinger S, Baidal DA,
Ponte GM, et al. The use of exenatide in islet transplant
recipients with chronic allograft dysfunction: safety, effi-
cacy, and metabolic effects. Transplantation. 2008;86(1):
36-45.

178. Froud T, Yrizarry JM, Alejandro R, Ricordi C. Use of D-
STAT to prevent bleeding following percutaneous tran-
shepatic intraportal islet transplantation. Cell Transplant.
2004;13(1):55-9.

179. Cechin SR, Perez-Alvarez I, Fenjves E, Molano RD, Pi-
leggiA, Berggren PO, et al. Anti-inflammatory properties
of exenatide in human pancreatic islets. Cell Transplant.
2012;21(4):633-48.

180. GangemiA, Salehi P, Hatipoglu B, Martellotto J, Barbaro
B, Kuechle JB, et al. Islet transplantation for brittle type
1 diabetes: the UIC protocol. Am J Transplant.
2008;8(6):1250-61.

181. Toso C, Edgar R, Pawlick R, Emamaullee J, Merani S,
Dinyari P, et al. Effect of different induction strategies on
effector, regulatory and memory lymphocyte sub-popula-
tions in clinical islet transplantation. Transpl Int.
2009;22(2):182-91.

182. Balzano G, Maffi P, Nano R, ZerbiA, Venturini M, Melzi
R, et al. Extending indications for islet autotransplanta-
tion in pancreatic surgery. Ann Surg. 2013; in press.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming22



201 $ CORRECTION OF DUCHENNE
MUSCULAR DYSTROPHY BY GENOME
EDITING WITH ENGINEERED NUCLEASES

Charles A. Gersbach
Department of Biomedical Engineering,
Duke University, Durham, NC, United States

Duchenne Muscular Dystrophy (DMD) is a relatively
common degenerative disease that results from muta-
tion of the gene encoding the dystrophin protein. The
genetic nature of DMD has led to substantial interest in
gene therapy-based approaches to this disease, includ-
ing several clinical trials. However, these therapies typ-
ically require the random integration of exogenous
DNA into the genome or the lifelong re-administration
of transient gene therapy vectors, both of which have
significant safety and practical concerns. Furthermore,
these strategies have been limited by an inability to de-
liver the large and complex dystrophin gene sequence.
An exciting alternative to these approaches is the tar-
geted editing of the human genome to repair the en-
dogenous mutant dystrophin gene. This concept
represents a potential cure to DMD without the need
for random integration of or repeated exposure to for-
eign biological material.

The focus of our work is to develop and implement
strategies for directed modification of the genome for the
treatment of genetic disorders. Engineered nucleases, in-
cluding zinc finger nucleases (ZFNs), TALE nucleases
(TALENs), and CRISPR/Cas9 constitute powerful tools
for coordinating the site-specific manipulation of ge-
nomic DNA sequences. The ZFN and TALEN technolo-
gies have been developed by biomolecular engineering

of novel enzymes comprised of synthetic DNA-binding
domains fused to the catalytic domain of a restriction en-
donuclease. Engineering of the DNA-binding domain to
target specific sites in the human genome can be used to
direct nuclease activity and endogenous DNA repair ma-
chinery to any locus of interest. More recently, the RNA-
guided nuclease Cas9, which has natural role in bacterial
adaptive immunity, has been used in human cells as a
method to direct nuclease activity to new targets without
protein engineering. Using any of these systems, site-
specific nuclease-mediated DNA cleavage can be used
to frameshift or excise gene sequences via DNA re-liga-
tion. Alternatively, DNA sequences can be added or ex-
changed at targeted loci via the nuclease-mediated
enhancement of homologous recombination. Our goal is
to use these genome editing technologies to repair mu-
tated DNA sequences responsible for genetic diseases
such as DMD.

We have engineered and optimized ZFNs, TALENs,
and CRISPR/Cas9 systems that can mediate efficient
manipulation of the dystrophin gene sequence in human
cells. This includes the direct correction mutations or the
introduction of dystrophin cDNA into the endogenous
dystrophin locus under control of the natural promoter.
We have used these approaches to restore dystrophin ex-
pression in human muscle progenitor cells derived from
DMD patients as well as dermal fibroblasts that can be
reprogrammed to the myogenic lineage. Substantial lev-
els of dystrophin are expressed in the DMD cells fol-
lowing genetic correction. We further show that these
nucleases are non-toxic with minimal off-target effects.
Corrected cells have been transplanted into immunode-
ficient mice. This project represents an exciting new av-
enue for DMD therapy that can permanently correct the
underlying genetic mutations.
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202 $ ENGINEERING IMMUNOLOGICAL
TOLERANCE

Jeffrey A. Hubbell
Ecole Polytechnique Fédérale de Lausanne (EPFL),
Lausanne, Switzerland

Prophylactic and therapeutic induction of antigen-spe-
cific immune tolerance has potential value in protein
replacement therapies, cell transplant therapies, and
prevention and treatment of autoimmunity. For exam-
ple, in protein replacement therapy, a patient usually
expresses a mutant form of the protein of interest (for
example, factor VIII in hemophilia A), or expresses
no protein at all, and as such the patient has not de-
veloped immunological tolerance to the replacement
form and frequently develops immunity versus the re-
placed protein (approx. 30% incidence in factor VIII).
As another example, in type 1 diabetes, the patient de-
veloped humoral and more importantly cellular au-
toimmunity versus pancreatic islet beta cell antigens.
Thus, there exists a pressing need for antigen-specific
tolerogenic vaccine technology to deliver such anti-
gens (e.g., factor VIII prophylactically to induce pre-
treatment tolerance; islet antigens therapeutically to
re-introduce tolerance after early presentation of the
disease).

Antigens derived from apoptotic cells are known to
drive tolerance via deletion or anergy of reactive T cells.
Reasoning that a large number of erythrocytes become
apoptotic (eryptotic) and are cleared each day, we engi-
neered a strategy to bind antigen to erythrocytes in situ
with high affinity and specificity after intravenous in-
jection, conjugating a glycophorin-A-binding peptide
that we discovered by phage display to the antigen.
Using a transgenic T cell model in the mouse sensitive to
the model antigen ovalbumin, we demonstrate that ery-
throcyte-binding antigen bioconjugate (ERY1-OVA) in-
duces extensive CD8+ T cell cross-priming, leading to an
apoptotic and exhausted fate. Furthermore, mice toler-
ized with ERY1-OVA induced far fewer OVA-specific
cytotoxic IFN-γ+ CD8+ T cell responses compared with
OVA-tolerized mice following antigen challenge with a
potent adjuvant. Tolerization with ERY1-OVA also pro-
moted growth of OVA-expressing transplanted cells in
mice immunized against OVA, indicating functional in-
hibition of CTL generation.

Erythrocyte binding also attenuated humoral immune
reactions. The E. coli protein asparaginase (ASNase) is
used to treat acute lymphoblastic leukemia, yet immune
recognition of the microbial protein limits its efficacy
and safety. ERY1-ASNase induced at least 4 orders of
magnitude lower humoral immune response after mul-
tiple dosing in mice than the wild-type ASNase. More-
over, pre-tolerization with ERY1-ASNase ameliorated
immunity to subsequent treatment, resulting in 6000-
fold lower antibody titers than in the absence of pre-to-
lerization.

Thus, we report a novel biomolecular approach to hi-
jack the body’s mechanisms in maintenance of tolerance
to apoptotic erythrocytes to induce deletional tolerance to
an exogenous erythrocyte-binding antigen to create a
technology for antigen-specific tolerogenic vaccina-
tion. Prophylactic and therapeutic induction of antigen-
specific immune tolerance has potential value in protein
replacement therapies, cell transplant therapies, and pre-
vention and treatment of autoimmunity. For example, in
protein replacement therapy, a patient usually expresses
a mutant form of the protein of interest (for example, fac-
tor VIII in hemophilia A), or expresses no protein at all,
and as such the patient has not developed immunologi-
cal tolerance to the replacement form and frequently de-
velops immunity versus the replaced protein (approx.
30% incidence in factor VIII). As another example, in
type 1 diabetes, the patient developed humoral and more
importantly cellular autoimmunity versus pancreatic islet
beta cell antigens. Thus, there exists a pressing need for
antigen-specific tolerogenic vaccine technology to de-
liver such antigens (e.g., factor VIII prophylactically to
induce pre-treatment tolerance; islet antigens therapeuti-
cally to re-introduce tolerance after early presentation of
the disease).

Antigens derived from apoptotic cells are known to
drive tolerance via deletion or anergy of reactive T cells.
Reasoning that a large number of erythrocytes become
apoptotic (eryptotic) and are cleared each day, we engi-
neered a strategy to bind antigen to erythrocytes in situ
with high affinity and specificity after intravenous in-
jection, conjugating a glycophorin-A-binding peptide
that we discovered by phage display to the antigen.
Using a transgenic T cell model in the mouse sensitive to
the model antigen ovalbumin, we demonstrate that ery-
throcyte-binding antigen bioconjugate (ERY1-OVA) in-
duces extensive CD8+ T cell cross-priming, leading to an
apoptotic and exhausted fate. Furthermore, mice toler-
ized with ERY1-OVA induced far fewer OVA-specific
cytotoxic IFN-γ+ CD8+ T cell responses compared with
OVA-tolerized mice following antigen challenge with a
potent adjuvant. Tolerization with ERY1-OVA also pro-
moted growth of OVA-expressing transplanted cells in
mice immunized against OVA, indicating functional in-
hibition of CTL generation.

Erythrocyte binding also attenuated humoral immune
reactions. The E. coli protein asparaginase (ASNase) is
used to treat acute lymphoblastic leukemia, yet immune
recognition of the microbial protein limits its efficacy
and safety. ERY1-ASNase induced at least 4 orders of
magnitude lower humoral immune response after multi-
ple dosing in mice than the wild-type ASNase. Moreover,
pre-tolerization with ERY1-ASNase ameliorated immu-
nity to subsequent treatment, resulting in 6000-fold
lower antibody titers than in the absence of pre-toleriza-
tion.

Thus, we report a novel biomolecular approach to hi-
jack the body’s mechanisms in maintenance of toler-
ance to apoptotic erythrocytes to induce deletional
tolerance to an exogenous erythrocyte-binding antigen
to create a technology for antigen-specific tolerogenic
vaccination.
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204 $ EFFECT OF DNA DEMETHYLATION
ON MYOBLASTS DIFFERENTIATION
AND MYOGENESIS

Pamela Senesi1, Livio Luzi1,2, Anna Montesano1,
Ileana Terruzzi3

1Department of Biomedical Sciences for Health,
University of Milan;
2Research Centre, San Donato Hospital and Scien8fic
Ins8tute, San Donato Hospital and Scien8fic Ins8tute;
3Nutri8on-Metabolism Unit, San Raffaele Scien8fic Ins8tute;
Milan, Italy

Skeletal muscle regeneration and hypertrophy are impor-
tant adaptive responses to both physical activity and patho-
logical stimuli. This research was performed to investigate
the action of DNA demethylation on the late phase of mus-
cle differentiation and early stage of hypertrophy.

The epigenetic process involved in myogenesis was
studied with the DNA-demethylating agent 5-azacytidine
(AZA). We induced muscle differentiation in C2C12
mouse myoblasts in presence of 5µM AZA and growth
(GM) or differentiation (DM) medium for 48, 72 and 96
hours. To study a potential AZA hypertrophic effect, we
stimulated 72h differentiated myotubes with AZA for 24h.
Unstimulated cells were used as control. By Western blot
and immunofluorescence analysis, we examined AZA ac-
tion on myogenic regulatory factors expression, hyper-
trophic signaling pathway and myotube morphology.

During differentiation, protein levels of myogenic
markers, Myf6 and Myosin Heavy Chain (MyHC), were
higher in AZA stimulated cells compared to control.
Myostatin and p21 analysis revealed morphological
changes which reflect a tendency to hypertrophy in my-
otubes. In AZA stimulated neo formed myotubes, we ob-
served that IGF-1 pathway, kinases p70 S6 and 4E-BP1
were activated. Furthermore, AZA treatment increased
MyHC protein content in stimulated neo myotubes.

Our work demonstrates that DNA demethylation could
play an important role in promoting the late phase of myo-
genesis, activating endocellular pathways involved in pro-
tein increment and stimulating the hypertrophic process.

205 $ EXHAUSTION OF MUSCLE
PROGENITOR CELLS DURING AGING
& DISEASE:
IMPLICATION FOR STEM CELL THERAPY

Johnny Huard
University of Pi9sburgh, Pi9sburgh, United States

Aging is characterized by the progressive erosion of tis-
sue homeostasis and functional reserve in all organ sys-
tems. Although controversy remains as to the molecular
mechanism(s) underlying the process of aging, accumu-
lated cellular damage, including DNA damage, appears
to be a major determinant of lifespan as well as age-re-

lated pathologies. Moreover, there is evidence that the
accumulation of damage in stem cells renders them de-
fective for self-renewing and regenerating damaged tis-
sues. We have recently demonstrated that a population
of muscle progenitor cells(MPCs) isolated from the
ERCC1-deficient mouse model of accelerated aging, are
defective in their proliferation abilities, differentiation
capacity and resistance to oxidative stress. We have ob-
served that intraperitoneal (IP) injections of wild-type
(WT)-MPCs into Ercc1 knockout (Ercc1-/-) mice re-
sulted in an improvement in age related pathologies. Al-
though the mechanisms by which the transplantation of
WT-MPCs extend the lifespan of these progeria mice is
still under investigation, we have obtained evidence that
the beneficial effect imparted by the injected cells occur
through a paracrine effect that involve angiogenesis.

Duchenne muscular dystrophy (DMD) is a fatal ge-
netic disease characterized by a deficiency in dystrophin
and the progressive wasting of the patient’s muscles.
Current treatments for DMD have centered on the
restoration of dystrophin; however, they were fraught
with serious limitations. Interestingly, DMD patients
lack dystrophin from the time of birth; however, the
onset of muscle weakness only becomes apparent at 4-
7 years of age, which happens to coincide with the ex-
haustion of the muscle progenitor cell (MPC) pool.
There are several lines of evidence that support this con-
cept including the gradual impairment of the myogenic
potential of MPCs isolated from DMD patients during
aging which results in a reduction of muscle regenera-
tion in older DMD patients. In contrast to that observed
with MPCs isolated from the mdx mice (dystrophin de-
ficient and mild phenotype), we have recently shown a
defect in the MPCs isolated from double Knock-Out
(dKO) mouse (dystrophin/utrophin deficient and se-
verely affected). We have recently observed that the
MPC defect from the dKO mouse model appears to be
age dependent and not specific to MPC since other stem
cell population also appears to be affected. These results
taken together support the concept that the rapid disease
progression associated with the dKO model, is related to
a defect in the stem cell pool, as observed in DMD pa-
tients. We have also obtained preliminary data indicat-
ing that the defect in dKO-MPC appears to be related, at
least in part, to the notch and NF-kB signaling pathway,
negative regulator of myogenesis and muscle growth.
Our recent works indicate that stem cell defect in dKO
mice, not only leads to muscle abnormalities and weak-
ness but also to other abnormalities of the muscu-
loskeletal system, including bone morphology and
healing capacity. We have investigated potential ap-
proaches to rescue the defect in dKO MPCs by blocking
the notch pathway as well as the inflammatory mediator
and negative regulator of muscle growth, NF-kB in vitro
and potentially rescue the overall histopathology of the
dKO mice after MPC implantation in vivo. This tech-
nology could be very helpful for altering DMD pro-
gression through the reduction of stem cell exhaustion
and modulation of inflammation.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 25



206 $ NOVEL APPROACH TO PLURIPOTENCY
AND CARDIOVASCULAR COMMITMENT:
THE USE OF RADIO ELECTRIC CONVEYED
FIELDS AND HUMAN ADIPOSE$DERIVED
STEM CELLS OBTAINED WITH A NON$
ENZYMATIC METHOD

Carlo Ventura
University of Bologna / Na8onal Ins8tute of Biostructures
and Biosystems (NIBB), Bologna, Italy

Human adipose-derived stem cells (hASCs) may repre-
sent a suitable tool for regenerative therapies due to their
simple isolation procedure, and high proliferative capa-
bility in culture. We have recently developed a novel
non-enzymatic method and device, named Lipogems, to
obtain a fat tissue-derived stromal vascular fraction
highly enriched in pericytes/mesenchymal stem cells by
mild mechanical forces from human lipoaspirates. When
compared to enzymatically dissociated cells, Lipogems-
derived hASCs exhibited enhanced transcription of vas-
culogenic genes in response to pro-vasculogenic
molecules, suggesting that these cells may be amenable
for further optimization of their pluripotency.

We exposed Lipogems-derived hASCs to a Radio Elec-
tric Asymmetric Conveyer (REAC), an innovative device
asymmetrically conveying radio electric fields, affording
both pluripotency optimization in mouse embryonic stem
cells, and efficient direct multi-lineage reprogramming in
human skin fibroblasts. We show that specific REAC ex-
posure remarkably enhanced the transcription of pro-
dynorphin, GATA4, Nkx2.5, VEGF, HGF, vWF,
neurogenin1 and myoD, indicating the commitment to-
wards cardiac, vascular, neuronal and skeletal muscle lin-
eages, as inferred by the overexpression of a program of
targeted marker proteins. REAC exposure also finely tuned
the expression of pluripotency genes, including Nanog,
Sox2, and Oct4. Noteworthy, the REAC induced responses
were fashioned at a significantly higher extent in Li-
pogems-derived than in enzymatically-dissociated hASCs.

In conclusion, the interplay between radio electric
asymmetrically conveyed fields and Lipogems-derived
hASCs appears to involve the generation of an ideal “mi-
lieau” to optimize pluripotency expression from human
adult stem cells, paving the way to unprecedented cell
therapy perspectives.

207 $ CARDIAC STROMAL CELLS
AND HEART REGENERATION
Maurizio Capogrossi
Is8tuto Dermopa8co dell’Immacolata (IDI), Is8tuto di Ricovero
e Cura a Cara9ere Scien8fico (IRCCS), Rome, Italy

Aims: Bone marrow mesenchymal stromal cell
(BMStC) transplantation into the infarcted heart im-

proves left ventricular function and cardiac remodel-
ing. However, it has been suggested that tissue-specific
cells may be better for cardiac repair than cells from
other sources. The objective of the present work has
been the comparison of in vitro and in vivo properties of
adult human cardiac stromal cells (CStC) to those of
syngeneic BMStC.
Methods and Results: Although CStC and BMStC

exhibited a similar immunophenotype, their gene, mi-
croRNA, and protein expression profiles were remark-
ably different. Biologically, CStC, compared with
BMStC, were less competent in acquiring the adi-
pogenic and osteogenic phenotype but more efficiently
expressed cardiovascular markers. When injected into
the heart, in rat a model of chronic myocardial infarc-
tion, CStC persisted longer within the tissue, migrated
into the scar, and differentiated into adult cardiomy-
ocytes better than BMStC.
Conclusions: Although CStC and BMStC share a

common stromal phenotype, CStC present cardiovascu-
lar-associated features and may represent an important
cell source for more efficient cardiac repair.

208 $ PRETRANSPLANT INFUSION OF
DONOR STEM CELLS OPENS GATEWAY
TO TOLERANCE ASSOCIATED WITH
INDUCTION OF REGULATORY T$CELLS $
SINGLE CENTRE EXPERIENCE IN LIVING
DONOR RENAL TRANSPLANTATION

Hargovind Trivedi1, Aruna Vanikar2, Shru6 Dave2,
Vivek Kute1, Himanshu Patel1, Manoj Gumber1,
Pankaj Shah1

1Department of Nephrology and Transplanta8on Medicine;
2Department of Pathology, Laboratory Medicine, Transfusion
Services and Immunohematology; G. R. Doshi and K. M. Mehta
Ins8tute Of Kidney Diseases & Research Centre (IKDRC)- Dr. H.L.
Trivedi Ins8tute Of Transplanta8on Sciences (ITS), Ahmedabad, India

Introduction: Transplantation tolerance is a state in
which there is a lack of a destructive immune response
by the recipient towards a well-functioning donor organ
in the absence of maintenance immunosuppression and
with a fully intact immune system. Limited long-term
success has been achieved in transplant tolerance using
hematopoietic stem cells (HSCs) and/or conditioning reg-
imen. However dataregarding stem cell infusion (SCI) as-
sociated with tolerance induction in renal transplantation
(RTx) is still sparse. We designed a prospective trial in a
cohort of live-donor RTx (LDRT) patients subjected to
pre-transplant SCI to test its tolerance promoting effects.
Materials and Methods: Ninety patients (81 males,

9 females) with mean age 32.2 years and donor-recipi-
ent HLA match, 2.81 who were subjected to pretrans-
plant donor SCI of HSC and adipose tissue derived
mesenchymal stem cells (AD-MSC) under non-mye-
loablative conditioning of cyclophosphamide, rabbit-
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antithymocyte globulin and rituximab with total lym-
phoid irradiation/ Bortezomib were included in the
study. Commonest cause of end stage renal failure was
chronic glomerulonephritis in 45.6%, chronic
pyelonephritis in 25.6% and hypertensive nephropathy
in 10%. Patients with diabetes, unwillingness, HIV,
hepatitis C/B were excluded. Mean quantum of SC in-
fused was 250 ml, with mean CD34+ 2.1 x 106/kg
body-weight (kgBW), mean CD45-/90+ 4.4 x 104

/kgBW and CD45-/73+ 0.67 x 104/kgBW. There were
no untoward effects of SCI/ conditioning. Immune
monitoring included donor specific antibodies (DSA)
by luminex assay and peripheral regulatory T-cell
(pTregs) [CD4+CD25highCD127neg/low] by flow-cytome-
try. Peripheral blood lymphohematopoietic chimerism
was evaluated by fluorescent in-situ hybridization in
subset of patients with gender-mismatched donors.Ini-
tial maintenance immunosuppression was calcineurin-
inhibitor based, to be discontinued with stable graft
function and absence of rejection episodes. Graft
biopsy was performed after 100 days of immunosup-
pression withdrawal in willing patients (protocol
biopsy) or, for graft dysfunction. Rejections were
treated by standard anti-rejection therapy followed by
rescue immunosuppression.
Results: SCI was safe and no untoward effect of condi-

tioning was observed. No patient/graft was lost. All im-
munosuppression except Prednisone has been successfully
withdrawn for mean 2 years in all 90 patients. Their mean
serum creatinine (SCr) of 1.4 mg/dL and p-Tregs, 3.63%
has remained stable after withdrawal. DSA are absent in
32%, present in 54.4% and reports awaited in 13.3% pa-
tients. Chimerism was not always associated with clinical
tolerance. Protocol biopsies were performed in 45 willing
patients and 93.3% were unremarkable. Rescue immuno-
suppression was started in 6.7% patients after anti-rejec-
tion therapy. Their present mean SCr is 1.7 mg/dL.
Conclusions: Pre-transplant SCI leads to stable graft

function with safe minimization of immunosuppression
in living donor renal transplantation associated with in-
duction of pTregs [CD4+CD25highCD127neg/low]. MSC
may serve as novel, safe and effective immunomodula-
tors in clinical transplantation.

209 $ MESENCHYMAL STEM CELLS
PRECONDITIONED WITH
PROINFLAMMATORY CYTOKINES
ENHANCE T CELL INHIBITION BY THE
DOWNREGULATION OF CD25 ON
ACTIVATED T CELLS, EXPRESSION OF
IMMUNOSUPPRESSIVE FACTORS AND
INCREASE OF REGULATORY T CELLS

Kisha N Sivanathan1,2, Christopher M Hope1,2,
Robert Carroll1,4, Stan Gronthos3, P. Toby Coates1,2,4

2Medicine, University of Adelaide;
1Clinical and Experimental Transplanta8on Group,
Royal Adelaide Hospital;

4Central Northern Adelaide Renal Transplanta8on Service,
Royal Adelaide Hospital;
3Mesenchymal Stem Cell Group, Department of Hematology,
SA Pathology; Adelaide, Australia

Mesenchymal stem cells (MSC) require sufficient
threshold of proinflammatory cytokines to activate their
immunosuppressive function in vivo. Hence, we aimed
to modify human bone marrow derived MSC with
proinflammatory cytokines as a strategy to enhance
MSC immunosuppression on T cells. To investigate the
effect of exogenous proinflammatory cytokines on MSC
immunosuppression, MSC were co-cultured with T cells
activated by the mitogen phytohemagglutinin (PHA).
The exogenous addition of interferon-gamma (IFN-γ),
tumor necrosis factor-alpha (TNF-α), interleukin-1β
(IL-1β), IL-2, IL-12p70 and IL-17A to these co-cultures
antagonised MSC-mediated immunosuppression of T
cells. However, when MSC were preconditioned with
the following cytokines for 5 days, they displayed
greater immunosuppressive properties on T cell prolif-
eration by 14.8%, 22.2%, 17.1%, 23.2%, 17.2% and
27.7%, respectively, compared to unmodified-MSC
(UT:MSC). Only the IFN-γ modified-MSC (MSC-γ)
showed upregulation of the T cell negative co-stimula-
tory molecule programme-death ligand-1 (PD-L1). The
neutralisation of PD-L1 however failed to restore T cell
proliferative responses suggesting a partial but non-ex-
clusive role of PD-L1 in MSC-γ immunosuppression.
IL-6 gene expression significantly increased in the TNF-
α and IL-1β-modified MSC. MSC-γ and TNF-α-
modified MSC upregulated prostaglandin-2 gene
expression relative to UT:MSC and significantly in-
duced the indoleamine 2,3-dioxygenase gene expression
in MSC. The gene expression of transforming growth
factor beta-1 (TGF-β1) was unaffected following cy-
tokine modification of MSC. Both the UT:MSC and the
cytokine modified MSC showed no detectable levels of
IL-10 following 5 days of culture. Furthermore, MSC-γ
showed greatest reduction in the T cell activation marker
CD25 on CD3+ T cells while the IL-17 preconditioned
MSC (MSC-17) reduced CD25 levels comparable to
UT:MSC. These MSC show a greater reduction of CD25
on CD8+ T cells than in the CD4+T cells. In addition, a
similar increase in proportion of CD3+CD4+

Foxp3+CD127lowCD25hi regulatory T cells (Tregs) was
observed in T cells co-cultured with UT:MSC and MSC-
17 compared to the PHA activated T cell control. A 2-
fold increase in the proportion of Tregs was evident in
the MSC-γ-T cell co-culture compared to UT:MSC
and MSC-17. In conclusion, preconditioning MSC
with proinflammatory cytokines enhances the thera-
peutic efficacy of MSC as immunosuppressive agents
via the downregulation of CD25 on activated T cells,
expression of inhibitory factors and increase of Tregs.
The mechanisms of enhanced MSC-mediated im-
munosuppressive effect on T cells were dependent on
the proinflammatory cytokines used for MSC modi-
fication.
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210 $ LOCALIZED IMMUNE MODULATION
WITH FINGOLIMOD FOR ALLOGENEIC
ISLET TRANSPLANTATION INTO A
BIOHYBRID DEVICE

R. Damaris Molano1, Carmen Fo6no1,
Ann-Chris6na Brady1, Nicola Bocca1,
Simona Marzora61, Elsie Zahr-Akrawi1,
Luca Inverardi1,2,3, Camillo Ricordi1,2,4,
Peter Buchwald1,5, Antonello Pileggi1,4

1Diabetes Research Ins8tute, University of Miami;
2Medicine, University of Miami Miller School of Medicine;
4Surgery, Microbiology and Immunology, Biomedical
Engineering, University of Miami;
5Molecular and Cellular Pharmacology, University of Miami
Miller School of Medicine;
3Microbiology & Immunology, University of Miami Miller
School of Medicine; Miami, FL, United States

Replacement of beta-cell function via intrahepatic islet
transplantation restores metabolic control in patients with
type 1 diabetes. The need for systemic immunosuppres-
sion and its associated untoward side effects currently
limit the indication of islet transplantation to the most
severe cases of instable diabetes. Tissue engineering is
opening new opportunities for the development of more
efficient biological treatments for diabetes. We have pre-
viously reported that transplantation of syngeneic islets
corrects diabetes into prevascularized, subcutaneous bio-
hybrid devices (BHD). To overcome the need for chronic
systemic immunosuppression, we sought to evaluate the
effects of localized immuno-suppression (LIS) on allo-
geneic islet allograft survival into BHD.

Allogeneic Wistar Furth (RT1u) rat islets were im-
planted into a pre-vascularized BHD with infusion port
in chemically-diabetic Lewis rats (RT1l) on day 0. In-
duction with IP anti-lymphocyte serum (ALS days -3)
was followed by daily oral administration of mycophe-
nolic acid (MPA 20 mg/kg/day) for 3 weeks alone or
combined with chronic fingolimod (15 ug/kg/day) de-
livered directly to the BHD’s lumen for the duration of
the follow-up starting on day 0. Control animals received
no treatment.

Control animals (n=5) rejected islet allografts with a
median of 9 (7-11) days. The induction protocol
(ALS+MPA) led to graft survivals of 29 (19-40) days
(n=5, p=0.002 vs. control). The combinatorial treatment
based on induction protocol plus chronic local fin-
golimod (n=9) significantly prolonged allograft survival
to 36 (26->67) days and long-term function in two ani-
mals (22%; >42 and >67 days, respectively) (p<0.0001
vs. controls). Notably, LIS reduced donor-specific anti-
gens responses of lymphocytes but did not alter third
party responses in mixed lymphocyte reactions and in
antiCD3/CD28 stimulation assay. Also, cellular compo-
sition (CD4, CD8, B cells, Macrophages) and activation
markers of the lymph nodes draining the devices, but not
in distal nodes, were altered in animals receiving LIS.

Our study demonstrates that prolonged islet allograft

survival can be achieved after transplantation into a BHD
by the means of local immunosuppression using doses
that are ~100 times lower than needed systemically. Our
approach may represent an appealing therapeutic strat-
egy to avoid the toxicity of systemic immunosuppression
for beta-cell replacement therapies in insulin-requiring
diabetes.
Supported by: Juvenile Diabetes Research Foundation

and Helmsley Charitable Trust (17-2012-361, 17-2010-
5, 4-2008-811), Diabetes Research Institute Foundation,
Converge Biotech, Inc., and Biorep, Inc.

211 $ CRITICAL ROLE OF ALLOGRAFT
INFILTRATING ROR GAMMA T POSITIVE
INNATE IMMUNE CELLS AND
HEMATOPOIETIC PROGENITOR CELLS

Zhigang Fan1, Keehoon Jung2, Seok Yun2,
Terry Strom1, Maria Koulmanda1

1Beth Israel Deaconess Medical Center, Harvard Medical School;
2Wellman Center for Photomedicine, Massachuse9s General
Hospital, Boston, MA, United States

Using a minimally invasive in vivo imaging system to
serially monitor fluorescence emitting T cell subtypes in-
filtrating islet allografts, we have now probed for the
presence of graft infiltrating CD4+ Th17 cells, charac-
terized by the expression of the nuclear transcription fac-
tor RORγt. Since Th17 cells are critical to the
pathogenesis of various autoimmune disorders, we sus-
pected that they might also play an essential role in allo-
graft rejection. However, rather than around the time of
allograft rejection (Mean Survival Time, MST=12 days),
peak infiltration by RORγt+ cells unexpectedly occurs
within the first 3 days post allogeneic islet or heart trans-
plantation. Additionally, the phenotype of the predomi-
nant graft infiltrating RORγt+ cells are neither CD4+ Th17
cells, nor TCR γδ T cells, iNKT cells, nor recently iden-
tified innate lymphoid cells (ILCs) subtypes, but a pre-
viously uncharacterized subtype of hematopoietic
progenitor cells that are lineage negative (Lin-) and
RORγt+. We subsequently demonstrate using both ge-
netic and pharmacological manipulations that that early
infiltrating unconventional Lin-RORγt+ cells may pow-
erfully promote allograft rejection. This effect is likely
due to the ability of RORγt+ cells to govern local in-
flammation. Strikingly, the phenotype of graft infiltrating
RORγt+ cells is amenable to pharmacological manipula-
tion with alpha 1 anti-trypsin (AAT). Either treatment
with AAT or use of RORγt deficient mice prolongs en-
graftment of islet allografts. Our data indicates an im-
portant extra-medullary role for Lin-RORγt+

hematopoietic progenitor cells in response tolocal injury
induced by inflammation and an important role for
RORγt gene expression in the response to allografts. Lin-

RORγt+hematopoietic progenitor cells may provide a
novel, unrecognized target for treatment of allograft re-
jection.
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212 $ HUMAN ENGINEERED MICRO$PAN$
CREATA &EMPS' SECRETE SIGNIFICANT AND
REGULATED LEVELS OF INSULIN FOR VERY
LONG PERIODS IN VITRO AND CAN RESCUE
HYPERGLYCEMIC MICE

Meygal Kahana1, Ronit Sionov1, Gershon Finesilver1,
Efrat Zlotkin1, Avigail Soroker1, Efgenia Alpert1,
Eduardo Mitrani1

1Cell and Developmental Biology, Hebrew University,
Jerusalem, Israel

Islet transplantation that aims to restore the insulin-pro-
ducing capacity of the patient has become an attractive
approach for the treatment of severe diabetes, ye, per-
haps the most challenging problem facing clinical islet
implantation is the inexorable loss of islet function in the
first 5 years post-implantation leading to only 10% of re-
cipients being insulin-free. This loss of function is not
completely understood but believed to be caused by a
combination of insufficient implanted β-cell mass, allo-
graft rejection, recurrent autoimmunity, incompatibility
of the islet implantation site, and immunosuppressive
regiments that are toxic to the islet grafts. Currently, a
large number of isolated human islets are transplanted in
severe cases of diabetes through the portal vein of the
patient, resulting in partial integration of the islets within
the liver. This procedure suffers from high percentage of
islet lost, in part, due to lack of a proper microenviron-
ment that is bound to be required for islet viability and
function. Therefore, there is a need to develop in vitro
natural three-dimensional structures that mimic the islet
tissue microenvironment prior to transplantation. We
here describe the preparation of engineered micro-pan-
creata (EMPs) that are made up of acellular organ-de-
rived micro-scaffolds seeded with human intact or
enzymatically dissociated islets. We show that EMPs se-
crete quantities of insulin per cell similar to fresh human
islets for more than three months in vitro in a glucose-
regulated manner. Notably, EMPs respond, even after
long periods in culture, by secreting increased amounts
of insulin when exposed to Exendin-4, Forskolin, Tolbu-
tamide, Glucagon-like peptide-1 (GLP-1) and Gastric in-
hibitory polypeptide (GIP). Quantitatively the amount of
insulin and Pdx-1 gene copies per cell are similar to those
transcribed by fresh normal human islets. We also report
that when implanted subcutaneously onto Streptozo-
tocin-treated hyperglycemic NOD-SCID the EMPs be-
come vascularized and can rescue the mice in a dose
response manner, with a total of 40 human Ieq on EMPs
being sufficient for obtaining normoglycemia. Speci-
ficity of action of the EMPS was established by removal
of the EMPs after 35 days and demonstrating reversal
back to the hyperglycemic state. EMPs could thus form
the bases for both an assay for “in vivo”-like human b-
cell function in the laboratory and as a future treatment
modality for cell transplantation in diabetes.
This work was supported by a special research grant

from Roche Pharmaceuticals to E.M.

213 $ OXYGEN GENERATING BIOMATERIAL
MITIGATES HYPOXIA INDUCED APOPTOSIS
ON PANCREATIC ISLETS
Maria Coronel1,2, Eileen Pedraza1,
Camillo Ricordi1,2,3,4, Cherie Stabler1,2,3

1Department of Biomedical Engineering;
2Diabetes Research Ins8tute;
3Department of Surgery;
4Department of Medicine; University of Miami, Miami, FL,
United States

Introduction: Cellular transplantation of tissue engi-
neering constructs is an attractive approach for the re-
placement or repair of damage tissue. Nevertheless, the
success of engineered tissues has been hindered by poor
oxygenation upon transplantation, due to the inevitable
delay in the vascularization process. Inadequate oxygen
delivery of cellular constructs leads to a necrotic core of
cells and a dysfunctional, pro-inflammatory environ-
ment. This is particularly challenging in constructs com-
prising highly metabolically active cells, such as
pancreatic islets. To mitigate this damage, we have de-
veloped an oxygen generating biomaterial capable of in
situ oxygenation of cellular implants1. Herein, we report
on the effect of this oxygen generating biomaterial on al-
leviating hypoxia-induced pancreatic islets apoptosis.
Methods: Oxygen generating disks (CaO2-PDMS)

were made as previously reported1. Rat pancreatic islets
were co-incubated with a blank PDMS disk (control) or
with CaO2-PDMS disk (treated) at normoxic (20%) or
hypoxic (1%) oxygen tensions and incubated for short
(8 hr) and long-term (24 hr) assessment. Analysis of the
HIF-1α target genes using RT-PCR was performed, as
well as protein assessment, western blotting, and live
dead imaging.
Results: Islets cultured in hypoxic conditions for long-

term incubation periods show stabilization and accumu-
lation of HIF-1α protein in control groups, compared to
treated, as seen by western blotting. Results for the ex-
pression of HIF-1α target genes in hypoxic controls
show an up-regulation of glycolytic enzymes such as,
phosphoglycerate kinase 1, pgk1, Lactate dehydrogenase
A, ldhA, Glucose transporter 1, GLUT1, as well as the
DNA damage protein, Ddit-4, when compared to the
treated hypoxic group in both the short and long-term in-
cubations. This up-regulation represents an increase in
oxidative stress, a shift to anaerobic metabolism, and in-
duced apoptosis in response to DNA damage. For pro-
angiogenic markers, the expected up-regulation of the
vascular endothelial growth factor A, VEGFA, in the hy-
poxic controls compared to the treated was observed in
the short-term (8 hr). Furthermore, there was a down-
regulation of pro-apoptotic genes BCL2-antagonist/killer
1, BAK, and BCL-2 associated X protein, BAX, in the hy-
poxic controls compared to treated, suggesting a shift to
BNIP3 mediated apoptosis, which resembles more a
necrotic pathway of cell death. Live/dead imaging of hy-
poxic controls presented fragmented islets with exten-
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sive dead cells. In contrast, treated hypoxic group
showed large, morphologically intact islets comparable
to normoxic controls.
Conclusions: Herein, we have illustrated the ability of

our oxygen generator to mitigate the effects of hypoxia
and HIF-1α involvement on pancreatic islet viability.
Thus, this platform can be advantageous to improve early
graft loss due to limited oxygen supply for cellular based
tissue engineered constructs.
The authors acknowledge JDRFI,DRIF, andNIH support.

214 $ TRANSPLANTATION OF PANCREATIC
ISLETS IN THE OMENTAL POUCH USING
A RESORBABLE PLASMA$THROMBIN GEL:
PRELIMINARY RESULTS IN RODENTS AND
NONHUMAN PRIMATES

Dora Berman1,2, Antonello Pileggi1,3,
R. Damaris Molano1, Carmen Fo6no1,
Norman M. Kenyon1, Norma S. Kenyon1,3,
Camillo Ricordi1,3,4

1Diabetes Research Ins8tute, University of Miami;
2Surgery, University of Miami Miller School of Medicine;
3Surgery, Microbiology and Immunology, Biomedical
Engineering, University of Miami;
4Medicine, University of Miami Miller School of Medicine;
Miami, FL, United States

Transplantation of pancreatic islets is a viable therapeutic
option for the treatment of unstable diabetes. Currently,
islets are transplanted into the portal venous system through
their embolization into the liver sinusoids resulting in loss
of a substantial islet mass to inflammation and hypoxia. The
need for developing alternative, extra-hepatic implantation
sites for islets has been recognized. Implantation of islets
into omental pouches is appealing because the omentum is
well vascularized and has portal blood drainage.

We tested the function of islets transplanted in the omen-
tal pouch site in a plasma clot induced with the addition of
clinical grade recombinant thrombin. Human islets trans-
planted in the omental pouch of streptozotocin (STZ)-in-
duced diabetic athymic mice reverted diabetes, maintained
sustained normoglycemia and normal clearance during glu-
cose tolerance test. Resection of the graft-bearing omental
pouches resulted in prompt return to hyperglycemia.
Histopathology of the explanted grafts displayed well-pre-
served islets with insulin and glucagon signals.

We also performed a pilot allogeneic islet transplant in
a STZ-induced diabetic cynomolgus monkey under thy-
moglobin (10mg/kg IV on days -1, 0, 2 and 4), anti-
CTLA4Ig (Belatacept; 20mg/kg IV on days 0, 4, 14, 28,
56, 75 and monthly thereafter at 10mg/kg) and Sirolimus
(from day 2 targeting trough levels of 8-12ng/ml). After
transplantation, basal c-peptide levels became detectable
paralleling reduction in insulin requirements over time.

Preliminary histopathological assessment of the graft 49-
days after transplant showed well preserved islets with
immunoreactivity for endocrine markers.

Our preliminary data suggest that the use of a clinical-
grade resorbable plasma-thrombin gel in an omental
pouch allows engraftment of transplanted islets.
Diabetes Research Institute Foundation

215 $ ASSEMBLY OF FUNCTIONAL
TRANSPLANTABLE LIVER GRAFTS

Ken Fukumitsu, Kan Handa, Kentaro Matsubara,
Jorge Guzman-Lepe, Kimimasa Tobita, Chris Hobson,
Thomas Gilbert, Michael Oertel, Hiroshi Yagi,
Alejandro Soto-Gu6errez
Pathology, University of Pi9sburgh, Pi9sburgh, PA, United States

About thirty million people in the US undergo a liver dis-
order for different causes and about 28,000 deaths are reg-
istered annually in the US due to liver disease. To date
the only definitive treatment is liver transplantation, how-
ever, a major reason of liver related deaths is the limited
donor pool. In the last decade, the paradigm in organ
transplantation has shifted away from immune suppres-
sive regiments toward tolerance induction and the need
to expand the donor pool through organ engineering. This
project aims to use discarded donor livers as natural scaf-
folds to constitute complete functional livers grafts to be
transplantable with success by employing techniques
from tissue engineering and cell/organ transplantation.

We have developed optimized protocols for whole rat
liver decellularization and designed critical criteria for
organ-specific matrix quality based on ECM structure
and components, DNA content and proteomics studies.
Moreover, we have generated reproducible systems/pro-
tocols for recellularization with freshly isolated hepato-
cytes. Ultimately reconstruction of liver grafts in vitro
also requires the addition of liver non-parenchymal cells,
thus, we have designed complete vasculature and bile
duct recellularization protocols. In order to evaluate and
optimize different cell seeding protocols of vasculature
(portal and central vein) and bile duct recellularization,
we have designed different systems for histological and
imaging evaluation based on micro CT and MRI tech-
nology. This system allows us to perform serial evalua-
tions of the recellularization protocols for further
optimizations. We found that up to 80-90% of the vessels
in the whole liver were adequately recellularized with
microvascular endothelial cells and about 60-80% of the
bile ducts were adequately recellularized with bile duct
cells. Moreover, endothelial and hepatic function was
evaluated over time (endothelial: LDL metabolism and
tPA responsive secretion; hepatic: albumin synthesis,
urea secretion and total bile salts secretion) after com-
plete recellularization of liver grafts and demonstrated
that the newly engineered liver grafts remain functional.
The development of methodologies for liver graft as-
sembly has the potential to become a novel platform for
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future sophisticated organ engineering techniques that
incorporates several different cell types and may ulti-
mately lead to development of entire organs in vitro for
transplantation drug development and biological studies.

216 $ CHIMERIC ENGINEERED BIO$ORGAN
FOR BETA CELL REPLACEMENT IN TYPE 1
DIABETES

Antonio Citro1, Andrea Peloso2, Valeria Sordi1,
Jacopo Ferrario2, Marcello Maestri2,
Lorenzo Piemon61

1Beta Cell Biology Unit, Diabetes Research Ins8tute-DRI,
San Raffaele Scien8fic Ins8tute, Milano, Italy;
2Dept. I, General Surgery, IRCCS Policlinico San Ma9eo, Pavia, Italy

Background: β cell replacement in type 1 diabetes can
be achieved by isolated pancreatic islet transplantation.
The lack of engraftment is a major limitation to a broad
application in diabetic patients. In fact ~50% of the trans-
planted islets die shortly after transplantation. Decellu-
larization of organs is an innovative approach in tissue
engineering, it provides an acellular 3D biologic scaffold
that can be re-endothelialized and seeded with selected
cell population (chimeric bio-organ).
Aim: to generate a chimeric bio-organ composed of de-

cellularized kidney seeded with pancreatic islets for beta
cell function replacement in diabetic animal models. The
hypothesis is that ex vivo controlled infusion and re-cellu-
larization with pancreatic islets could improve engraftment
and promote islet survival in the recipient limiting the neg-
ative events related to direct islet infusion in the liver.
Methods: Rat kidney was explanted preserving the vas-

cular access to allow whole organ perfusion decellular-
ization. A model of rat renal scaffold (bio-scaffold) was
set up by a quick process of decellularization based on
continuousperfusion with Triton X-100 0.1% and Sodium
Dodecyl Sulphate–SDS- 0.1% for 4 hours. Once estab-
lished the decellularization procedure, 4 bio-scaffolds
were analyzed: 1 was formalin-fixed and evaluated for
residual cell material by haematoxylin/eosin (HE) and
DAPI staining; 1 was transplanted in recipient rats to test
surgical feasibility and organ reperfusion; 1 was infused
with pancreatic islets and the last one with single cell sus-
pension of the same islet preparation after trypsin diges-
tion. Decellularized kidney seeded with islets or dispersed
islet cells was formalin-fixed after infusion and analyzed
for islet cell engraftment by HE and insulin staining.
Results: The decellularization protocol has been opti-

mized to repeatedly produce scaffolds without cellular
material. Bio-scaffold structures retained the intricate
vascular networks, showed preserved cortical ECM mi-
crostructure and no evidence of residual nuclei or intact
cells. Syngeneic orthotopic transplantation of decellu-
larized rat kidney showed mechanical resistance to blood
flow pressure and functional perfusion. Delivery of beta
cells (islets or dispersed islet cells) through arterial path-
way was feasible and did not alter organ structure; cell

flow was maintained along decellularized vascular net-
work and islet cells spread in the kidney parenchyma and
preferentially localized at the level of the glomeruli.
Conclusions: Our data in rat show that i) acellular

whole kidney scaffolds can be obtained by perfusion de-
cellularization; ii) decellularized kidney maintains ma-
trix architecture and vasculature after re-implant in a
syngeneic recipient; iii) decellularized kidney can be
seeded with pancreatic islets after renal artery cannula-
tion. Experiments are on going to re-endothelialize the
bio-scaffold before islet infusion. Chimeric bio-organ ob-
tained with this approach will likely normalize glycemia
in diabetic animal models.

217 $ A NEW GENERATION OF
IMPLANTABLE CONSTRUCTS:
DEVELOPING IMPLANTS THAT MAKE
OF THE ENDOGENOUS RESPONSES AND OF
THE HOST BODY RESPECTIVELY THE
EFFECTORS AND THE BIOREACTOR
OF TISSUE REGENERATION

Massimiliano Gaetani1,2, Roberta Tasso3,
Ranieri Cancedda3,4, Pier Giulio Conaldi2

2Regenera8ve Medicine and Biomedical Technologies Unit,
ISMETT, Palermo;
3Department of Oncology, Biology, and Gene8cs, University
of Genoa, Genoa;
1Ri.MED Founda8on, Palermo, Italy;
4A.O.U. San Mar8no - IST (Na8onal Cancer Research Ins8tute),
Genoa; Italy

Tissue engineering (TE) makes combined use of cells and
biomaterials, as scaffolds, in order to restore tissue struc-
ture and function mostly thorugh the specific commitment
of the implanted cells. Similarly to regenerative medicine
and to therapies of immune-related disorders, TE holds
many expectations from the use of mesenchymal stem
cells (MSCs). For their properties of self-renewal, multi-
potency, immune system modulation and support for tis-
sue repair and angiogenesis, MSCs are a major current
focus of many academic, industrial and clinical interests.

Although MSCs can differentiate into various mes-
enchymal lineages and even trans-differentiate in culture,
when successfully implanted in vivo, the new tissue is
never of donor origin nor is justified by the incidence of
differentiation of grafted MSCs. Within all human organs
and tissues from which they are derived, MSCs are perivas-
cular progenitors and regulate tissue homeostasis, repair
and regeneration, leading to recruitment of macrophages,
endothelial precursors and host pluripotent cells1.

We recently showed that ectopic implants, in mice, of
osteo-conductive scaffolds seeded with bone marrow
(BM)-MCSs leaded to endochondral bone formation only
when previously enriched in culture for early progenitors.
These MSCs triggered regeneration by secreting bioactive
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molecules and so modulating the host microenvironment
rather than directly differentiating into the injured tissue2.
Furthermore, like the ability to be enrolled in a specific
commitment, the secretion of factors by MSC was shown
to be dependent on cell progenitor state, and this activity
is likely to be the most important for MSCs therapeutic
potential. However, although it is known that MSCs or-
chestrate regeneration acting as “drugstores”, by secret-
ing a mix of factors that trigger endogenous cascades3, TE
is still based on cells potentially differentiating into the in-
jured tissue and on scaffolds engineered for this goal. Con-
trarily, engineering products based on biomaterials, cells
or their derivates that might bring the microenvironment
modulations necessary to induce the host specific tissue
regeneration in vivo, is poorly unexplored. Using mass
spectrometry-based proteomics, we quantitatively identi-
fied the factors specifically secreted by early progenitor
BM-MSCs. By deciphering the milieu of secreted proteins
and by systems biology analysis we also identified the bi-
ological responses that MSCs can induce in vivo2.

This strategy is currently under further development, in
order to understand how to rule TE toward a new genera-
tion of implantable constructs not necessarily involving the
engraftment of the implanted cells or not even using cells,
but ideally being applied as pharmaceutical devices that, if
implanted locally within a damaged tissue area, will trigger
host regenerative processes, and use the endogenous cells
as the effectors and the host body as the bioreactor.

References:

1. Bianco P, Robey PG, Simmons PJ. Mesenchymal stem cells:
revisiting history, concepts, and assays. Cell Stem Cell 2008;
2:313-9.

2. Tasso R, Gaetani M, Molino E, Cattaneo A, Monticone M,
Bachi A, Cancedda R. The role of bFGF on the ability of MSC
to activate endogenous regenerative mech anisms in an ectopic
bone formation model. Biomaterials 2012; 33:2086-96.

3. Caplan AI, Correa D. The MSC: an injury drugstore. Cell Stem
Cell 2011; 9:11-5.

218 $ ADIPOSE DERIVED STROMAL
CELL SHEET WITH ARTIFICIAL DERMIS
ACCELERATES SKIN WOUND HEALING

Yuka Kato1, Toshiyuki Yoshida2, Takanori Iwata2,
Kazuki Ikura1, Masayuki Yamato2, Teruo Okano2,
Yasuko Uchigata1

1Diabetes Center and 2Ins8tute of Advanced Biomedical
Engineering and Science, Tokyo Women’s Medical University,
Tokyo, Japan

Impaired skin wound healing caused by reduced blood sup-
ply is a major complication especially in diabetic patients.
Although artificial dermis is currently utilized for the treat-
ment of ulcers with full-thickness skin defects in diabetic pa-
tients, it is difficult to cure because of blood flow obstruction.

Previous studies have shown that adipose derived stro-
mal cells (ADSCs) possess angiogenic property, and
ADSCs have been transplanted to wounded skin. However,
it is hard to retain the transplanted ADSCs on the site and
the outcome is limited. To resolve this problem, we take
advantage of cell sheet technology using temperature re-
sponsive culture dishes and the efficacy of ADSC sheet
was evaluated using rat full-thickness skin defect in head.

First, inguinal fat tissue from a normal rat was taken
and extracted ADSCs (rADSCs) . Colony forming, os-
teogenic and adipogenic differentiation potential of the
rADSCs were investigated in vitro. One thousand of
rADSCs were seeded onto 10 cm dishes and cultured in
growth, osteogenic, and adipogenic differentiation
medium, respectively. rADSCs exhibited colony form-
ing, osteogenic, and adipogenic capacities, suggesting
that rADSCs used in this study possessed multipotent
mesenchymal stromal cells-like properties. rADSCs
from normal rats were seeded onto temperature respon-
sive culture dishes to fabricate cell sheets.

Full-thickness skin defect was made on a normal rat cal-
variae, and periosteum was removed. The defect in the cal-
variae of rat was covered with artificial dermises
(Pernac(R)) with or without transplantation of rADSC
sheets. Two weeks after the transplantation, rats were sac-
rificed and the wound regions including the calvariae were
excised and histologically investigated. Newly formed
blood vessels were observed in the middle of wounds both
in rats with or without the transplantation of theADSC cell
sheet. However, the density of blood vessels was 1.9-fold
higher in the transplanted rat compared that of control rat.

These results suggest that rADSC sheet transplantation
combined with artificial dermis accelerates the vascular-
ization in full-thickness skin defect model, and is useful
for the skin wound treatment of diabetic patients.

219 $ STEM CELLS AND MUSCULAR
DYSTROPHIES

Yvan Torrente
University of Milan, Milan, Italy

Problem: Muscular dystrophies are a heterogeneous
group of inherited disorders presenting a large clinical
variability regarding age of onset, patterns of skeletal
muscle involvement, heart damage, rate of progression
and mode of inheritance. Attempts to repair muscle dam-
age in Duchenne muscular dystrophy (DMD), the most
severe case, are facing several problems and no therapy is
available for this disease as for all muscular dystrophies.
Background: Cell therapy is one promising approach

to correct genetic diseases by contributing to tissue re-
generation; stem cells can be isolated from a healthy
donor or, when possible from the same patient. In the
first case cells will be transplanted under a regime of im-
mune suppression while in the second case, cells will
have to be genetically corrected before transplantation
in the same patient from which they were derived. The
recent identification of different types of multi-potent
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stem cells, some of which are suitable for protocols of
cell therapy, has disclosed new perspectives in the treat-
ment of genetic diseases.
Hypothesis: Our previous work indicated that

CD133+ stem cells, a recently identified population of
progenitor cells, produce functional improvement upon
intra-arterial injection in a mouse model of muscular dys-
trophy. Thus it could be possible to focus upon this type
of stem cell for autologous transplantation in DMD ani-
mal models.
Research: Recently, transplantation of engineered dy-

strophic canine muscle-derived CD133+ cells has given
promising results in Golden Retriever Muscular Dystro-
phy (GRMD) dogs, the most reliable animal model that
shows a form of dystrophy very similar to DMD (and
even more severe in most cases).

We isolated CD133+ stem cells from muscle biopsies
of GRMD dogs, we then expanded them characterized
the CD133+ cells by FACS analysis.

The issue was then to use a specific-designed lentiviral
vector capable of eliminating the mRNA segment from
exon 6 to 8 in canine dystrophin gene. We tested differ-
ent concentration of lentiviral vectors and verified the
restoration of dystrophin transcript in culture by RT-PCR.

Two dystrophic dogs were treated with serial intrarte-
rial injections of autologous transduced cells.

The transplanted animals were analysed at different
times; most of the biopsies in all muscles were morpho-
logically less affected than those of untreated dogs.

Functional improvement of treated dogs was also as-
sessed by a 15 min timed running test and by a combined
clinical grading score. The untreated littermates became
slower over the treatment time, whereas two treated dogs
ran faster after treatment.
Observation: Because of these results, we plan a pilot

clinical trial, based on intra-muscular and intra-arterial
transplantation of autologous engineered muscle derived
CD133+ cells. Efficacy and possible adverse effects will be
evaluated to test whether this approach may represent a first
step towards an efficacious therapy for muscular dystrophy.

221 $ CELLULAR CARDIOMYOPLASTY
BASED ON MUSCLE DERIVED STEM CELLS

Johnny Huard
University of Pi9sburgh, Pi9sburgh, United States

Cellular cardiomyoplasty, which involves the transplanta-
tion of exogenous cells into the heart, is a promising ap-
proach to repair injured myocardium and improve cardiac
function. We have isolated a population of muscle-derived
stem cells (MDSCs) from the skeletal muscle of both mice
and human, that when compared with myoblasts, display
a significantly improved capacity for regeneration in a
model of acute myocardial infarction (MI). The trans-
planted MDSCs survive significantly better than skeletal
myoblasts, and through a paracrine effect, reduce my-
ocardial fibrosis, promote angiogenesis, and ameliorate
left ventricular (LV) remodeling. We have reported that

the improved survival of MDSCs in acute MI is related, at
least in part, to their high expression of cellular antioxi-
dants which give the MDSCs the unique ability to resist
oxidative and inflammatory stress, conditions likely ex-
perienced by these cells after their implantation into in-
farcted myocardium. Although these findings suggest that
both murine and human MDSCs represent a therapeutic
cell source for MI patients, important limitations, such as
the poor delivery approach (intracardiac injection), as well
as the low cardiomyogenic potential of MDSCs, have lim-
ited the cardiac regenerative potential repair of MDSCs. In
fact, we have been utilizing MDSCs for the repair of a va-
riety of tissues, and the MDSCs were always delivered di-
rectly into the injured hearts. The use of the innovative
FGF2-coacervate as a novel delivery approach represents
a new area of research that can further promote the car-
diac regenerative potential of MDSCs. In fact, using this
innovative coacervate approach, we have shown that FGF-
2-coacervate was able to enhance cardiac repair and re-
generation by promoting angiogenesis. Therefore, we will
present recent work from our laboratory where we com-
bine the new FGF2 coacervate technology with MDSCs to
further improve cardiac repair when compared to the in-
tracardiac injection of MDSCs. We will also present re-
cent work from our group where the cell sheet technology
will be combined with MDSCs to further improve the re-
generative potential of MDSCs in the hearts. Finally, we
will present recent work where the viral transduction of
MDSCs to express Wnt-11, a molecule required for car-
diogenesis , enhance the cardiomyogenic differentiation
of the MDSCs in vitro, and cardiac repair in vivo, when
injected directly into the injured hearts. This new technol-
ogy will not only increase our understanding of the basic
biology of muscle-derived progenitor cell populations
with enhanced cardiomyogenic potential for cardiac re-
pair, but also facilitate the development of new delivery
technologies based on biomimetic coacervate to improve
cardiac regeneration and repair induced by cellular car-
diomyoplasty using muscle progenitor cells.

222 $ LOCO$REGIONAL DETECTION
AND STIMULATION OF TRANSPLANTED
LIVER CELLS BY PARTICLE$BASED MIRNA
DEPLETION

Nathanael Raschzok1, Annekatrin Leder1,
Antje Bu7er1, Susanne Kolano1, Duygu Arabacioglu1,
Luisa De Sousa Lisboa1, Wiebke Werner1,
Steffen Lippert1, Chris6an Schmidt2, Igor M. Sauer1

1General, Visceral, and Transplant Surgery, Experimental
Surgery and Regenera8ve Medicine, Charité - Universitätsmedizin
Berlin, Berlin, Germany; 2micropar8cles GmbH, Berlin, Germany

Introduction: Liver cell transplantation (LCT) is a
promising treatment option for children with inborn meta-
bolic liver disease. However, both detection and prolifer-
ation stimulation of transplanted liver cells is challenging.
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Aim of this study was the development of a functional-
ized iron oxide particle for detection of transplanted liver
cells by MRI and simultaneous loco-regional stimulation
by targeting of specific microRNAs (miRNAs).
Methods: Silica-based micron-sized iron oxide parti-

cles (sMPIOs) were used as carrier particles. Locked nu-
cleic acid (LNA) antisense oligonucleotides specific for
hsa-let-7g or rno-let-7g were covalently bound on the sur-
face of the particles. For in vitro studies, primary human
hepatocytes were labeled with LNA-sMPIO and miRNA
depletion was investigated using qRT-PCR and Northern
Blot. Protein expression of Cyclin D1 and c-Myc was in-
vestigated by western blot. Light and laser scanning mi-
croscopy were used to verify the intracellular localization
of the particles. For in vivo proof of concept, male rat he-
patocytes labeled with LNA-sMPIOs were transplanted
to female Wistar rats via intrasplenic injection. 3.0 Tesla
MRI was performed 7 days following transplantation.
Cell engraftment was analyzed by Prussian Blue staining
and Fish-Typing for the Y-chromosome.
Results: in vitro incubation with LNA-sMPIOs enabled

hepatocyte labeling within 4 hours. Particles were located
near the cell nucleus, while not appearing to be encapsu-
lated from cellular membranes. Labeling of human hepato-
cytes with LNA-sMPIOs lead to a decrease of endogenous
let-7g levels by more than 85%. Knockdown efficiency was
similar to controls with transfected cells. Cyclin D1 and c-
Myc, which are both targets of let-7g, were significantly up-
regulated upon LNA-sMPIO internalization. in vivo,
LNA-sMPIO labeled liver cells were detectable as punctual
signal decrease of the liver and could be correlated with the
presence of Prussian blue positive donor cells.
Discussion: Our results demonstrate the feasibility of

particle-based miRNA depletion. Moreover, we show
functional effects on the protein expression of labeled
cells. in vivo, the micron-sized iron core enabled non-in-
vasive detection of transplanted cells. Our concept could
be therefore suitable for LCT as well as for further cel-
lular therapies where visualization and therapeutic mod-
ification is necessary.

223 $ STUDY OF AUTOIMMUNE DIABETES
IN MICE USING NON$INVASIVE,
LONGITUDINAL LIVE IMAGING IN THE
ANTERIOR CHAMBER OF THE EYE

Gaetano Faleo1, Midhat H. Abdulreda1,
R. Damaris Molano1, Maite Lopez-Cabezas1,
Carmen Fo6no1, Elsie Zahr-Akrawi1,
Camillo Ricordi1,2,3,5,6, Allison Bayer1,4,
Alejandro Caicedo1,2, Per-Olof Berggren1,3,6,
Antonello Pileggi1,5

1Diabetes Research Ins8tute, University of Miami, Miami, FL,
United States;
2Medicine/Endocrinology, University of Miami Miller School of
Medicine, Miami, FL, United States;
3Medicine, University of Miami Miller School of Medicine,
Miami, FL, United States;

5Surgery, Microbiology and Immunology, Biomedical
Engineering, University of Miami, Miami, FL USA, FL, United States;
6Rolf Lu( Research Center for Diabetes and Endocrinology, Ka-
rolinska Ins8tutet, Stockholm, Sweden;
4Microbiology and Immunology, University of Miami Miller
School of Medicine, Miami, FL, United States

The islets of Langerhans are endocrine cell clusters that
represent ~1% of the pancreatic tissue where they are
scattered present and therefore difficult to image nonin-
vasively. Several imaging techniques can be used to
study islet biology, including Bioluminiscence, MRI and
PET-scan, but lack of cellular resolution. Fluorescent
confocal microscopy can be used to obtain high defini-
tion imaging data in vitro, ex vivo and in vivo. We have
previously reported that islet cell physiology and im-
mune rejection can be studied using the anterior cham-
ber of the eye (ACE) in vivo by confocal fluorescent
microscopy. Here we sought to evaluate whether islet
autoimmunity could be reproduced in this model to
study longitudinally the progression of the autoimmune
process.

Progression of autoimmunity was assessed on
NOD.SCID islets transplanted into spontaneously dia-
betic female NOD or NOD.SCID mice receiving re-
cent-onset NOD mouse splenocytes. Antigen-specific
immunity was studied transplanting RIP-OVA islets
into C57BL/6-Rag1-/- mice followed by adoptive trans-
fer of C57BL/6-GFP-OT-I cells. Animals underwent re-
peated imaging sessions to acquire data on the same
islets over time. Several parameters were assessed, in-
cluding islet granularity, volume, cellular infiltrate that
was monitored using immune cells expressing fluores-
cent proteins.

Diabetes recurred with a median of 10d (range 5-12)
and 8d (5-13) in the ACE (n=6) and kidney capsule
(KDN; n=12), respectively. Adoptive transfer of spleno-
cytes induced diabetes within 30-35 days. Antigen-spe-
cific OT-I CD8 T-cells accumulated as early as 5 days
post-transfer destroying RIP-OVA islets in the ACE.
Longitudinal assessment of individual islet volume and
granularity in the ACE demonstrated islet swelling start-
ing 1 wk before onset of overt hyperglycemia followed
by relatively quick volume reduction within a week. Live
time-lapse studies with intraocular cytolabeling and dye
injections allowed assessing infiltrating B and T cell be-
haviors and cell death in the target tissue with single-cell.
Preliminary assessment of islet grafts explanted after di-
abetes onset from ACE and KDN showed infiltrating
lymphocyte populations similar to native pancreas by
immunostaining.

Collectively, our data suggest that islet transplantation
into the ACE represents a valuable model to study islet
immunity, allowing longitudinal in vivo noninvasive im-
aging on the very same islets with cellular resolution to
characterize the effector phase kinetics of the infiltrating
cells on the site of immune attack.

Supported by: NIH-5U19AI050864-10 (A.P.) and Di-
abetes Research Institute Foundation (A.C., P.O.B., and
A.P.).
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224 $ CIRCULATING MIR$
375 LEVELS AFTER ISLET
TRANSPLANTATION IN HUMANS:
A BIOMARKER OF ONGOING
BETA CELL INJURY

Lorenzo Piemon61, Miguel Correa-Tapia2,
Vito Lampasona1, Jorge Ferrer2

1Diabetes Research Ins8tute (OSR-DRI), San Raffaele Scien8fic
Ins8tute, Milan, Italy;
2Genomic Programming of Beta-cells Laboratory, Ins8tut
d’Inves8gacions August Pi i Sunyer (IDIBAPS); CIBER de
Diabetes y Enfermedades Metabólicas Asociadas
(CIBERDEM), Barcellona, Spain

Background: Circulating level of the pancreatic islet
enriched miR-375 was recently described as a biomarker
of beta cell death1. We tested if circulating levels of miR-
375 reflect beta cell destruction in patients with type 1 di-
abetes who received human pancreatic islets.
Materials and Methods: A total of 22 human islet

infusion were studied under different immunosuppres-
sion regimen: alphaCD25/Rapa/FK506 (n=6),
ATG/MMF/FK506 (n=13) and none (auto trasplanta-
tion; n=3). MiR-375 circulating levels were evaluated
by quantitative PCR (TaqMan Assay and/or droplet dig-
ital PCR).
Results: Human pancreatic islet expressed high

level of miR-375. After transplantation serum miR-
375 increased up to 200-fold during the first 12 hours,
and then dropped to moderately elevated levels after
24 hours. This change was present both in allogenic
and autologous islet transplantation. Circulating miR-
375 levels were again increased at 96 hours post islet-
infusion. This second peak was preceded by the rise
of C-reactive protein and cross-linked fibrin degra-
dation products, and it was followed by the rise of
cell damage markers (AST, ALT and LDH). We com-
pared miR-375 levels in patients with and without
CXCR1/2 inhibitor therapy, a treatment that preserves
<beta> cell mass by dampening inflammatory dam-
age (Citro A. et al J. Clin. Invest. 2012;122:3647). All
patients showed similarly increased circulating miR-
375 levels during the 24 hr period that followed the
infusion. However, the elevations of miR-375 levels
that were observed at 48 and 96 hours post-islet infu-
sion in control patients were not observed in patients
treated with CXCR1/2inihibitors (p=0.048 and 0.024,
respectively). Concordantly, CXCR1/2 inhibitor ther-
apy preserved increased beta cell function during the
time.
Conclusions: The results suggest that circulating miR-

375 levels is a useful non-invasive indicator of ongoing
beta cell injury after islet transplantation.

Reference

1. Erener S, et al. Endocrinology 2013; 154:603

225 $ IMAGING AND TARGETING
PANCREATIC ISLETS WITH APTAMERS

Giacomo Lanzoni1, Adriana De La Fuente2,
Alessia Zoso1, Silvio Bicciato3, Cris6an Taccioli3,
Luca Inverardi1, Paolo Serafini2

1Diabetes Research Ins8tute, University of Miami, Miami, FL,
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2Department of Microbiology and Immunology, Sylvester
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The development of technologies for pancreatic islet im-
aging has become a field of intense study to respond to
the high demands in diabetes research and clinical prac-
tice. In Type 1 Diabetes (T1D) a selective destruction of
islet β-cells precedes clinical manifestation and ultimately
leads to the disease. The β-cells mass may change in re-
lation to therapeutic treatments and during the course of
the disease. Currently, β-cells mass can be measured only
indirectly with functional tests, andimaging of native or
transplanted islets remains challenging.Antibodies, pep-
tides and other forms of nanoparticles have been explored
as imaging reagents, but they present several limitations:
non-penetrating structures, non specific binding, toxicity,
immunogenicity, production costs. Aptamers are an
emerging class of molecules with unique characteristics
that make them extremely appealing for islets imaging.
Aptamers are oligonucleotide chains with a high affinity
to their target, they are currently tested in clinical trial and
commercialized. They can be developed with an unsu-
pervised process called Cell-SELEX, that allows the par-
allel selection of hundreds of aptamers whose specificity
for a given cell type (i.e. islet cells) is not based on a par-
ticular receptor but, rather, on all the surface markers that
make the target unique. They are obtained by selection
from a large random sequence pool, from which they are
“evolved” to have a high binding affinity to their target.
Given the small size and the ease of production in large
scale, they represent extraordinary tools for imaging,
proving superior to antibodies, and may prove useful for
in vivo imaging and targeting strategies. We developed
islet-specific aptamers with modified nuclease-resistant
RNA structures useful for in vitro andin vivo applications.
The selection approach was based on isolated living
murine islets.A library of 1020 random aptamers was first
depleted of non-specific aptamers using pancreatic ex-
ocrine tissue and positive selection was performed by in-
cubation with islets. After removal of non-specific
aptamers, islets-bound aptamers were isolated and am-
plified. The library obtained was used for the following
cycle of selection, 12 cycles were performed. Aptamer li-
braries from the different cycles have been sequenced by
the illumina high throughput sequencing and studied with
bioinformatics tools for identification. We tested the re-
sistance of aptamers to RNAse digestion and degradation.
We demonstrated that our islet-specific aptamers are able
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to bind avidly to islet cells with a fluorescent staining ap-
proach in tissue sections.The aptamer staining colocal-
ized in insulin-producing beta cells. We observed no
specific binding to irrelevant tissues. We plan to scale up
the production of the selected aptamers, combine the ap-
tamers with contrast moieties and test them for in vivo
imaging of islet cells. Additionally, these new class of
reagents will be used for the delivery of therapeutic short
hairpin silencing RNAs (shRNAs) with the purpose to
limit cytokines induced cell death and promote the pro-
liferation of the residual β cell mass at onset in T1D mice
models.

226 $ GENE EXPRESSION PROFILING AND
SECRETOME ANALYSIS DIFFERENTIATE
ADULT$DERIVED HUMAN LIVER
STEM/PROGENITOR CELLS AND HUMAN
HEPATIC STELLATE CELLS

Silvia Berardis1, Catherine Lombard1,
Adil Taghdouini2, Pau Sancho-Bru3,
Juan Jose Lozano3, Leo Van Grunsven2,
E6enne Sokal1, Mustapha Najimi1

1Laboratory of Pediatric Hepatology and Cell Therapy,
Université Catholique de Louvain, Brussels, Belgium;
2Liver Cell Biology Lab (LIVR), Vrije Universiteit Brussels,
Brussels, Belgium;
3Centro de Inves8gación Biomédica en Red de Enfermedades
Hepá8cas y Diges8vas (CIBERehd), Barcelona, Spain

Adult-derived human liver stem/progenitor cells
(ADHLSC) are isolated after primary culture of liver
parenchymal fraction. [1] The cells are currently devel-
oped as potential alternative to hepatocyte for liver cell
based therapies. ADHLSC are of fibroblastic morphol-
ogy and exhibit a hepato-mesenchymal phenotype. [1-3]

Hepatic stellate cells (HSC) isolated from the liver non-
parenchymal fraction present a comparable morphology
as ADHLSC and are described as liver stem/progenitor
cells. [4] In the current work, we strived to extensively
compare both cell populations and to propose tools
demonstrating their singularity.

ADHLSC and HSC were isolated from the liver of four
different donors, expanded in vitro and followed from
passage 5 until passage 11. Cell characterization was per-
formed using immunocytochemistry, flow cytometry,
and gene microarray analyses. The secretion profile of
the cells was evaluated using Elisa and multiplex Lu-
minex assays.

Both cell types expressed α-smooth muscle actin, vi-
mentin, fibronectin, CD73 and CD90, in accordance with
their mesenchymal origin. Microarray analysis revealed
significant differences in gene expression profiles. HSC
present high expression levels of neuronal markers as
well as cytokeratins. Such differences were confirmed
using immunocytochemistry. Both cell types also display

distinct secretion profiles as ADHLSC highly secreted
cytokines of therapeutic and immuno-modulatory im-
portance, like HGF, interferon gamma and IL-10. Fi-
nally, ADHLSC and HSC behave differentially when
incubated with specific growth factors involved in he-
patogenic differentiation.

Our study demonstrates that, even sharing several phe-
notypic characteristics,ADHLSC and HSC are distinct liver
fibroblastic cell populations as they exhibit significant dif-
ferent intrinsic gene expression and secretion profiles.
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227 $ HYPOXIC PRECONDITIONING
POTENTIATES HEPATOTROPHIC,
ANTIAPOPTOTIC, AND PROSURVIVAL
EFFECTS OF MESENCHYMAL STEM CELLS
ON CO$CULTURED HUMAN HEPATOCYTES
BY A REACTIVE OXYGEN SPECIES
DEPENDENT, NON$PARACRINE MECHANISM

Harry H. Qin1, Celine Filippi1, Mitry M. Ragai1,
Anil Dhawan1, Robin D. Hughes1

1Ins8tute of Liver Studies, King’s College London School of
Medicine at King’s College Hospital, London, United Kingdom

Background/Objectives: Homo-cultured human he-
patocytes undergo de-differentiation and loss of liver-
specific metabolic functionin vitro, whereas
mesenchymal stem cells (MSCs) preserve the morphol-
ogy and functionality of hepatocytes in heterotypic co-
culture1. AsMSCs normally reside in a hypoxic niche2,
we hypothesised that hypoxic preconditioning (HPc)
could optimise the co-culturehepatotrophic effect of adi-
pose-derived stem cells (ADSCs), a subtype of MSCs,
and HPc-induced potentiative effect depended on intra-
ADSCs activity of reactive oxygen species (ROS), a piv-
otal signalling factor implicated in oxidative stress3.
Methods: Human ADSCs with or without theaddition

of 10-mM N-acetylcysteine (NAC), an antioxidant
against ROS, were subjected to 2% O2 HPc, with 20% O2

CELLR4 - Repair, Replacement, Regeneration & Reprogramming36



normoxia-preconditioned (NPc) cells as control, for 24
hours. Intra-ADSCs ROS activity was measured using
flow cytometry with chloromethyl 2’,7’-dichlorodihy-
drofluorescein diacetate, and normalised to percentage
of mean fluorescence intensity of control cells. Fresh
human hepatocytes were seeded onto media-refreshed
ADSCs monolayers ata ratio of 2.5:1and co-cultured for
7 days, with hepatocyte mono-culture as control. Indi-
rect hepatocyte co-culture in ADSCs-conditioned media
was also performed to determine the role ofADSCs-de-
rived paracrine factors in the co-culture hepatotrophic ef-
fect. Albumin, caspase-cleaved cytokeratin 18(CCK18),
and cytokeratin 18 (CK18) in culture supernatant were
measured using enzyme-linked immunosorbent assays
to determine the effects of ADSCs co-culture on liver-
specific synthetic metabolism, caspase-mediated apop-
tosis, and total death of co-cultured hepatocytes,
respectively; all data were shown as mean ± SD, and nor-
malised to one million seeded viable hepatocytes.
Results: HPc significantly increased intra-ADSCs

ROS activity (190.0 ± 22.2%, p<0.05),while 10-mM
NAC reduced ROS activity in HPc-ADSCs (109.6 ±
28.8%, p<0.05). HPc-ADSCs co-cultureimproved albu-
min synthesis up to day 7 (HPc vs NPc vs control, 5.4 ±
0.3 vs 4.7 ± 0.2 vs 1.4 ± 0.2 µg, p<0.01), and also re-
duced the release of soluble CCK18 (17.3 ± 2.6 vs 30.4
± 3.4 vs 42.0 ± 2.0 U, p<0.01) and CK18 (91.3 ± 13.2 vs
179.0 ± 14.0 vs 364.8 ± 15.6 U, p<0.01) from hepato-
cytes up to day 4. ROS inhibition reducedhepatotrophic
(albumin, 4.5 ± 0.4 µg, p<0.01), antiapoptotic (CCK18,
30.5 ± 2.4 U, p<0.01), and prosurvival effects (CK18,
176.0 ± 13.2 U, p<0.01) of HPc-ADSCsco-culture.
ADSCs indirect co-culture had minimal hepatotrophic
(1.4 ± 0.1 vs 1.2 ± 0.1 vs 1.4 ± 0.2 µg, p>0.05), anti-
apoptotic (44.4 ± 3.3 vs 46.4 ± 5.3 vs 42.0 ± 2.0 U,
p>0.05), and prosurvival effects (368.4 ± 13.2 vs 353.9
± 21.2 vs 364.8 ± 15.6 U, p>0.05) on hepatocytes.
Conclusions: HPc-induced oxidative stress potentiat-

esthe hepatotrophic, antiapoptotic, and prosurvival ef-
fects of MSCs co-culture on hepatocytes by a
non-paracrine mechanism dependent on intra-MSCs
ROS activity.
The authors appreciate Haiyan Zhao, Yang Yang and

Tao Jin for administrative support. This work is sup-
ported by grants from National Natural Science Foun-
dation of China (Grant No. 31200739) and Ministry of
Education, China (Grant No. 20120101120003).
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We and others have recently provided evidence that the
beneficial effects exerted by placenta-derived cells after
transplantation in fibrosis disease animal models, might
be due to secretion of paracrine-acting factor(s) that pro-
mote endogenous tissue repair.

In this study, we validated this hypothesis by injecting
conditioned medium (CM) from cells of the mesenchy-
mal region of human amniotic membrane (AMTCs) into
mice with bleomycin-induced lung fibrosis. We also ex-
plored whether the paracrine effector(s) produced by
AMTCs are specific to these cells and not produced by
other cell populations, and which mechanisms underlie
the anti-fibrotic effects of AMTC-derived CM (AMTC-
CM).

CMs used in this study were generated from 5-day in
vitro cultures of either AMTCs or other cell types
(human skin fibroblasts, human peripheral blood
mononuclear cells and Jurkat cells).

Fifteen minutes after bleomycin instillation, mice were
intra-thoracically injected with CMs or were left un-
treated. After 14, 21 and 28 days, lung fibrosis was eval-
uated by histological analysis, by a semi-quantitative
scoring system, while lung collagen was determined
through a spectrophotometric technique. Lungs were also
analyzed for levels of pro-inflammatory and pro-fibrotic
cytokines and chemokines. Moreover, arterial blood gas
analysis was performed to evaluate the effects of CMs
on bleomycin-induced pulmonary dysfunctions.

Among the CM types used, AMTC-CM was the only
one able to reduce lung fibrosis and ameliorate the mice
impaired health status after bleomycin instillation. In-
deed, AMTC-CM-treated mice: i) showed a mortality rate
lower than in mice treated with the other CMs; ii) did not
suffer weight loss; iii) displayed a reduction in pulmonary
fibrosis and lung collagen content up to 28 days post de-
livery, and iv) consistent with the presence of less severe
fibrotic lesions, blood gas analyses showed that AMTC-
CM-treated mice had better lung function compared to
animals treated with the other CMs, with minor levels of
PCO2 and lower HCO3

- blood concentration. In addition,

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 37



14 days after bleomycin, AMTC-CM-treated mice
showed lower lung content of pro-inflammatory cy-
tokines/chemokines such as IL-6, TNF-α, MIP-1α, MCP-
1. Meanwhile, at both day 14 and 28, they showed lower
levels of the pro-fibrotic factor TGF-β.

This study show that AMTC-CM displays specific
anti-fibrotic properties and that may act both by reducing
TGF-β levels in lung tissues through early abrogation of
the pro-inflammatory cytokine network, and also by act-
ing through a TGF-β independent mechanism, inhibiting
the actions of IL-6 and MCP-1, which display direct pro-
fibrotic activities. These results strongly suggest that a
cell free treatment could represent a potential therapeu-
tic strategy for pathological conditions where a reduc-
tion of inflammatory and fibrotic processes could favour
reparative/regenerative actions of the endogenous cells.
This study was supported by Fondazione Cariplo and

by MIUR 5x1000-2009 (Italy)
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Introduction: Paracrine effects are largely responsi-
ble for the improvements in cardiac function that have
been achieved with stem cell-based therapies. Insulin-
like growth factor-1 (IGF-1) and SDF-1 have been well-
documented for their ability to promote cardiovascular
cell growth, migration and regeneration. The beneficial
effects of these growth factors when administered with-
out a cell type capable of cardiovascular regeneration are
transient. Successful stem cell-based therapy will thus
require an understanding of how growth factors promote
cellular expansion in order to optimize their function to-
wards maximal cardiac regeneration.
Hypothesis: Signaling is impaired in cardiovascular

progenitor cells isolated from the aged adult population,
rendering them less responsive to growth factors that
stimulate migration to the site of injury.
Methods: Our laboratory isolated 264 clones of

human neonatal and adult cardiovascular progenitor cells
(CPCs) from patients undergoing cardiothoracic surgery,
under IRB approval. These clones represent a unique re-
source for studying functional efficacy and early activa-
tion events in endogenous CPCs. Forty seven clones
were selected for surface phenotype characterization

using flow cytometry. Real time PCR was used to fur-
ther distinguish the clones during differentiation into car-
diac myocytes based on the expression of Isl1, MESP-1,
c-kit and TropT. Differences in AKT cell signaling were
identified in CPC clones in response to SDF-1 and IGF-
1 by Western blotting. Invasion assays were also per-
formed.
Results: Cardiovascular progenitor cell clones can

produce both IGF-1 and SDF-1, factors that play a key
role in cardiovascular repair. Functional differences were
identified in the response of CPC populations to various
growth factors. The response of Isl1+ c-kit+ co-express-
ing neonatal and adult CPCs to IGF-1 and SDF-1 was
compared. Cardiomyocytes from neonates responded to
IGF-1 treatment with a nearly two-fold increase in AKT
phosphorylation while cells from the adult showed no re-
sponse. Flow cytometry revealed that IGF-1 receptor lev-
els were present on both neonatal and adult CPCs.
Neonatal clones could be further distinguished by their
differential response to SDF-1. The adult cells were not
stimulated to invade in response to SDF-1 and there was
no evidence of AKT activation, although the receptors
were present on the cells as identified by flow cytometry.
Conclusions: Cardiovascular progenitor cells residing

within the heart co-express Isl1 and c-kit. Neonatal CPCs
produce and are activated by IGF-1 and SDF-1 and exist
as a heterogeneous population. Age impacts cardiovas-
cular progenitor cell signaling and may account for the
inability of cardiovascular progenitor cells to mobilize
to the site of injury and repair the heart in older adults.

230 $ TISSUE REPLACEMENT OF INJURED
HEPATIC PARENCHYMA IN A FIBROTIC/
CIRRHOTIC RAT LIVER ENVIRONMENT BY
TRANSPLANTED STEM/PROGENITOR
CELLS AND HEPATOCYTES

Mladen I. Yovchev1, Yuhua Xue2, David A. Shafritz1,
Joseph Locker2, Michael Oertel2

1Medicine, Albert Einstein College of Medicine, Bronx, NY,
United States;
2Pathology, University of Pi9sburgh, Pi9sburgh, PA, United States

Hepatic cell therapy could provide a valuable strategy to
generate new functional tissue in the diseased liver. We
therefore investigated the repopulation capacity of un-
differentiated epithelial stem/progenitor cells and mature
hepatocytes transplanted into livers with advanced fi-
brosis/cirrhosis.

The livers had ongoing fibrogenesis and massive he-
patocellular damage, indicated by increased levels of fi-
brogenic markers (e.g., α-SMA, procollagen, TIMP-1,
MMP-2) and decreased levels of hepatocyte-specific
mRNA transcripts (e.g., ASGPR, CYP3A1, G6Pase
mRNA), induced by thioacetamide (TAA) administra-
tion in the DPPIV– F344 rats. Prolonged TAA adminis-
tration caused extensive stellate and stem/progenitor cell
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activation and bile duct proliferation in the fibrotic septa.
At 3 months after starting TAA administration, fetal liver
stem/progenitor cells derived from DPPIV+ F344 rats
were transplanted in conjunction with partial hepatec-
tomy (PH). During continued TAA administration, trans-
planted stem/progenitor cells differentiated into
hepatocytic and biliary cells, formed large DPPIV+ cell
clusters, and replaced whole fibrotic nodules. At 4
months after cell transplantation, ~40% repopulation was
achieved by DPPIV+ cell clusters that encompassed en-
tire fibrotic lobules. Importantly, after cell transplanta-
tion of stem/progenitor cells without PH, undifferentiated
cells engrafted and formed small clusters within days
after cell transplantation, leading to 24% liver replace-
ment after 4 months. Stem/progenitor cells are 2-3 times
smaller than hepatocytes, which allowed us to infuse
much higher numbers of cells, and comparative studies
with hepatocytes showed a clear advantage of stem/prog-
enitor cells over mature hepatocytes. However, trans-
planted hepatocytes were also capable of engrafting and
replaced up to ~10% fibrotic liver tissue at 4 months after
cell infusion.

To investigate whether transplantation of stem/prog-
enitor cells can reverse fibrosis, advanced fibrosis/cir-
rhosis was induced in DPPIV-rats. At 3 months, cells
were transplanted into TAA-treated rats, followed by
continued TAA administration for 2 months, which was
then discontinued for 1 month. Stem/progenitor cell-
transplanted rats showed down-regulated expression of
fibrosis-related genes (α-SMA, Col1a1, TIMP-1), indi-
cating reduced fribrogenesis after cell transplantation.
In summary, using experimental conditions that reflect

circumstances similar to human fibrosis/cirrhosis, we
demonstrated that transplanted progenitor cells can effi-
ciently engraft, proliferate after their engraftment, dif-
ferentiate into hepatic cell lineages, and restore injured
hepatic parenchyma. In this model, we also demonstrated
the replacement of hepatocytic mass with mature hepa-
tocytes. However, an even greater level of repopulation
was achieved with transplanted stem/progenitor cells.

231 $ PANCREATIC ISLET ENGRAFTMENT
IS IMPROVED BY SPIEGELMER$BASED
BLOCKADE OF CXCL12/SDF$1

Simona Marzora61, Antonio Citro1, Sven Klussmann2,
Lorenzo Piemon61

1Diabetes Research Ins8tute, San Raffaele Hospital, Milan, Italy;
2NOXXON Pharma AG, Berlin, Germany

Background: Blocking proinflammatory mediators is
a successful approach to improve the engraftment after
islet transplantation. Spiegelmers are biostable mirror-
image aptamers that can bind and inhibit target mole-
cules; they represent a non-immunogenic alternative to
antibodies. We evaluated whether Spiegelmer-based
blockade of CXCL12/SDF-1 is able to favour islet en-
graftment in murine models.

Methods/Materials: CXCL12/SDF-1 blockade by
Spiegelmer NOX-A12 was tested in a syngeneic mar-
ginal mass mouse islet transplantation model in which
200 C57BL/6 pancreatic islets are transplanted into liver
of diabetic C57BL/6 mice. We also tested all the com-
pounds in diabetes induced by the treatment of multiple
low doses of streptozotocin (MLD-STZ), a mouse model
in which a beta-cell damage is induced by inflammation.
Results: CXCL12/SDF-1 blockage by NOX-A12 treat-

ment for 15 days was able to significantly improve islet en-
graftment. The median time to gain normoglycaemia was
4 ± 3 days and 26 ± 34 days for NOX-A12 (n=10) and ve-
hicle (n=10) treated mice, respectively (p=0.004). Multi-
variate Cox Regression analysis confirmed NOX-A12
treatment as a significant favourable factor for the engraft-
ment after the correction for pre-transplant glycaemia (HR:
6.4; 95% CI: 1.5-25.4; p=0.009). Concordantly, NOX-A12
treatment was able to protect islets by the inflammation-
mediated damage in the MLD-STZ model: the median di-
abetes-free time was 20 ± 2 days and 33 ± 6.9 days for
vehicle (n=12) and NOX-A12 (n=12) treated mice, re-
spectively (HR: 0.296; 95% CI: 0.092-0.945; p=0.04).
Conclusions: CXCL12/SDF-1 blockage by the

Spiegelmer NOX-A12 resulted in an efficient strategy to
improve islet engraftment

232 $ HUMAN AMNIOTIC EPITHELIAL
CELL TRANSPLANTATION IMPROVES
SURVIVAL IN A MOUSE MODEL OF ACUTE
LIVER FAILURE

Roberto Gramignoli1, Veysel Tahan2, Kenneth Dorko2,
Kristen Skvorak2, Stephen Strom1

1Dept. of Pathology, Karolinska University Hospital, Stockholm,
Sweden;
2Dept. of Pathology, University of Pi9sburgh, Pi9sburgh, PA,
United States

Background: Acute liver failure (ALF) can occur after
acute viral hepatitis, acute-on-chronic liver disease, toxin
exposure and/or major liver surgery, and is characterized
by massive acute tissue damage that leads to impaired
hepatic function. In the most severe cases, liver trans-
plantation is the only useful therapy. Hepatocyte trans-
plantation in acute liver failure is used to support liver
functions and enhance regeneration of native liver. A se-
vere shortage of useful hepatocytes limits a wider appli-
cation of this cellular therapy. Stem cell sources are being
investigated for the production of cells for transplants.
Human amniotic epithelial (hAE) cells have been shown
to have characteristics similar to pluripotent stem cells,
have the ability to differentiate into cells from all three
germ layers, are not tumorigenic and when transplanted
into the liver of mice, express human liver genes includ-
ing CYP450, phase II, hepatic transporter and nuclear
hormone receptor genes at levels observed in normal
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adult human liver. In addition, hAE have anti-inflamma-
tory and immunomodulatory effects that may play ben-
eficial role in ALF progression.
Aim: We evaluated the possible beneficial effects of

hAE cell transplants in ALF-induced liver failure.
Materials and Methods: Twenty eight mice received

D-galactosamine (Dgal; 5 g/kg) intraperitoneally. Six
hours later, half of the mice were directly injected with
2x106 hAE cells in the spleen, whereas the remaining an-
imals were injected with saline (ctrl). Seven animals in
each group were sacrificed at day 2 and remaining sur-
viving animals at day 14. Livers and blood were col-
lected to evaluate histopathological, biochemical and
gene expression parameters.
Results: Animals that received d-gal developed severe

liver failure and all untreated or saline treated animals died
within an average of 2.2 days with significant increases in
AST, ALT and TGF-beta levels, and liver pathology con-
sistent with ALF. All d-gal-intoxicated animals that re-
ceived hAE cell transplants survived and appeared healthy
until scheduled sacrifice at day 14. In separate experiments
with animals sacrificed 48 hrs post d-gal treatment, trans-
plant of hAE cells significantly decreased serum AST,
ALT, and TGF-beta levels and decreased hepatic expres-
sion of Interleukin 1-beta, and Tumor Necrosis Factor
alpha, and increased IL-10 expression.
Conclusions: Human AE cell transplantation im-

provedsurvival in mice in a Dgal-induced ALF model.
These results suggest that human AE stem cell trans-
plantation may be a useful cellular therapy for ALF and
have motivated translation to GMP isolation and banking
of hAE at our Institutet for the cellular therapy in liver
diseases. Supported in part by the PKU foundation.

233 $ SAFETY AND FEASIBILITY OF AUTOLO$
GUS MESENCHYMAL STEM CELL IMPLAN$
TATION IN TWELVE DOGS WITH
SUSPECTED DEGENERATIVE MYELOPATHY

Offer Zeira1, Erica Ghezzi1, Le6zia Pe8nari1,
Stefano Comazzi2, Mar6n Konar1, Chiara Briola1,
Carlo Can6le3, Marina Aralla1

1Ospedale Veterinario San Michele, Tavazzano con Villavesco,
Italy;
2Department of veterinary science and public health,
University of Milan, Milan, Italy;
3Department of veterinary pathology, University of Pisa,
Pisa, Italy

Canine degenerative myelopathy (DM) is an adult onset
neurodegenerative disease that occurs in many breeds.
The histopathology is classified as a multisystem cen-
tral-peripheral axonopathy. Similarities between DM in
dog and neurodegenerative diseases such amyotrophic
lateral sclerosis (ALS) were discovered. In both cases
etiology is unknown although overproduction of anti-

bodies and immune complexes, inflammation and apop-
tosis, lack of growth factors, cytotoxicity and oxidative
stress are possible factors. The use of mesenchymal stem
cells (MSCs) in patients with ALS or DM is justified by
their high degree of plasticity, the ability to release
growth factors and modulate the immune system. This
study aims to evaluatethe safety and feasibility of the in-
trathecal and intravenous administration of autologous
MSCs in dogs with suspected DM.

Twelve dogs with chronic and progressive upper motor
neuron clinical signs of the pelvic limbs were included in
the study. In all the patients radiographs, magnetic reso-
nance imaging (MRI; VetGrande, 0.25T, Esaote, Gen-
ova, Italy) and cerebrospinal fluid (CSF) analysis were
negative. DNA exam for superoxide dismutase 1 (SOD-
1) mutation was positive. Autologous bone marrow
MSCs were isolated from each dog, cultured and ex-
panded. In each dog 1x10(6) MSCs was injected in-
trathecaly in cisterna magna, 2x10(6) between L5-L6
space and 0.5x10(6) MSCs/kg intravenously. Follow up
of six months included monthly clinical evaluation, com-
plete blood and biochemistry work up and neurological
evaluation. In all dogs MRI was repeated. Evaluation of
immunitary response on blood samples taken before and
after 4 and 24h from MSCs administration was accom-
plished by means of differentials leukocytes counts and
lymphocyte subset using flow cytometry (FC) after pe-
ripheral blood centrifugation and staining.

MSCs consistently (>98%) expressed their classical
surface markers and were negative for lymphocytes and
hematopoietic cells. None of the dogs had an injection-
related adverse effects. Blood workup and MRI did not
reveal changes compared to previous exams nor onset of
new neurological pathologies. Neurological evaluation
evidenced static clinical signs in two cases. Two dogs
died by natural causes and two dogs were euthanized
after 6 and 9 months due to owner’s request. Three of
them underwent autopsy and DM was confirmed by his-
tology. Six dogs had mild improvement of the hind limb
ataxia and are still alive.

Implantation of MSCs in dogs with DM is a feasible
and a relatively safe procedure. Clinical relevance of the
immunological effects is yet unclear. The results of this
study, together with the fact that neurological status and
the course of DM is variable among affected dogs, en-
courage the selection of a greater, statistically more rele-
vant, group of dogs for similar evaluation. Such enlarged
study may also increase the possibility to apply results
obtained from the canine model in human medicine.

300 $ REGULATORY PATHWAYS
OF INFLAMMATORY CYTOKINES

Alberto Mantovani
University of Milan, Milan, Italy

Macrophages are key orchestrators of chronic inflam-
mation. They respond to microenvironmental signals
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with polarized genetic and functional programmes. M1
macrophages which are classically activated by micro-
bial products and interferon-γ, are potent effector cells
which kill microorganisms and tumors. In contrast, M2
cells, tune inflammation and adaptive immunity; pro-
mote cell proliferation by producing growth factors and
products of the arginase pathway (ornithine and
polyamines); scavenge debris by expressing scavenger
receptors; promote angiogenesis, tissue remodeling and
repair. M1 and M2 cells represent simplified extremes of
a continuum of functional states. Available information
suggests that TAM are a prototypic M2 population. M2
polarization of phagocytes sets these cells in a tissue re-
modeling and repair mode and orchestrate the smoul-
dering and polarized chronic inflammation associated to
established neoplasia. Recent studies have begun to ad-
dress the central issue of the relationship between genetic
events causing cancer and activation of protumor, smol-
dering, non resolving tumor-promoting inflammation.
New vistas have emerged on molecules associated with
M2 or M2-like polarization and its orchestration.
Macrophage polarization has emerged as a key determi-
nant of resolution of inflammation.
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301 $ TISSUE REMODELING:
LEARNING FROM TUMOR
MICROENVIRONMENT

Vincenzo Bronte
University of Verona, Verona, Italy

The clinical inefficiency of cancer immunotherapy is
in part due to the presence of an immunosuppressive
network that favors tumor progression; in fact, by pro-
ducing soluble molecules such as cytokines, inter-
leukins and growth factors, tumors induce an
alternative hematopoiesis that modifies the normal
myeloid cell differentiation, pushing proliferation and
expansion of cells with immunosuppressive function
called myeloid-derived suppressor cells (MDSCs). The
MDSC presence and frequency in blood of tumor pa-
tients is often reported as a prognostic marker that cor-
relates with the clinical outcome and response to
therapy. These cells use distinctive and redundant path-
ways to suppress the proliferation and function of anti-

gen-stimulated T lymphocytes. Although MDSCs are
heterogeneous, it appears that three main immunosup-
pressive cell subsets can be identified: granulocytic,
monocytic and more immature cells, which might be
able to originate the other two subpopulations. Our
knowledge about mechanisms used by MDSC to re-
strain adaptive and innate immunity, the possibility to
generate MDSCs by in vitro culture of bone marrow
precursors, the definition of transcription factors and
microRNAs regulating their in vivo expansion and mat-
uration allow to hypothesize and design novel strate-
gies for MDSC use as regulators of disorders
characterized by excessive or uncontrolled stimulation
of the immune response, such as transplant rejection
and autoimmune diseases.

303 $ ISLET TX AS PARADIGM

Lorenzo Piemon6
Diabetes Research Ins8tute (OSR-DRI), San Raffaele Scien8fic
Ins8tute, Milan, Italy

A non-specific immune response mediated predominantly
by innate inflammatory processes related to mechanics
and site, and pre-existing and transplant-induced auto-
and allo-specific cellular immune responses (possibly
promoted by the initial inflammation) play a major role in
the loss of islets and islet function transplanted in the
liver. Although significantly improved by the implemen-
tation of the immunosuppression, our capacity of achiev-
ing long-lasting insulin independence in patients with T1D
undergoing portal vein islet transplantation remains lim-
ited. This indicates that the detrimental impact of innate
and adaptive immune responses is not fully contained by
the current regimen of generalized immunosuppression.
Prolong intrahepatic islet survival, by increasing the po-
tency of such regimen is not practicable, due to the likeli-
hood of enhancing susceptibility to cancer and infections,
and the toxicity that some of these drugs may have to-
wards kidney functions and transplanted islets. Rather, it
is intuitive that alternative strategies aimed at selectively
inhibiting undesired islet-specific or non specific immune
responses represent an ideal step towards a better man-
agement (i.e.,weaning/withdrawal of generalized immune
suppression) and outcome (i.e., long-lasting insulin inde-
pendence) of islet transplanted T1D patients. Thrombo-
embolic and necroinflammatory events occurring in the
liver early after portal vein islet transplantation are
thought to reduce the total islet mass by up to 75%. The
magnitude of such loss represents a major factor necessi-
tating the extremely large number of islets needed to
achieve normoglycemia. A better understanding and con-
trol of these events - including their likely support to ef-
fector immune responses – is required if we are to
develop ways to prevent them, improve intrahepatic islet
engraftment, and achieve long-term tolerance.
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305 % PORCINE ISLET
XENOTRANSPLANTATION:
PROGRESS AND PERSPECTIVES

Bernhard Hering
University of Minnesota, Minneapolis, MN, United States

Type 1 diabetes (T1D) continues to be a major source of
morbidity and mortality. Human islet allografts restore
normoglycemia and insulin independence, protect from
severe hypoglycemia, and slow progression of mi-
crovascular complications in immunosuppressed type 1
diabetic recipients. These data highlight the potential of
cell-based diabetes therapy.

Prolonged diabetes reversal for more than six months
has now also been achieved after porcine islet xeno-
transplantation in non-human primates (NHP) by five
groups involving the use of various tissue sources (adult,
neonatal, and embryonic pig islet tissue; wild-type and
transgenic), implantation sites (portal vein, omental
pouch, subcutaneous tissue), immunotherapeutic proto-
cols (immunosuppression, encapsulation), and animal
models (streptozotocin-induced and surgical diabetes;
cynomolgus and rhesus monkeys).

New insights suggest that the risk-benefit ratio of pig-to-
human islet xenotransplants could actually be more favor-
able than that of human-to-human islet allotransplants.First,
unlimited and on-demand availability of pig islets will boost
access to islet transplants without waiting time. Second, the
quality of islet products from healthy, young, living and des-
ignated pathogen-free pigs will be predictably high and not
compromised – as with human islet products – by co-mor-
bidity, brain death, age, ischemia, and disease transmission.
Third, because the porcine islet amyloid polypeptide (IAPP)
is considerably less amyloidogenic than human IAPP, trans-
planted pig islets will not be subject to IAPP-induced, non-
immune-mediated graft loss. Fourth, pig islet transplants are
less likely to be recognized by MHC-restricted, autoreac-
tive, CD8+ memory T cells, thereby making posttransplant
autoimmune recurrence less likely. Fifth, preemptive nega-
tive vaccination with donor antigen can be exploited to mit-
igate anti-xenodonor immunity. Sixth, pig islet grafts will be
a treatment option for highly allosensitized patients who ap-
pear to be at no increased risk of xenosensitization compared
to non-sensitized patients. Finally, genetic modification of
source pigs will present opportunities for minimizing recip-
ient immunosuppression not available to recipients of human
islet allografts.

Some of the requirements for clinical translation of pig
islet xenotransplantation have been met. First, the regu-
latory framework established by the FDA and the rec-
ommendations made by the Int’l Xenotransplant
Association and the World Health Organization provide
a safe and suitable framework for conducting clinical tri-
als of investigational porcine islet products in T1D. Sec-
ond, a surveillance and safety program has been
developed to detect, measure, manage, report, and re-
spond to infectious diseases caused by known infectious

agents and, possibly, previously unknown or unexpected
pathogens in individual recipients of pig tissues. Third,
suitable, designated pathogen-free, wild-type source pigs
have been generated for planned pilot clinical trials.
Fourth, significant progress has been made in manufac-
turing clinical-grade pig islet products for use in T1D re-
cipients. However, for clinical trials of pig islet
xenotransplantation to be undertaken with high expecta-
tion of benefit, safe and effective rejection prophylaxis
strategies remain to be developed in NHP that do not in-
terfere with islet xenograft function.

306 $ ISLET CELL TRANSPLANTATION:
IDENTIFYING NEW SOURCES,
IMPLANT SITES AND EFFECTIVE
STRATEGIES FOR IMMUNOPROTECTION

Luca Inverardi
University of Miami, FL, United States

Islet transplantation for the treatment of Type I diabetes
has been proven effective, with many patients no longer
needing insulin administration, regaining normal blood
glucose levels and retaining islet function for years after
the transplant.

Currently, islets are harvested from deceased donors,
they are implanted in the liver, and their survival is de-
pendent on the use of powerful immunosuppressive
agents.

Therefore, there are still many unresolved issues that
require the definition of improved treatment strategies.
Among these, the identification of alternative sources of
islets, the use of a safer implant site and the use of strate-
gies that will allow for islet survival with reduced/no im-
munosuppression.

This presentation will address these three issues and focus
on the identification of novel beta cell sources in the hap-
atopancreatic biliary tree and in the exocrine pancreas, on
the use of the omental pouch as a safer site for islet trans-
plantation and on the potential positive impact of strategies
that aim at the induction of immunoprotection/tolerance by
MDSC (Myeloid-derived suppressor cells).

Additional topics will include the definition of effec-
tive strategies to image and target beta cells in vivo as
well as the use of encapsulation to promote islet survival
and protect islets from immune rejection.

307 $ CASE OF SUCCESSFUL ENDOSCOPIC
PANCREATIC ISLETS AUTO$
TRANSPLANTATION INTO GASTRIC
SUB$MUCOSA IN PATIENT WITH CHRONIC
PANCREATITIS % PRELIMINARY REPORT

Michal Wszola1, Artur Kwiatkowski1,
Andrzej Berman1, Lukasz Gorski1,
Agata Ostaszewska1, Pawel Ziemianski1,
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8Department of Clinical Radiology, Warsaw Medical University,
Warsaw, Poland

Chronic pancreatitis (CP) is a severe illness which may
cause significant deterioration of patients well-being be-
cause of constant pain. Pancreatic cancer and diabetes are
co-morbities which often follow CP. Pancreatic resection
following pancreatic islets autotransplantation might be a
successful therapeutic option for selected group of those
patients. Unfortunately liver cirrhosis, portal vein throm-
bosis or hepatic virus infection (B or C) make standard
transplantation into portal vein impossible. Alternative
implementation sites might be an option for those pa-
tients. Successful islets transplantation into gastric sub-
mucosa in pre-clinical study on pigs1,2 makes gastric
submucosa promising option for future.
Aim of this study was to report a successful resection

of the pancreas and endoscopic islets autotransplantation
into gastric sub-mucosa in man.
Patient and Methods: A 53-year old man with alco-

hol related chronic pancreatitis for 15 years was operated
on 14th of march 2013. In anamnesis: 3 months earlier pa-
tient was diagnosed with type 2 diabetes – only dietary
treatment. Suffering with chronic pain treated with opi-
oid analgesics, 16-years ago underwent antrectomy due
topeptic ulcer perforation, also HBS-Ag positive and di-
agnosed with thrombosis of right portal vein. Patient un-
derwent pancreatectomy and splenectomy modo Child.
Pancreas was immediately flushed with 1000 ml of UW
solution through splenic artery and vein and sent to iso-
lation facility. Islets were isolated, Cobe procedure was
not performed. Endoscopic gastric sub-mucosa trans-
plantation was performed 6 hours later. Levels of fasting
c-peptide was measured prior to procedure and 1, 2, 3, 4,
5, 7, 14 and 30 days post autotransplantation. C-peptide
stimulation (CPS)test was performed prior to procedure
and one month post autotransplantation. Fasting glicemia
and oral glucose tolerance test (OGTT) was performed
prior and 7 and 30 days post transplantation. Control gas-
troscopy and endoultrasonography (EUS) were per-
formed within first week post-trasnplantation.
Results: Isolation: 250 000 IEq (unpurified) was isolated

– 3700 IEq/ kg of patients’ body weight. Pellets had 6 ml

and was suspended in 60 ml of ringer solution. Transplan-
tation: 18 injection was performed -3 to 5 ml of islets sus-
pension was introduced into submucosa of gastric trunk and
fundus. No complication during procedure was observed.
Post-operative period: Patient did not require any insulin
nor oral hypoglicemics post operation. In early post-opera-
tive patient underwent pneumonia and pulmonary em-
bolism successfully treated with antibiotics and Low
Molecular Weight Heparin. POST-procedure gastroscopy
did not revealed any signs of inflammation or ulceration.
EUS did not revealed any fluid collections within gastric
wall. PRE-procedure fasting c-peptide was 1.23 ng/ml.
POST-procedure C-peptide was (in 1, 2, 3, 4, 5, 7, 14, 30
days): 1.11, 1.27, 0.55, 0.94, 1.08, 0.55, 0.69, 1.2, 1.09
ng/ml, respectively. PRE-procedure CPS-test in 0, 5, 10, 15,
30, 60, 120 min was: 1.22, 1.06, 1.35, 1.71, 4.39, 9.63,5.07
ng/ml, respectively. POST-procedure CPS-test was: 1.09,
1.13, 1.31, 3.9, 5.22, 3.82, 1.93 ng/ml, respectively. PRE-
procedure OGTT in 0, 5, 10, 15, 30, 60, 120 min was: 85,
91, 98, 98, 167, 210, 76 mg/dl respectively. POST-proce-
dure OGTT was: 96, 116, 127, 191, 224, 153, 68 mg/dl.
Conclusions: Preliminary results of endoscopic gas-

tric sub-mucosa islets autotransplantation showsthat it
might be an alternative option for islets autotransplanta-
tion in case of patients with contraindication for trans-
plantation into portal vein.
Supported by Fundation for Research and Science De-

velopment - www.fundacja-birn.pl
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308 $ ECTOPIC HEPATOCYTE
TRANSPLANTATION INTO THE PERI$
HEPATIC AND MESENTERIC LYMPH NODES:
PRELIMINARY DATA IN A PRE$CLINICAL
LARGE ANIMAL MODEL

Paulo Fontes1, Junji Komori2, Roberto Lopez1,
Eric Lagasse2
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Introduction: Liver transplantation continues to be the
only effective therapy for end-stage-liver disease
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(ESLD). Unfortunately, over 30% of the patients with
ESLD initially considered as potential transplant candi-
dates are unsuitable for liver transplantation due to addi-
tional medical conditions. This population lacks an
effective therapeutic option that would address both the
control of their portal hypertension (PH) and the subse-
quent enhancement of their functional hepatocellular
mass (HCM). This protocol was developed to create a
reliable site for hepatocyte transplantation in patients re-
ceiving transjugular intrahepatic portosystemic shunt
(TIPS) as part of their minimally invasive therapy for
PH, since TIPS can induce subsequent hepatic atrophy
and progressive liver failure.
Methods: A group of 5 Landrace pigs (~70 kg) un-

derwent a left hepatectomy (LH). The right portal vein
was subsequently ligated (RPVL) in the recipients
(n=3) immediately after the initial LH. Hepatocytes
were obtained from the left liver lobe and were trans-
planted into the lymph nodes (LN) by direct injection.
Three perihepatic (PH) and over 10 mesenteric (MT)
LN were infused with the same technique. These ani-
mals were followed up for 30 days. A subsequent group
of animals (n=2) had a full portacaval shunt (PCS) after
the initial LH. The main portal vein was fully ligated at
the hepatic hylum and reimplanted in the lower inferior
vena cava as previously described. The first animal was
followed up for 30 days and the second animal for 60
days.
Results:All the animals survived the operative proce-

dures, but displayed a transient weight loss with re-
versible mild to moderate hepatocellular damage. The
RPVL group (n=3) had moderate signs of hepatic en-
cephalopathy (HE), treated with Lactulose. The PCS
group (n=2) had moderate to severe signs of HE. Liver
function tests (LFTs) showed a progressive pattern of
liver damage when the 2 groups were compared. The
PCS group showed a higher yield of hepatic engraftment
in LN and a higher proliferation index when compared to
the RPVL group. The final hepatocellular mass obtained
in the ectopic sites was higher in the PCS group followed
up for 60 days.
Conclusions: Ectopic hepatocyte engraftment in

both the PH and MT lymph nodes can be successfully
obtained in an autologous pre-clinical large animal
model when a partial hepatectomy followed by liver
devascularization procedures are combined. The de-
gree of liver injury has a direct impact in the subse-
quent level of cell engraftment and proliferation.
Ectopic liver mass can be macroscopically identified
within the LN while displaying normal parenchymal
architecture. In spite having a full PCS, the animals
showed signs of progressive liver regeneration, con-
trary to the progressive liver atrophy previously seen in
dogs and primates. Ectopic hepatocyte engraftment
into the LN followed the same pattern as previously
described in mice models1, 2.
We would like to thank Dr. Roberto Gramignoli, Dr.

Stephen C. Strom and Dr. Hongzhi Xu for the isolation
and preparation of swine liver cells.

Reference:

1. Hoppo T, Komori J, Manohar R, Stolz DB, Lagasse E. Rescue
of lethal hepatic failure by hepatized lymph nodes in mice.
Gastroenterology 2011; 140:656-666.

2. Komori J, Boone L, DeWard A, Hoppo T, Lagasse E. The
mouse lymph node as an ectopic transplantation site for multi-
ple tissues. Nature Biotechnol 2012; 30:976-983.
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Background: Cell therapy with transplantation of pan-
creatic islets is of significant interest for type-1 diabetes
mellitus. Although transplanted islets survive after intra-
portal injection, limited engraftment efficiency and even-
tual loss of transplanted islets constitutes a major
limitation, and alternative approaches are required. We
evaluated the feasibility of minimal islet mass trans-
plantation into the isolated venous sac with the potential
to correct hyperglycemia in diabetic rats.
Methods: Pancreatic islets were isolated from adult

Lewis rats and transplanted into either isolated venous
sac or intraportaly in diabetic syngeneic rats. The en-
graftment, survival and function of transplanted islets
was determined by histological analysis of tissues, as
well as by glycemic control in animals.
Results: Islets transplanted in isolated venous sac re-

stored euglycemia in diabetic rats, in contrast animals
with intraportal transplantation of islets remained dia-
betic. Morphological studies revealed

that islets transplanted in isolated venous sac had nor-
mal morphology, and maintained expression of insulin.
Removal of islet graft-bearing venous segments in dia-
betic rats led to recurrence of hyperglycemia.
Conclusions: We demonstrated that minimal mass of

pancreatic islets can be successfully engrafted into the iso-
lated venous sac and restore euglicemia in STZ diabetic
rats. Transplantation of pancreatic islets into the isolated
venous sac would prove a major step forward, can be clin-
ically applicable and eventually can solve problems en-
countered with the intrahepatic islet transplantation.
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310 $ THE RELEVANCE OF
SITE ON IMMUNE RESPONSES
AFTER ISLET
TRANSPLANTATION:
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Background: Using a syngeneic mouse model of islet
transplantation (Tx) we have demonstrated that islet in-
fusion in the BM is safe and more efficient in restoring
normoglycaemia than liver.
Aim: The aim of our work is to evaluate whether im-

mune responses after islet infusion are site-dependent
(BM vs Liver).
Methods and Results: A MHC-full-mismatched

mouse model (C57BL/6 islets in alloxan-induced
Balb/c mice) was used to evaluate alloimmune re-
sponse. The time of rejection in the absence of im-
munosuppression was 6 ± 0.82 and 6 ± 0.35 for
Liver-Tx (n=8) and BM-Tx (n=9), respectively
(p=0.896). The time of rejection in the presence of im-
munosuppression (MMF+FK-506) was 10 ± 1.22 and 8
± 2.45 for Liver-Tx (n=5) and BM-Tx (n=7), respec-
tively (p=0.3). A more stringent MHC-full-
mismatched mouse model (Balb/c islets in
alloxan-induced C57BL/6 mice) was used to character-
ize leucocytes infiltration at site of islet infusion at 0, 1,
3, 5, 7, 10, 14 days after Tx by flow cytometry analy-
sis. CD3+ CD4+ and CD3+ CD8+ T cells were preferen-
tially recruited at 7-10 days after Tx in the BM with
islets in comparison to the controlateral sham operated.
A single-antigen-mismatched mouse model (RIP-
LCMV-GP+/- C57BL/6 islets in alloxan-induced
C57BL/6 mice) was used to evaluate single-antigen
islet specific response. To evaluate the ability of islet-
specific response to reject already engrafted islets, RIP-
LCMV-GP+/- C57BL/6 islets were transplanted in liver
(n=12) or BM (n=8) of alloxan-induced RIP-LCMV-
GP-/- C57BL/6 diabetic mice. Post transplant LCMV
infection induced GP-specific immune response lead-
ing to β-cells destruction within 10-14 daysboth of islet
engrafted in liver (n=10) or BM (n=5). To evaluate the
ability of GP- specific memory response to reject islet,
C57BL/6 diabetic micewere transplanted with RIP-
LCMV-GP+/- C57BL/6 islets in liver (n=2) or BM
(n=3) 30 days after LCMV infection. Islets were re-
jected within 5-7 days after Tx without any difference
related to the site of infusion.
Conclusions: BM does not represent a disadvanta-

geous microenvironment in comparison to liver in term
of immune response, suggesting that could be used as al-
ternative site for type 1 diabetes therapy.

311 $ CONTROLLED LOCAL DELIVERY
OF PRO$ANGIOGENIC GROWTH FACTORS
IMPROVE ISLET TRANSPLANTATION IN THE
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Jeffrey A. Hubbell2

1Diabetes Research Ins8tute, University of Miami, Miller School
of Medicine, Miami, FL, United States;
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Lausanne (EPFL), Lausanne, Switzerland

Islet transplantation in the liver through infusion into the
portal vein is the current protocol for clinical trials. Ac-
cording to the CITR 2013 despite promising results, most
patients lose insulin-independence and graft function in
variable times after transplantation. Among the causes is
early graft loss due to immunological, anatomical, phys-
iological and metabolic limitations of the transplant site.
Several alternative sites for islet transplantation have
been proposed in order to minimize early inflammatory
reactions, promote vascularization and easy-accessibil-
ity, mimic physiological insulin release and protect from
immune responses. Among these is the subcutaneous
(SC) site which has easy accessibility but trials in this
site have been disappointing due to poor oxygen tension
and blood supply and lack of neovascularization. An-
other alternative site is the omental pouch which can be
well represented (being too small in mice) by the epi-
didymal fat pad (EFP) that is well vascularized with good
arterial supply, portal drainage and can accommodate
large volumes including unpurified islets.

We have engineered the SC and the EFP sites for islet
transplantation to promote angiogenesis with the goal of
decreasing early graft loss and improving islet engraft-
ment. We have utilized novel fibrin matrices as
biodegradable scaffolds for local controlled release of
pro-angiogenic growth factors through proteolitically
cleavable recombinant fibronectin proteins that can bind
both cells involved in tissue re-vascularization and
growth factors. We chose to use degradable matrices to
prevent fibrotic reactions that have been observed for
permanent scaffolds. We show that in the SC site, 60% of
mice transplanted with a marginal mass of 1,000 IEQ
syngeneic islets within engineered matrices reverse dia-
betes at 40 days post-transplant (average reversal time
38 days, n=5) versus 20% of mice transplanted with
islets alone after 100 days (undefined average reversal
time, n=5). In the SC site, islet engraftment in engineered
matrices is associated with neogenesis of blood vascular
networks by day 7 and full vascularization by day 21. In
the EFP site, 60% of mice transplanted with a marginal
mass of 250 IEQ syngeneic islets within engineered ma-
trices (average reversal time 24 days, n=10) and 10% of
mice transplanted with islets alone reverse diabetes after
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40 days (average reversal time: 85.5, n=8). In EFP grafts,
islet density in grafts retrieved after 100 days and density
of blood vessels is higher in the engineered matrices
group (p<0.05). Also, proportion of beta and alpha cells
in grafted islets is comparable to the one found in native
pancreas. Our findings suggest that by promoting early
re-vascularization of islet grafts we can promote en-
graftment and long-term function in the SC and EFP
sites, which are clinically relevant sites.
This work was funded by JDRF grant# 17-2001-268

and DRIF
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MODULATION OF MICROENVIRONMENT
TO IMPROVE ENGRAFTMENT
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Lorenzo Piemon6
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Background: Bone marrow (BM) has been recently
proposed as an alternative site for islet transplantation
(tx). The BM, for its structure and anatomical position,
offers the possibility to modulate microenvironment by
local interventions.
Aim: The aim of our study was to investigate whether

local irradiation and/or mesenchymal stem cell (MSC)
co-tx in mouse are able to improve islet engraftment and
prevent rejection in BM.
Methods: A model of BM local irradiation was set up:

we established irradiation conditions (932 rad), verified
selective cell depletion and chose the time point for tx (3
days after treatment). MSCs from bone marrow (BM-
MSCs) or pancreatic tissue (pMSCs) were isolated and
characterized for biological and immunomodulatory
properties to choose the best candidate for in vivo co-tx.
Gain of normoglycaemia and time to rejection were eval-
uated in a fully MHC mismatched model of intra BM
islet tx (400 C57BL/6 IEQ in BALB/c). Islets with or
without 300,000 syngeneic MSCs were alternatively in-
fused into irradiated or control femur.
Results: Islet tx into locally irradiated BM had better

outcome compared to not irradiated recipients in terms of
capacity to gain normoglycaemia (100% vs 55% in irra-
diated vs not irradiated mice, p=0.069). Glycaemia in the
first two weeks after tx was significantly lower in the
group of irradiated mice (p=0.047) while time of rejec-
tion was not different among the two groups. Pancreatic
MSCs showed morphology, phenotype and plasticity
comparable to BM-MSC and strong immunomodulatory
properties in vitro, resulting the best candidate for co-tx.
Preliminary results showed that co-tx of pMSCs and
islets in irradiated recipients improved the probability to
gain normoglycaemia (100% vs 33% in islets+pMSCs

vs islet alone group, respectively) and delays the time of
rejection (10.2 ± 4.3 vs 4.0 ± 0 days in islets+pMSCs vs
islet alone group, respectively).
Conclusions: Local irradiation of the site of implant

and co-tx of pancreas-derived MSCs and pancreatic
islets in the BM are promising strategies which can be
combined together for the modulation of islet engraft-
ment and survival.

313 $ MICROENCAPSULATION OF
PANCREATIC ISLETS THROUGH
CONFORMAL COATING OR THROUGH
STANDARD ALGINATE CAPSULES FOR
TRANSPLANTATION IN ABSENCE OF
SYSTEMIC IMMUNOSUPPRESSION IN MICE

Alice A. Tomei1, Vita Manzoli1, Chiara Villa1,
Christopher Fraker1, Jaime Giraldo1, Diana Velluto2,
Antonello Pileggi1, Ruth D. Damaris1,
Camillo Ricordi1, Luca Inverardi1, Cherie Stabler1,
Jeffrey A. Hubbell2

1Diabetes Research Ins8tute, University of Miami,
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2Ins8tute of Bioengineering, Ecole Polytechnique Fédérale
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Islet transplantation (IT) may cure type-1 diabetes (T1D)
but current protocols require life-long systemic im-
munosuppression (SI) to prevent graft rejection. SI is the
main cause of adverse events associated with IT. In order
to increase safety of the IT procedure and to treat young
patients, an alternative and safer anti-rejection therapy
needs to be implemented. Immunoisolation of pancreatic
islets (PI) with biocompatible hydrogels through cell en-
capsulation allows transplantation in absence of SI in ro-
dents but has failed in pre-clinical and clinical settings.
Reasons for these failures are unknown. We hypothesize
that the large size of conventional microcapsules along
with in vivo instability of encapsulation materials are
among the possible causes of failure. The large size of
microcapsule (600-1000 µm) diameter reduces diffusion
of oxygen and nutrients to enclosed cells and causes
delay in insulin secretion. Also, large microcapsule size
increases IT volume thus limiting the choices of trans-
plant site to the peritoneal cavity, which is not ideal due
to the non-optimal kinetics of insulin absorption and lack
of vascularization. In addition to microcapsule size, con-
ventional encapsulation materials like alginate are sub-
jected to in vivo remodeling, including swelling and
change in permeability and permselectivity to molecules
that are involved in triggering immunological responses.

To address this we have developed and optimized a
method to conformally coat islets by shrink-wrapping
them with polyethylene glycol (PEG) hydrogels that
minimizes capsule size and graft volume while control-
ling coating perm-selectivity and in vivo stability. We
have shown that rodent islets can be completely coated
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with a thin (10-20µm) layer of hydrogel that does not af-
fect islet viability and function in vitro (as assessed by
live/dead and ROS staining, GSIR index and delta, per-
ifusion up to 14 days) and in vivo in syngeneic murine
models of islet transplantation (700 IEQ/mouse, kidney
capsule). We have also shown that conformal coatings
are immunoisolating and prevent rejection of fully
MHC-mismatched pancreatic islets in mice in a bio-
engineered epididymal fat pad (EFP) site (1000
IEQ/mouse) without SI (100% protection from allore-
jection >100 days PTX vs. 100% rejection of naked islets
at 9-12 days, n=2). In addition to this we have optimized
conventional alginate microencapsulation by minimiz-
ing capsule size (450-550µm in diameter) and by using
ultra-pure clinical grade materials that are highly bio-
compatible. Optimized microcapsules transplanted in a
bioengineered EFP site reverse diabetes at day 1 PTX
and maintain glucose homeostasis. We are currently
comparing the safety and efficacy of conformal coating
encapsulation with optimized alginate microencapsula-
tion in vitro and in vivo in rodent models of islet allo-
transplantation.

Our findings suggest that conformal coating allows
complete immunoisolation of allografts and it might
allow cell transplantation in absence of SI. Future work
will focus on determining whether conformal coating en-
capsulation is superior to alginate microencapsulation for
islet transplantation in absence of SI.
This work was funded by JDRF grant# 17-2012-361

and DRIF.

314 $ IN VITRO IMMUNOGENICITY OF
ALGINATE MICROENCAPSULATED HUMAN
HEPATOCYTES
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Robin D. Hughes, Celine Filippi, Sharon C. Lehec,
Fabiane B. Klem, Ragai R. Mitry
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Background: Transplantation of alginate microen-
capsulated human hepatocytes without the use of im-
munosuppession is an attractive approach for the
management of acute liver failure. The biocompatibility
of the alginate microbeads is an important issue for effi-
cacy following transplantation into the peritoneum. The
microbeads themselves or antigen shedding through mi-
crocapsule pores, may initiate a host immune response
from the encapsulated cells and subsequently lead to an
inflammatory reaction and cell death.
Aim: To investigate the alloimmune response toward

clinical grade microencapsulated human hepatocyte in
vitro.
Materials and Methods: Microbeads were produced

using an encapsulator (250µm nozzle) with sterile grade,
highly purified sodium alginate (PRONOVA™ SLG20:
low viscosity, high guluronic acid). Empty and human

hepatocyte (3.5x106 cells/ml alginate; n=4) microbeads
were polymerised in 1.2% calcium chloride. Peripheral
blood mononuclear cells (PBMCs) were obtained from
four healthy adults. PBMCs were either cultured alone
(monoculture) or co-cultured with empty or hepatocyte
alginate microbeads. The ratio of PBMCs to hepatocytes
was 1:5. Microbead morphology was examined before
and after co-culture with PBMCs. The frequency of ac-
tivation of T-lymphocyte, B cells, NK cells and mono-
cytes was analysed 24h post co-culture by flow
cytometry using antibodies to CD3, CD4, CD8, CD25,
CD14, CD40L, CD38, CD56, CD19, and CD54.
Results: Empty and hepatocyte microbeads were of

uniform shape and size (diameter: 500 ± 100µm). After
24hr in co-culture with PBMCs, both empty and hepato-
cyte microbeads were intact and maintained their uniform
shape with no PBMCs adherent to their surface. There
was no significant difference in the level of activation
markers expression on PBMCs co-cultured with empty
or hepatocyte microbeads compared to PBMCs in mono-
culture. Interestingly, human hepatocyte microbeads de-
creased the frequency of CD14+CD25+ activated
monocyte on PBMCs (mean 2.66 ± SEM 0.80) in co-cul-
tures compared to PBMCs monocultures (45.65 ± 10.98).
Conclusions: This study provides evidence that clini-

cal grade human hepatocyte microbead biocompatible
with the human peripheral immune system in vitro.

315 $ PROLONGED EUGLYCEMIA
FOLLOWING INTRAPERITONEAL
TRANSPLANTATION OF ENCAPSULATED
PORCINE ISLETS
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Rahul Krishnan1, Tom Spizzo3, Michael Mar6n3,
Remick Stahl1, Jonathan RT Lakey1,2
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3Spring point Project, Minneapolis, MN, United States

The limitations of current islet transplantation including
the scarcity of organ donors, consistency of human islet
isolations and the negative complications of chronic im-
munosuppression have stimulated researchers to explore
both xenoislet transplantation and encapsulation to pro-
tect transplanted islets from the immune response. Our
research group’s focus has been the development of a
novel, robust, and scalable method of isolating and puri-
fying piglet islets coupled with a stable alginate based
microcapsule. The aim of this study was to demon-
strate survival and function of these encapsulated
porcine islets transplanted in diabetic immunocom-
promised and immmunocompetent mice.
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Six to eight-week old Athymic Nude (Nude) and
C57BL/6 mice (n=20 per group, 10M/10 F) were rendered
diabetic with a single IV dose of streptozotocin (150
mg/kg). Diabetes was confirmed after 3 consecutive days
of hyperglycemia and mice were maintained on insulin
(Lantus, 1-2u/day SC) until islet transplantation. Control,
non-transplanted mice (Nude and C57BL/6) were main-
tained on insulin for 28 days. Pancreatic tissue from pre-
weaned Yorkshire piglets (22 ± 0.4 days old) was cultured
(37oC/5%CO2) after partial enzymatic digestion. After 7
days of culture, islets were then encapsulated in 3% algi-
nate (capsule diameter 487 ± 2.7um). Groups of diabetic
mice were then transplanted with 3,000 encapsulated
porcine islets into the peritoneal cavity. Mice were moni-
tored daily for general health, 3 times a week for non-fast-
ing blood glucose levels and weekly for body weight. Islets
were evaluated post isolation and after explantation using
islet enumeration (IEQ), viability (Newport green/PI) and
function (GSIR, Stimulation Index (SI)=insulin released in
28mM glucose over insulin released in 2.8mM glucose).
No immunosuppression was administered to any mice.

Prior to transplantation, capillary non-fasting blood
glucose in non-transplanted and control diabetic mice av-
eraged 551.7 ± 24mg/dL in Nude and 504.5 ± 43 in
C57BL/6 mice (mean ± sem). All transplanted mice be-
came euglycemic after islet transplantation. Average
blood glucose levels were at 30 days (167.2 ± 23mg/dL,
Nude; 141 ± 24mg/dL, C57BL/6), at 60 days (Nude
139.0 ± 25mg/dL, Nude; 126 ± 12mg/dL, C57BL/6) and
at 90 days (122.9 ± 8 mg/dL, C57BL/6) post transplant.

Explanted encapsulated islets collected at the conclu-
sion of the study were viable (76.5 ± 3% Newport
Green/PI) and functional as demonstrated by GSIR
SI=1.95 ± 0.4; (n=10) within the alginate capsules.

These studies demonstrate that encapsulated piglet
islets, isolated using a novel protocol and encapsulated in
alginate microcapsules, can survive and function after
intraperitoneal transplant in both Aythmic Nude and fully
immunocompentent C57BL/6 diabetic mice. This data is
critical to design primate studies and ultimately clinical
trials using this technology.

316 $ ENDOTHELIAL PROGENITOR CELL
&EPC' CO$TRANSPLANTATION ENHANCES
THE ENGRAFTMENT OF PANCREATIC
ISLETS AND MAY INVOLVE CONNEXIN
36 &CX36' INTERACTIONS
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Islet transplantation is limited by apoptosis of insulin-se-
creting β-cells and suboptimal revascularization post-trans-
plant. EPCs have the potential to promote islet engraftment,
but their mechanism of interaction with β-cells is unknown.
Cx36 is expressed on β-cell sand may be involved in in-
tercellular communication within islets. The interaction be-
tween islets and EPCs was investigated in vitro, and
theability of EPCs to improve islet transplantation was
tested in vivo in a syngeneic marginal mass mouse model.
C57B6 islets were isolated by Liberase® digestion and den-
sity purification. Bone marrow-derived EPCs were en-
riched by culture in defined mediumand confirmed to
express endothelial markers (CD31 and E-selectin), bind
lectin and uptake acetylated low-density lipoprotein by
flow cytometry. To investigate soluble mechanisms, islets
were cultured with EPC-conditioned medium and tested
for glucose-stimulated insulin release. Secreted insulin was
detected by ELISA and corrected for total protein. Stimu-
lation indices were calculated as secretion at 20mM glu-
cose divided by basal secretion (at 3mM).
EPC-conditioned islets had an increased basal insulin re-
lease (0.7 ± 0.22 ng/min/mg total protein; n=7) compared
to controls (0.2 ± 0.04 ng/min/mg; n=6; p<0.05). However,
they had reduced ability to upregulate insulin release in
high glucose (stimulation index = 1.3 ± 0.5 compared to
4.2 ± 0.9 for controls; p<0.05). Effects on gene expression
were analysed by PCR using Taqman® primers (normaliz-
ing to the house-keeping geneB2m) following non-contact
co-cultures where islets were cultured above EPC mono-
layers. Co-cultured islets down-regulated the expression of
Cx36 (0.4 ± 0.05 fold relative to control islets; n=18;
p<0.05). There was no difference in expression of the In-
sulin gene between groups. These data suggest that Cx36
expression is modulated during intercellular communica-
tion between β-cells and EPCs, resulting in dysregulated
insulin release. Diabetes was induced in C57B6 mice by
streptozotocin (200mg/kg) and a marginal mass of islets
(200) was transplanted under the kidney capsule with or
without d7 EPCs (1x106cells). Blood glucose levels (BGL)
were monitored for 28d with cure defined by two consec-
utive BGL <11.1mM. Graft function was assessed in cured
mice by intraperitoneal glucose tolerance test (IPGTT) with
2g/kg glucose. Mice co-transplanted with EPCs had an im-
proved cure rate (83% at d14; n=12) compared to mice re-
ceiving islets alone (20%; n=10; p=0.002). There was no
significant difference in IPGTT.
Conclusions: The interaction of islets with EPCs

causes the modulation of Cx36 in vitroand the improve-
ment of islet engraftment during pancreatic islet trans-
plantation. This may represent the adoption of a
‘survival’ islet phenotype where baseline insulin secre-
tion is maintained during vascular remodeling – albeit in
a dysregulated fashion.
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Introduction: Type 1 diabetes mellitus (T1DM) re-
sults from a cell-mediated autoimmune attack against
pancreatic beta cells confirmed with positive antibodies
against glutamic acid decarboxylase (GAD). Among
them 30% of patients develop end-organ failure. Stem
cell therapy (SCT) has promising results in regeneration
of injured tissues/cells as well as in correcting immune
dysregulation. We present our experience of co-infusion
of autologous and allogeneic adipose tissue derived in-
sulin secreting mesenchymal stem cells (IS-AD-MSC)
along with hematopoietic stem cells (HSC) in a cohort of
patients with T1DM.
Materials andMethods: This was an Institutional Re-

view Board approved prospective non-randomized open-
labeled clinical trial after informed consent of 20 patients
(15 males and 5 females) with T1DM for SCT. Their
mean disease duration was 9 ± 5.51 years. Mean age was
19.95 ± 8.35 years with mean weight of 49.9 ± 14 kg.
Our study includes GAD antibody positive, T1DM pa-
tients with history of diabetic ketoacidosis. Associated
findings were keratoconus, parathyroid adenoma pro-
ducing hyperparathyroidism, attention deficit disorder,
depression, mitral valve prolapse, nephritic syndrome
and non-autoimmune hypothyroidism each in 1 patient
and autoimmune thyroiditis was noted in 2 patients who
were diagnosed as polyglandular autoimmune syndrome
type-3 during the treatment. They were monitored for
blood sugar levels, serum c-peptide, GAD antibodies and
glycosylated hemoglobin (Hb1Ac) at 3 monthly inter-
vals post-therapy. Patients/donors were subjected to adi-
pose tissue resection for in vitro generation of
IS-AD-MSC and bone marrow (BM) aspiration for gen-
eration of HSC. Generated SCs were infused in liver
through portal circulation since liver is the most tolero-
genic organ, in thymus to generate central tolerance and
subcutaneous tissue of abdomen since that is the most
immunologically privileged site. SC infusion was per-
formed via femoral catheterization under local anesthe-
sia. Exogenous insulin administration was made on
sliding-scale with an objective of maintaining fasting
blood sugar (FBS) <150 mg/dL and post-prandial blood
sugar (PPBS) < 200 mg/dL. Associated findings were
managed independently in all patients.

Results: Total mean quantum of SC infused was 99.5
± 22.5 mL with mean nucleated cell count of 2.38
× 104/µL and mean CD34+ 0.57%. Mean CD45-/90+
and CD45-/73+ were 47.22% and 24.66% respectively.
All the generated cells expressed transcription factors
ISL-1, PAX-6 and IPF-1. No untoward effect of SCT was
noted. Variable and sustained improvement in mean
FBS, PPBS, HbA1C and serum C-peptide was noted in
all patients over a mean follow-up of 43.94 ± 19.8
months. Mean GAD antibody has decreased from 525.15
to 120.15 after treatment. Mean insulin requirement de-
creased from 60.89 IU/day to 39.76 IU/day. There was
no significant difference in acquiring insulinopenic stage
between allogeneic and autologous infusion. There was
absence of ketoacidotic episodes in all of them after SCT.
All of them are feeling good with weight gain and im-
proved energy levels.
Conclusions: Co-infusion of IS-AD-MSC with BM

derived HSC offers a safe and viable therapy for T1DM.

318 $ CO$INFUSION OF INSULIN SECRETING
AND HEMATOPOIETIC STEM CELLS WITH
RENAL TRANSPLANTATION OFFERS BETTER
GLYCEMIC CONTROL AND PROTECTION OF
THE RENAL ALLOGRAFT FROM IMMUNE
INJURY IN DIABETES MELLITUS WITH END
STAGE RENAL DISEASE %
AN INITIAL EXPERIENCE

Vivek Kute, Hargovind L Trivedi, Shru6 S Dave,
Aruna V Vanikar, Umang G Thakkar, Himanshu V Patel

Department of Nephrology and Transplanta8on Medicine,
IKDRCITS, Ahmedabad, India

Introduction: Diabetes mellitus (DM) is a common
cause of end stage renal disease (ESRD). Various factors
contribute to wide fluctuations in blood glucose levels
and exogenous insulin requirement in these patients even
after renal transplantation (RT). Therapeutic options for
such patients are simultaneous kidney-pancreas trans-
plants or stem cell therapy (SCT) with RT. We present
an initial experience of SCT preceding RT in diabetic
nephropathy leading to ESRD.
Material and methods: Five patients (4 males, 1 fe-

male, mean age 39 ± 11 years) suffering from DM since
12.4 ± 4.7 years and ESRD since 7.8 ± 1.64 months, un-
derwent living donor RT (LDRT) following co-infusion
of in vitro generated insulin-secreting cells differentiated
from donor adipose tissue derived mesenchymal stem
cells (ADMSC) and bone marrow (BM)-derived
hematopoietic SC (HSC) into subcutaneous tissue, por-
tal and thymic circulation. Pre-infusion conditioning was
done with Bortezomib, 1.3 mg/m2 body surface area with
methylprednisone 125 mg, on day 1, 4, 8 and 11, and rab-
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bit anti-thymocyte globulin, 1.5 mg/kg BW on day 12.
SC were infused on 14th day and RT was performed on
any day from 16th to 19th day after favourable immune
response (lymphocyte cross match).
Results: Total quantum infused was 86 ± 16 ml, out

of which 2 ml were infused in thymus, 54 ml in portal
and 30 ml subcutaneously. Total nucleated cell count was
5.05 ± 0.83 x 106/kgBW, HSC CD34+, 2.85 ± 1.43x
104/kgBW, ADMSC CD 90+/73+, 0.82 ± 0.26 x
104/kgBW and insulin-making cells 1.48 ± 0.28 x
104/kgBW. SC infusion was uneventful.

Over a follow-up of 7.97 ± 4.91 months, their pre-
transplant weight of 56 ± 16 kg is sustained at 59.6 ±
15.2 kg, fasting and post-prandial blood sugar of 213 ±
26mg/dL and 295 ± 30mg/dL respectively sustained at
94 ± 5.2mg/dL and 145 ± 21 mg/dL respectively, and
HbA1c of 9.1 ± 0.54 % is reduced to 6.7 ± 0.40% with
sustained insulin requirement of 25 ± 10 IU/day which
was 75 ± 29 IU/day before ESRD and 32 ± 12 IU/day
pre-transplant. They all have stable graft function with
serum creatinine, 0.96 ± 0.05 mg/dL and zero rejection
on Tacrolimus, 0.05 mg /kg and prednisone, 10 mg /day.
Conclusion: This initial single centre experience of

co-infusion of insulin secreting and hematopoietic stem
cells subcutaneously and in portal and thymic circulation
followed by renal transplantation shows better glycemic
control and protection of the renal allograft from immune
injury in diabetes mellitus with end stage renal disease.
SCT with RT will open up safe and effective avenues for
diabetic nephropathy patients.

319 $ HUMAN HEPATOCYTE
TRANSPLANTATION

Anil Dhawan
King’s College Hospital, London, United Kingdom

Liver transplantation is the accepted method of treatment
for end stage liver disease. The improvements in patient
and graft survival have mainly resulted from the devel-
opments in immunosuppressive drug therapy. Advances
in surgical techniques, now allow the use of auxiliary
liver transplantation in the management of patients with
acute liver failure and certain liver based metabolic de-
fects such as Crigler-Najjar syndrome, urea cycle de-
fects, and familial hypercholesterolaemia. The success
of auxiliary transplantation in humans has supported the
observation in animal experiments that relatively small
amounts of liver tissue can correct the underlying meta-
bolic defect. This has led to the interest in using human
hepatocytes for cell transplantation in the management
of various liver-based metabolic conditions and acute
liver failure.

There are a number of potential advantages of hepato-
cyte transplantation if the technique can prove success-
ful. It avoids the risks and undertaking of major surgery
and as the native liver is still in place can help bridge a

patient to whole organ transplant or allow liver regener-
ation in the case of acute liver failure. There is the pos-
sibility of better utilisation of donor organs which remain
in short supply, particularly if methods can be developed
to isolate good quality hepatocytes from marginal donor
livers, currently rejected for clinical transplantation. He-
patocyte transplantation has been used as a new treat-
ment for acute liver failure and metabolic liver diseases
such as Crigler-Najjar syndrome type I , glycogen stor-
age disease type 1a , and urea cycle defects for long-term
correction of the underlying metabolic deficiency.

Considerable progress has been made in bringing he-
patocyte transplantation to the bedside. However, there
are a number of areas for improvement and development.
In terms of the livers currently available to isolate hepa-
tocytes, fatty livers are those most commonly rejected
for clinical transplantation and represent an important
potential source for hepatocytes. Thus improvement of
the outcome of isolation and purification of cells from
fatty livers is key part of future research plans.

There is no doubt that stem cells offer the potential to
overcome the current limitations of both supply of hepa-
tocytes and the extent of repopulation of the liver after
transplantation. Human foetal hepatocytes, presumably
with greater numbers of stem cells, were administered
intraperitoneally to patients with fulminant hepatic fail-
ure in 1994. Our group has since used alginate micro en-
capsulated human hepatocytes in the management of
acute liver failure in new born babies with success in
avoiding transplantation or as bridge to transplantation.

Sources of stem cells for therapy could be foetal he-
patocytes, cord blood, embryonic, and bone marrow.
This is the focus of research world-wide on stem cell bi-
ology and there is no doubt that there are many hurdles
to cross before any clinical application. If these are over-
come then stem cells could differentiate into all types of
liver cells, be easier to cryopreserve and thaw with good
function, have proliferative capacity in vitro and in vivo,
may be less immunogenic and could be used for in vitro
gene therapy. Autotransplantation of stem cells would
avoid the need of immunosuppression and its attendant
problems and this could be combined with specific gene
replacement eg. ornithine transcarbamylase, bilirubin
glucuronyltransferase.

In summary the experience gained so far in the han-
dling of hepatocytes and hepatocyte transplantation gives
a good basis for the application of the stem cell tech-
nologies now being developed.

320 $ HEPATOCYTE TRANSPLANTATION
AND REGENERATION IN THE TREATMENT
OF LIVER DISEASE

Ira Fox
University of Pi9sburgh, Pi9sburgh, PA, United States

Hepatocyte transplantation holds promise as an alternative
to organ transplantation for the treatment of liver disease.
Clinical trials of hepatocyte transplantation have demon-
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strated the long-term safety of the procedure, but only par-
tial and short-term correction of metabolic disorders has
been achieved. In the laboratory, host conditioning with
low-dose liver-directed radiation facilitates repopulation of
the native liver by transplanted hepatocytes and can lead
to complete correction of models of hereditary metabolic
deficiencies. Since the ability to diagnose and treat cell
transplant rejection is limited, monitoring of peripheral
blood donor specific CD154+ T cell activity for rejection
risk following hepatocyte transplantation may allow opti-
mization of immune suppression to produce better long-
term disease correction. With respect to the most common
indication for liver transplantation, decompensated end-
stage cirrhosis, we have discovered that chronic injury sta-
bly reprograms the critical balance of transcription factors
and that diseased cells can be returned to normal function
by re-expressing a subset of critical transcription factors, a
process similar to the type of reprogramming that induces
somatic cells to become pluripotent or to change their cell
lineage. Forced re-expression of HNF4α re-induces ex-
pression of the other hepatocyte-expressed transcription
factors, immediately restores the phenotype of diseased he-
patocytes in vitro, and rapidly reverses terminal liver fail-
ure in vivo by phenotypically correcting diseased
hepatoctyes, not by stimulating their replacement by new
hepatocytes or stem cells.

321 $ THE EX$VIVO ASSEMBLY AND
TRANSPLANTATION OF A LGR6+
EPITHELIAL STEM CELL$DERIVED HYBRID
GRAFT USING COMMON ACELLULAR
MATRICES TO AUGMENT WOUND
HEALING AND NASCENT HAIR GROWTH
IN TISSUES DEVOID OF ADNEXAL
STRUCTURES

Denver Lough1,2, Damon Cooney2, Shaun Mendenhall1,
Mei Yang1, Joel Reichensperger1, Lisa Cox1,
Nicole Cosenza1, Nathan We7er1, Carrie Harrison1,
Michael Neumeister1

1Surgery/Plas8c Surgery, SIU School of Medicine, Springfield, IL;
2Plas8c and Reconstruc8ve Surgery, The Johns Hopkins Hospital,
Bal8more, MD, United States

Background: Previous research shows that the migra-
tion of the Leucine-rich repeat-containing G-protein cou-
pled Receptor epithelial stem cell (LGR5+ and LGR6+
ESC) into wounds augments healing and permits nascent
hair growth in areas devoid of these cells following local
full thickness soft tissue trauma. Here, we assess the
LGR-expressing cell’s potential as a hybrid graft in full
thickness soft tissue wounds with the goal of developing
an easily assembled biological dressing to provide pa-
tients with their own focal epithelial stem cell population,
capable of growing functional, hair producing skin.
Methods: GFP expressing LGR6+ ESCs were isolated

from C57BL/6 (UBC-GFP) mice using FACS gated on
CD34, CD73, and LGR6. These cells were then seeded on

a variety of acellular matrices. Viability and attachment was
assessed using confocal, scanning electron microscopy and
bioluminescence. LRG6+ ESC seeded matrices were
placed into acute 3rd degree burn wound beds of Nu/Nu
mice and monitored for viability, wound healing, and
growth factor expression. Bioluminescent imaging sup-
ported LGR6+ ESC confluence within the graft as well as
transplant viability. Healing rates were documented and
compared between mice receiving the LGR6+ ESC en-
riched grafts vs. control. On days 0, 5, 10 and 15, grafted
areas were harvested and assessed for gross, microscopic
and molecular healing using digital imaging, immunofluo-
rescence, RT-PCR, and angiogenic proteome array analysis.
Results: LGR6+ seeded matrices show significantly

enhanced gross wound healing and up regulation of key
WNT, EGF, VEGF and angiogenesis mRNA transcripts
and peptides, when compared to matrix-only and nega-
tive controls. Additionally, those full thickness wound
beds receiving the LGR6+ ESC hybrid grafts were ca-
pable of growing nascent hair from the wound bed within
a Nu/Nu murine model.
Conclusions: Here, we suggest a novel role for an

LGR6+ ESC-enriched hybrid graft for the development
of a fully transplantable living matrix for use in tissue
engineering and reconstructive transplantation. Further-
more, with the epithelium being a major source of al-
loantigenicity, this system can be used to develop a series
of chimeric epithelial expansion foci for engraftment
within more complex composite tissue allografts in order
to promote tolerance.

322 $ MESENCHYMAL STROMAL CELLS
&MSCS' PRIMED WITH PACLITAXEL AS
TOOL FOR CARRYING AND DELIVERING
THE DRUG IN CANCER THERAPY

Valen6na Coccè1, Arianna Bonomi1,
Loredana Cavicchini1, Francesca Sisto1,
Maura Ferrari2, Luisa Pascucci3, Giulio Alessandri4,
Eugenio Para64, Enrico Lucarelli5, Augusto Pessina1

1Department of Biomedical, Surgical, and Dental Sciences,
University of Milan, Milan, Italy;
2Is8tuto Zooprofila:co Sperimentale della Lombardia e
dell’Emilia Romagna, Brescia, Italy;
3Department of Biopathological Sciences and Hygiene of Animal
and Food Produc8ons, University of Perugia, Perugia, Italy;
4Department of Cerebrovascular Disease, Fondazione IRCCS
Neurological Ins8tute C. Besta , Milan, Italy;
5Is8tu8 Ortopedici Rizzoli, IOR, Bologna, Italy

Mesenchymal stromal cells (MSCs) can be easily isolated
from bone marrow and adipose tissue and cultured and ex-
panded in vitro. Their migratory capacity and tropism to
solid tumors (both primary and metastatic) have increased
the interest in their use as a “carrier” to transport mole-
cules for cancer therapy. Many methodologies have been
described to create “engineered” MSCs capable of secret-
ing therapeutic cytokines, pro-drugs or inhibitory factors.
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As previously demonstrated, MSCs derived from
human bone marrow, if exposed to high doses of Doxoro-
bicin, are able to inhibit, without any manipulation, the
proliferation of hematopoietic stem cells (HSCs). We
therefore assessed whether human mesenchymal stromal
cells (hMSCs) in vitro loaded with Paclitaxel (PTX), were
able to release the drug in sufficient quantity to inhibit the
proliferation of tumor cells. The incorporation of the drug
into hMSCs was analyzed by FACS and confocal mi-
croscopy, using PTX FITC-labeled probe, and the release
of PTX in the cellular culture medium (CM) has been
demonstrated by liquid chromatography HPLC. The
hMSCs loaded with PTX (hMSCsPTX) show some de-
gree of chemo-apoptosis, but 80% of the hMSCsPTX are
inhibited to proliferate maintaining their viability and ca-
pacity to release PTX in the CM in a time-dependent man-
ner. The ultrastructural analysis of hMSCsPTX with
transmission electron microscope (TEM) showed that the
treatment with PTX does not induce morphological alter-
ations. Leukemic cells are attracted and bound by MSCs
as demonstrated by the formation of “rosettes” (aggregates
of hMSCs surrounded by a “crown” of leukemia cells
MOLT-4) in in vitro co-cultures. The morphology of
rosettes analyzed with TEM and SEM (scanning electron
microscopy) revealed the presence of cytoplasmic and nu-
clear damage in MOLT-4 adherent to hMSCsPTX.

The anti-tumor effects of hMCSsPTX were demon-
strated by in vitro experiments: CM obtained from hM-
SCsPTX inhibit the proliferation of MOLT-4 and other
human tumor lines (DU-145 prostate cancer, glioblas-
toma T98G). Furthermore, in vivo experiments in nude
mice have demonstrated that hMSCsPTX co-injected
subcutaneously with tumor cells (MOLT-4, DU145 and
U87MG glioblastoma), inhibit the early stages of tumor
proliferation; if hMSCsPTX were injected into pre-
formed tumoral nodules, they reduced the capacity of en-
graftment and tumor vasculature. We demonstrated that
also mature stromal cells, as human skin derived fibrob-
lasts (hSDFs), had the same properties of hMSCs. In
vitro experiments showed that hSDFs loaded with PTX
(hSDFsPTX) released the drug in a time-dependent man-
ner and their CM inhibited tumor growth in vitro.

Our data demonstrate that hMSCs, without the need of
any genetic manipulation, can be used as “drug carrier”
opening their application for new complementary anti-
cancer therapeutic approach.

323 $ MESENCHYMAL STEM CELLS AS
DELIVERY VEHICLE OF PORPHYRIN
LOADED NANOPARTICLES: EFFECTIVE
PHOTOINDUCED IN VITRO KILLING
OF OSTEOSARCOMA

Serena Duchi1, Giovanna Sotgiu2, Enrico Lucarelli1,
Marco Ballestri2, Barbara Dozza1,3, Augusto Pessina4,
Davide Dona61,3, Greta Varchi2

1Osteoar8colar Regenera8on Laboratory, Rizzoli Orthopaedic
Ins8tute (IOR) , Bologna, Italy;
2Ins8tute for the Organic Synthesis and Photoreac8vity (ISOF),
Na8onal Research Council (CNR), Bologna, Italy;
3Department of Biomedical and Neuromotor Sciences
(DIBINEM), Alma Mater Studiorum University of Bologna,
Bologna, Italy;
4Department of Biomedical, Surgical and Dental Sciences,
University of Milan, Milan, Italy

Osteosarcoma (OS) is the most common primary tumor of
human bone and the most frequent bone sarcoma in children
and adolescents1. Current treatments consist of multiple
modalities, traditionally including amputation or limb spar-
ing surgery as well as chemotherapy. The estimated 5-year
survival is 65%. Unfortunately, most of the current drugs are
infused systemically and cause harsh side effects. The poor
outcome in the efficacy of therapy is due in part to an in-
ability to deliver the drugs to the infiltrative tumor cells.
Therefore, significant efforts need to be undertaken to de-
velop new delivering strategies. One approach is to dispense
therapeutic agents using mesenchymal stem cells (MSC)
which have the unique ability to home and engraft in the
tumor stroma. The therapeutic potential of MSC is in fact
not only linked to a broad spectrum of biological activities
such as anti-inflammatory, immunomodulative and tissue
reparative activities thanks to expression of genes encoding
a large variety of important growth factors and cytokines.
They also could represent an ideal vehicle for targeted drug
delivery, since they can be loaded with therapeutic agents,
while maintaining their ability to migrate to sites of disease2.

In this study we evaluated the efficacy of a combined
strategy in which MSC are used as a delivery vehicle for
photodynamic therapy (PDT), an approach that applies
light and molecular oxygen in combination with a pho-
tosensitizing agent3, to selectively eliminate cells.

For our purposes, we used biocompatible multi-func-
tional core-shell poly(methylmethacrylate) (PMMA)-
based core-shell nanoparticles (NPs) loaded with
meso-tetrakis(4-sulfonatophenyl) porphyrin (TPPS). In
addition, NPs are fluorescently labeled by incorporation
of fluorescein (FNPs) in the inner hydrophobic core,
while the external shell is decorated with amino groups
and a number of ammonium salts, able to electrostati-
cally bind TPPS (TPPS-NPs). These molecules are well
known to exhibit a high photo-activity and to generate
ROS after excitation with 405nm emission wavelength
source. ROS species represent the cytotoxic agents re-
sponsible of cell death. The very stable and light-ac-
tivable TPPS-NPs are then efficiently loaded into MSC.

Our results demonstrate that TPPS-FNPs are effi-
ciently taken up by MSC at a concentration of 45µg/ml
without evident sign of toxicity, as shown by cytofluori-
metric analyses and different proliferation/cytotoxicity
assays. Then, through laser confocal microscopy and
time lapse imaging of TPPS-FNPs-MSC co-cultured
with OS cells in vitro, we tested the ability of this system
to induce cell death when stimulated with laser light. In
order to roughly mimic in vivo conditions, we carried out
the co-culture experiment with a 1:5 (MSC vs OS cells)
ratio, demonstrating the high effectiveness of our system
even in this environment. TPPS-FNPs loaded MSC can
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in fact induce controlled and massive cells death of them-
selves and of OS cells in a short time frame right after
stimulation with laser light. Collectively these encour-
aging preliminary data indicate that our bio-system could
represent an efficient targeted delivery strategy in killing
human OS cells. Our results proponea novel yet thera-
peutic option for the treatment of bone sarcomas and
other tumors, such as breast cancer and gliomas, all of
which currently require different therapeutic approaches
to overcome recurring and drug treatment failures.
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The use of human fetal cells may have interesting applica-
tions in Regenerative Medicine. Particularly, the fetal tis-
sue is expected to contain a larger number of “immature”
cells than the adult tissue, without posing the ethical dilem-
mas of the embryonic tissue. We report that cells from
human fetal dermis, termed multipotent fetal dermal cells
(MFDCs), can be isolated with high efficiency by using a
non-enzymatic, cell outgrowth method. The employed iso-
lation method is rapid and simple, does not require a pu-
rification step, and it is easily reproducible. Moreover, it
yields a quite homogeneous cell population which could
be expanded up to 28 passages under standard culture con-
ditions. The expanded cell population have features of mes-
enchymal stromal cells. MFDCs were plastic-adherent, had
fibroblastic appearance, were >90% CD90, CD105, and
CD73-positive, and negative for hematopoietic markers
CD34, CD14, CD45, and for HLA-DR. Moreover,
MFDCs exhibited osteo-, adipo- and chondrogenic differ-

entiation capacities. As MFDCs proliferate extensively,
with no loss of the multilineage differentiation potential up
to passage 25, they may be an ideal source for cell therapy
to repair damaged tissues and organs. In addition, MFDCs
were not recognized as targets by lymphocyte T in vitro,
thus supporting their feasibility for allogenic transplanta-
tion. Moreover, the expansion protocol did not affect the
normal phenotype and karyotype of the cells evaluated by
classic cytogenetic analysis. When compared with adult
dermal cells, fetal cells displayed several advantages, in-
cluding a greater cellular yield after isolation, the ability to
proliferate longer, and the retention of differentiation po-
tential. Interestingly, MFDCs exhibited the pluripotency
marker SSEA4 (90.56 ± 3.15% fetal vs. 10.5 ± 8.5% adult),
and co-expressed mesenchymal and epithelial markers
(>80% CD90+/CK18+ cells), suggesting a broad potency
and a predisposition toward the epithelial differentiation of
fetal dermal cells. MFDCs differentiated into epithelial-
like cells after DMSO treatment, and were also able to form
capillary structures in an angiogenesis assay.

In conclusion,the most interesting aspect of our study is
the fact that multipotent cells can be successful isolated
from small fetal skin biopsies and maintained in culture
for long periods, with retention of multipotency, stability
and low immunogenicity, thus generating large quantities
of cells and supporting their feasibility in clinical settings.
Possible applications of MFDCs could concern tissue en-
gineering for bone reconstruction. If we could obtain
bone tissue starting from a small skin biopsy this would
dramatically facilitate the use of tissue engineering meth-
ods. Given the promising results, the future perspective is
to translate the concept of MFDCs as cells of therapeutic
interest into experimental models of tissue regeneration.

325 $ ISOLATION AND CHARACTERIZATION
OF HUMAN ROTATOR CUFF TENDON STEM
CELLS
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Rotator cuff (RC) tendons are often prone to lesions and
raptures, as 30 to 50% of the population over fifty suffers
of partial- and full-thickness RC tears. Several ap-
proaches have been developed over the years, including
the use of growth factors, bone morphogenetic proteins
and, more recently, stem cells. Among adult stem cells,
bone marrow mesenchymal stromal cells (BMSCs) are

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 53



by far the most studied, although tendon-derived pro-
genitor cells (TSPCs) have been found in several animal
species, including humans1,2. However, the isolation of a
cell population with stem cells characteristics from the
human rotator cuff has yet to be reported.
Methods: Human tendon samples (from the

supraspinatus and the long head of the biceps) were col-
lected during rotator cuff tendon surgeries from 26 pa-
tients, washed with PBS, cut into small pieces, and
digested with collagenase type I and dispase. After cen-
trifugation, cell pellets were resuspended in appropriate
culture medium and plated. Adherent cells were cultured,
phenotypically characterized, and then compared to
human bone marrow stem cells (BMSC), as an example
of adult stem cells, and human dermal fibroblasts, as nor-
mal proliferating cells with no stem cell properties.
Results: Two new adult stem cell populations (from the

supraspinatus and from the long head of the biceps ten-
dons) were isolated, characterized, and cultured in vitro.
Cells showed adult stem cell characteristics, i.e. they were
self-renewing in vitro, clonogenic, and multipotent, as they
could be induced to differentiate into different cell types,
namely osteoblasts, adipocytes and skeletal muscle cells.
Conclusions: This work demonstrated that human ro-

tator cuff tendon stem cells (HRCSC) and human long
head of the biceps tendon stem cells (HLHBSC) can be
isolated and possess a high regenerative potential, which
is comparable to that of BMSC4. Moreover, comparative
analysis of the sphingolipid pattern of isolated cells with
that of BMSC and fibroblasts revealed the possibility of
using this class of lipids as new possible markers of the
cell differentiation status.
Clinical Relevance: Rotator cuff and long head of the

biceps tendons contain a stem cell population that can
proliferate in vitro and could constitute an easily acces-
sible stem cell source to develop novel therapies for ten-
don regeneration.
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Background and aims: New sources of insulin-secret-
ing cells are strongly required for the cure of type 1 dia-
betes. Recent successes in differentiating human
embryonic stem cells (ESC), in combination with the dis-
covery that it’s possible to derive human induced pluripo-
tent stem cells (hiPSC) from somatic cells, have raised the
possibility that a sufficient amount of patient-specific in-
sulin-secreting islet-like cells might be derived from pa-
tients cells through cell reprogramming and differentiation.
Methods: We performed the differentiation of hiPSC,

derived from the reprogramming of both fetal and adult
fibroblasts, in insulin-producing cells, optimizing some
protocols already established for ESC. The expression of
marker genes of pancreas differentiation was measured
through real-time PCR analysis (Taqman) and expressed
as fold changes (FC) compared to undifferentiated
hiPSC. Proteic expression was confirmed by cytofluori-
metric analysis. HiPSC differentiated in vitro at two dif-
ferent stages (posterior foregut and endocrine cells) were
transplanted under the kidney capsule of NOD/SCID
mice. One, four, eight and twelve weeks after transplan-
tation the secretion of human C-peptide after oral glu-
cose administration was measured and an
immunohistochemical analysis of grafts was performed.
Results: With this protocol we were able to obtain the

down-regulation of the pluripotency genes Oct4 and Nanog
and the up-regulation of the definitive endoderm genes
Sox17 and Foxa2 (28.3 ± 11.8 and 6.5 ± 3.6 FC) and of the
pancreatic endoderm genes Pdx1, Ngn3 and Nkx2.2 (7883
± 153.1, 90 ± 6.8 and 17.6 ± 10.5 FC). At the end of the dif-
ferentiation process the production of insulin mRNA was
highly increased (65484 ± 977 FC) and 5 ± 2.9% cells re-
sulted insulin-positive; terminally differentiated cells also
produce C-peptide in vitro (1.7 ± 0.1 ng/mL). In mice trans-
planted with differentiated hiPSC secretion of human C-pep-
tide after glucose stimulus was observed at 1 and 2 months
after transplantation (C-peptide mean release at 30 minutes:
0.52 ± 0.1ng/mL). Hystochemical analysis of the grafts
showed the presence of pancreatic (Pdx1, ChgB, Syp posi-
tive) but also pluripotent cells (Sox2, Oct4, Ki67 positive).
Conclusions: in vitro results show that hiPSC, follow-

ing the stages of pancreatic organogenesis, differentiate in
insulin producing cells. Furthermore, in vivo study sug-
gests that some differentiated cells engraft and survive in
the recipient mice, but highlight the necessity to look for
new markers in order to select and transplant only the dif-
ferentiated pancreatic cells, avoiding the contamination
of pluripotent cells with tumorigenic potential.

327 $ DIFFERENTIATION OF EMBRYONIC
STEM CELLS UNDER MODULATED OXYGEN
CONDITIONS INCREASE STAGE 4
NKX6.1+ CELLS AND IN VIVO MATURATION
TO BETA CELLS

Amanda DiIenno1, Anna Kokensparger1,
Jennifer Hollister-Lock2, Susan Bonner-Weir2,
Clark Colton1
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1Chemical Engineering, Massachuse9s Ins8tute of Technology,
Cambridge , MA, United States;
2Sec8on on Islet Cell Biology and Regenera8ve Medicine,
Joslin Diabetes Center, Boston, MA, United States

Pluripotent stem cells (PSC) hold promise for cell re-
placement therapy and investigation of embryonic de-
velopment. However, efficient differentiation to desired
cell types remains a major obstacle. Most PSC differen-
tiation is performed in high, non-physiological O2, but
cells during embryonic development are exposed to
much lower O2. Here we report a wide-ranging study
showing that physiological O2 markedly influences dif-
ferentiation to insulin-producing cells. We differentiated
CyT49 human embryonic stem cells (hESC) under dif-
ferent, well-characterized pO2 environments, controlling
cellular oxygen exposure through adhesion culture on
highly O2-permeable silicone rubber membranes,using a
modification of the 5-stage protocol reported by ViaCyte,
Inc (San Diego, CA) (D’Amour 2006 Nature Biotech).
Each stage was examined at multiple controlled high and
low oxygen levels, and O2 conditions were identified that
increased the fraction of the appropriate intermediate cell
type by flow cytometry or increased expression of ap-
propriate genetic markers by real-time PCR. The best
differentiation was produced by an oxygen-modulated
protocol. Differentiation under 5% O2 from hESC to de-
finitive endoderm (stage 1), primitive gut tube (stage 2),
and to posterior foregut (stage 3), then under 20% O2 to
pancreatic endoderm (stage 4) and insulin-producing
cells (stage 5) gave rise to a cell population that was 43%
positive for NKX6.1, after stage 4, and was 10% positive
for both c-peptide and NKX6.1 after stage 5. In compar-
ison, differentiation of cells at normoxic oxygen (20%
O2) gave rise to a population that is 33% positive for
NKX6.1 after stage 4 but 3% positive for both c-peptide
and NKX6.1 after stage 5. Both normoxic and the mod-
ulated oxygen differentiations produced cells that pas-
sively secreted c-peptide into the medium but were not
glucose responsive. Pancreatic endoderm markers
NKX6.1 and PDX1were increased by a factor of two and
four respectively for the controlled-hypoxia (5% stage
1-3, 20% stage 4-5) when compared to the normoxic
condition (20% stage 1-5). After differentiation to pan-
creatic endoderm (stage 4) under the modulated oxygen
condition or normoxia, 1 million were implanted under
the kidney capsule of SCID/beige mice to allow matura-
tion into functional beta cells. Human c-peptide was de-
tected in serum of 2/8 animals containing
oxygen-modulated grafts (one at 12 weeks, the other at
20 weeks post implantation) and 0/8 of animals with nor-
moxic grafts 60 min after stimulation with glucose.
Grafts from the same 2 mice transplanted with modu-
lated oxygen differentiation cells had cells positively im-
munostained for insulin and for a cocktail of non-beta
cell hormones. Mice from both groups had cells positive
for non-beta cell hormones but no insulin. Based on these
results, O2 combined with directed differentiation proto-
cols is a potentially straightforward method that could
be applied to future hESC therapy protocols for im-
proved differentiation and maturation to beta cells.

328 $ RESVERATROL PROMOTES
MYOGENESIS AND HYPERTROPHY
IN MURINE MYOBLASTS

Anna Montesano1, Livio Luzi1,2, Pamela Senesi1,
Nausicaa Mazzocchi3, Ileana Terruzzi3

1Department of Biomedical Sciences for Health,
University of Milan, Milan, Italy;
2Research Centre, San Donato Hospital and Scien8fic Ins8tute,
San Donato Hospital and Scien8fic Ins8tute, Milan, Italy;
3Nutri8on-Metabolism Unit , San Raffaele Scien8fic Ins8tute,
Milan, Italy

Nutrigenomics elucidate the ability of bioactive food
components to influence gene expression, protein syn-
thesis, degradation and post-translational modifications.

Resveratrol (RSV), natural polyphenol found in grapes
and in other fruits, has a plethora of health benefits in a
variety of human diseases: cardio- and neuroprotection,
immune regulation, cancer chemoprevention, DNA re-
pair, activation of Sirtuins (SIRT 1), prevention of mito-
chondrial disorder, avoidance of obesity-related disease.
Inskeletal muscle, RSV acts on protein catabolism and
muscle function, conferring resistance against oxidative
stress, injury and cell death, but itsaction mechanismsand
protein targets in myogenesis process are not completely
known. Myogenesis is a dynamic multistep process reg-
ulated by Myogenic Regulator Factors (MRFs), respon-
sible of the commitment of myogenic cell into skeletal
muscle: mononucleated undifferentiated myoblasts break
free from cell cycle, elongate and fuse to form multinu-
cleated myotubes. Skeletal muscle hypertrophy can be
definite as a result of an increase in the size of pre-exist-
ing skeletal muscle fibers accompanied by enhanced pro-
tein synthesis, regulated by Insulin Like Growth Factor 1
(IGF-1) and the PI3-K/AKT signaling pathways.

Aim of this work was the study of RSV effects on cell
cycle regulation, differentiation process and hypertrophy
in C2C12 murine cells.

To study proliferation, cells were incubated in growth
medium with/without RSV (0.1 or 25 µM) for 24, 48, 72
hours. To examine differentiation, at 70% confluence, cells
were maintained in growth medium or transferred in dif-
ferentiation medium both with/without RSV (0.1 or 25µM)
for 24, 48, 72, 96 hours. After 96 hours of differentiation,
hypertrophy genesis in neo-formed myotubes was analyzed.

Datashowed that RSV could regulate cell cycle exit
and induce C2C12 muscle differentiation. Furthermore,
RSV might control Myogenic Regulatory Factors ex-
pression and muscle-specific proteins synthesis. In late
differentiation, we evaluated the positive effects of RSV
on hypertrophy: RSV increased AMPK, IGF-1 and ERK
1/2 proteins content and induced hypertrophic morpho-
logical changes in neo-formed myotubes modulating cy-
toskeletal proteins expression.

RSV might control cell cycle to promote myogenesis
and hypertrophy in vitro, opening a novel field of appli-
cation of RSV in clinical conditions characterized by
chronic functional and morphological muscle impairment.
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329 $ PERIBILIARY GLANDS STEM CELLS
AND PANCREATIC DUCT GLANDS
COMMITTED PROGENITORS:
STEMNESS, BETA CELL DIFFERENTIATION
POTENTIAL AND CELL$SURFACE MARKERS
FOR PROSPECTIVE ISOLATION

Giacomo Lanzoni1, Yunfang Wang2, Eliane Wauthier2,
Cai-Bin Cui2, Tsunekazu Oikawa2, Guido Carpino3,
Vincenzo Cardinale4, Domenico Alvaro4,
Eugenio Gaudio5, Mark Furth6,
Juan Domínguez-Bendala1, Lola Reid2, Luca Inverardi1

1Diabetes Research Ins8tute, University of Miami, Miami,
FL, United States;
2Department of Cell and Molecular Physiology and Program
in Molecular Biology and Biotechnology, University of North
Carolina School of Medicine, Chapel Hill, NC, United States;
3Department of Health Science, University of Rome
“Foro Italico”, Rome, Italy;
4Department of Anatomical, Histological, Forensic Medicine
and Orthopedics Sciences,
University of Rome “La Sapienza”, Rome, Italy;
5Department of Medico-Surgical Sciences and Biotechnologies,
Polo Pon8no, University of Rome “La Sapienza”, Rome, Italy;
6Comprehensive Cancer Center, Wake Forest Bap8st Medical
Center, Winston Salem, NC, United States

The existence and the phenotypic traits of stem/progenitor
cells in the postnatal pancreas are actively debated. This is
hindering investigations aimed at determining whether
such populations might be involved in pathological
processes in type 1 and type 2 diabetes. Moreover, ways
to isolate stem/progenitor cells from cadaveric donors or
surgical resections could pave new paths for regenerative
strategies for diabetes. We investigated the presence of
cells with stemness signatures in the pancreas and biliary
tree of cadaveric donors. We performed in situ immuno-
fluorescence for markers of pluripotency, proliferation,
early and late pancreatic commitment, and endocrine mat-
uration. We isolated cell cultures under conditions de-
signed for stem cells: Kubota Medium (KM) and plastic
adherence. We assessed the in vitro differentiation poten-
tial of the isolated cells in a serum-free hormonally de-
fined medium (HDM-P) and extracellular matrix components
tailored for an islet fate. We tested the in vivo differentiation
potential into immunocompromised Rag-/-/Ilrg2r-/-mice chem-
ically rendered diabetic with streptozotocin. The most
primitive stem cell populations were found in peribiliary
glands of the hepato-pancreatic common duct: these cells
express biomarkers for both liver and pancreas, including
markers of pluripotency, endodermal lineage, and early
hepatic and pancreatic commitment (NANOG+, OCT4+,
SOX2+/-, SALL4+, SOX17+, PDX1+, SOX9+ and
NKX6-1+ subpopulations, NGN3-). Populations with sig-
natures of committed progenitors (SOX17-, PDX1+,
NGN3+ and SOX9+ subpopulations) were present in
PDGs. Populations at different stages of development
were discriminated by combinations of the surface mark-

ers EpCAM, SSEA4 and Syndecan-1. Cell cultures were
isolated in KM and differentiated to a mature fate in
HDM-P. The cells matured into glucose-regulatable, in-
sulin-producing cells both in culture and after transplan-
tation in vivo. The net findings were that peribiliary glands
(PBG) of the biliary tree bear stem cells of endodermal
nature and pancreatic duct glands (PDG) harbor pancreatic
progenitors. Cells are organized in proximal-to-distal mat-
urational lineages: PBG cells near the duodenum express
at high levels markers of pluripotency and early hepato-
pancreatic commitment; committed progenitors in PDGs
display a loss of pluripotency and hepatic markers and in-
creased expression of pancreatic endocrine maturational
markers. Biliary tree stem cells may precur committed
progenitors within the pancreas and islet cells.

PBG cells can be instructed to lineage restrict to a spe-
cific adult fate under defined culture conditions or if
transplanted in vivo. Combinantions of the cell-surface
markers EpCAM, SSEA4 and Syndecan-1 can be used to
distinguish the lineage stage and represent a novel tool
for the immunoselection of stem and progenitor cells for
the beta cell fate.

330 $ HUMAN FETAL HEPATOCYTES
CULTURED IN HIGH DENSITY DISPLAY
MATURE HEPATOCYTIC FUNCTIONS

Cinzia Chinnici1, Francesca Timoneri1,
Giandomenico Amico1, Giada Pietrosi2,
Giovanni Vizzini2, Marco Spada3, Jorg C Gerlach4,
Bruno Gridelli1,3, Pier Giulio Conaldi1,5

1Regenera8ve Medicine and Biomedical Technology Unit,
Fondazione Ri.MED, Palermo, Italy;
2Department of Medicine, Mediterranean Ins8tute for
Transplanta8on and Advanced Specialized Therapies (ISMETT),
Palermo, Italy;
3Department of Surgery, Mediterranean Ins8tute for
Transplanta8on and Advanced Specialized Therapies (ISMETT),
Palermo, Italy;
4Department of Surgery and Bioengineering, McGowan
Ins8tute for Regenera8ve Medicine, University of Pi9sburgh,
Pi9sburgh, PA, United States;
5Department of Laboratory Medicine and Advanced
Biotechnologies, Mediterranean Ins8tute for Transplanta8on
and Advanced Specialized Therapies (ISMETT), Palermo, Italy

Human hepatocyte transplantation entered clinical practice
more than 10 years ago aiming to treat inborn errors of liver
metabolism, and also fulminant liver failure with favorable
results. However, a major challenge of hepatocyte trans-
plantation is the limited supply of donor organs to isolate
good quality cells. Hepatocytes for transplantation are ob-
tained from steatotic livers, or those undergoing a long cold
ischemia time, and also from surgical leftovers. We re-
cently reported a phase I-II clinical study where freshly iso-
lated human fetal liver cells (FLCs) were transplanted to
bridge patients with chronic liver disease to solid organ
transplantation, with encouraging and safe clinical results.
The functional characterization of FLCs was conducted
through the establishment of primary cultures, and by using
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adult hepatocytes and fetal liver MSC-like precursors as
positive and negative control cells, respectively.On the
basis of morphological and functional evaluations, we dis-
tinguished two groups of FLCstermed early-gestation
(from 16 to 19 week-gestation) and late-gestation FLCs
(from 20 to 22 week-gestation). The early-gestation FLC
cultures were populated by various clusters of proliferating
cells, while contained few hepatocytes. Consequently, they
displayed poor liver-specific functions. On the contrary, the
late-gestation FLC cultures contained cells that did not di-
vide in vitro, but were functionally competent and similar
to mature hepatocytes. Cultured 22-week-gestation fetal
hepatocytes in particular, secreted albumin, synthesized
urea and showed cytochrome P450 activity, isoform
CYP3A4, and glucose-6-phosphatase enzymes at levels
comparable to that of their adult counterparts. Treatment
with dexamethasone in combination with oncostatin M in-
duced a further maturation of fetal hepatocytes, which ac-
quired additional functions, i.e., the ability to store
glycogen and perform uptake of the vital stain indocyanine
green (ICG). We also observed that the hepatic functional-
ity was strongly dependent on culture conditions, with a
low density culture system leading to rapid loss of the he-
patocytic phenotype. In two weeks, these cultures became
populated by spindle-like cells that were expanded up to
35 passages, and displayed a predominant mesenchymal
phenotype after three subcultivations (approximately 75%
CD90+, CD105+, and CD73+). On the basis of these obser-
vations, we conclude that late second trimester human fetal
hepatocytes might be a valid alternative to adult hepato-
cytes in liver cell-based therapies, thus overcoming the dif-
ficulty of obtaining functional cells from unused livers for
transplantation. Moreover, the high frequency of cells with
features of precursors isolated from FLC cultures might
improve the drawbacks of obtaining intrahepatic stem/pre-
cursors for clinical purposes, due to the low frequencies of
cell precursors within the organ. Since FLCs can be long-
term cryopreserved in the presence of 10% DMSO, with-
out significant loss of viability and functions (e.g., plating
efficiency and albumin secretion evaluated up to 1 year
storage in liquid nitrogen), our results also suggest a novel
approach for FLC transplantation by introducing the use
of thawed cells, which will ultimately increase the number
of available cells for transplantation.
This work was supported by a grant from the Fon-

dazione Ri.MED and from the University of Pittsburgh
Medical Center.

331 $ BETAIN SUPPLEMENT ENHANCES
SKELETAL MUSCLE DIFFERENTIATION
IN MURINE MYOBLASTS VIA IGF$1
SIGNALING ACTIVATION

Pamela Senesi1, Livio Luzi1,2, Anna Montesano1,
Nausicaa Mazzocchi3, lleana Terruzzia3

1Department of Biomedical Sciences for Health ,
University of Milan, Milan, Italy;

2Research Centre, San Donato Hospital and Scien8fic Ins8tute,
San Donato Hospital and Scien8fic Ins8tute, Milan, Italy;
3Nutri8on-Metabolism Unit, San Raffaele Scien8fic Ins8tute,
Milan, Italy

Betaine (BET) is a component of many food, including
spinach and wheat. It is an essential osmolyte and a
source of methyl groups. Recent studies have hypothe-
sized that BET might play a role on athleticperformance.
However, BET effects on skeletal muscle differentiation
and hypertrophy remain not completely known.

In this study, we examined BET action on neo my-
otubes maturation and myogenesis, using C2C12 murine
myoblastic cells. By dose-response study, we determined
that 10 mM BET was the dose able to stimulate mor-
phological changes and hypertrophic process in neo my-
otubes. Using RT2-PCR array strategy to identify the
expression profile of genes, encoding proteins involved
in IGF-1 pathway, we found that 10 mM BET could pro-
mote IGF-1 receptor (IGF-1 R) expression. Western blot
and immunofluorescence analysis pointed out that, in
neo myotubes, 10 mM BET improved not only IGF-1
signaling, but also the synthesis of Myosin Heavy Chain
(MyHC), the major skeletal muscle marker. Moreover,
10 mM BET increased neo myotubes length.

In addition, we investigated BET role on myoblasts pro-
liferation and differentiation. During proliferation, BET
did not modify C2C12 proliferative rate, but promoted-
myogenic induction, enhancing MyoD protein content and
cellular elongation. During differentiation, BET raised
muscle-specific markers and IGF-1 R protein levels.

These findings provide the first evidence that BET
could promote muscle differentiation and myotubes size
by IGF-1 pathway activation, indicating that BET might
represent a possible new drug/integrator strategy, not
only in sport performance but also in clinical conditions
characterized by muscle function injury.

400 $ CLINICAL EXPERIENCE WITH
IMMUNOSUPPRESSIVE DRUGS

Giuseppe Remuzzi
Mario Negri Ins8tute for Pharmacological Research,
Bergamo, Italy

Organ transplantation has proven to be an effective ther-
apeutic for a large variety of disease states, but the
chronic immunosuppression required for allograft sur-
vival increases the risk for infection and neoplasia. In the
past 50 years, a wealth of experimental data has accu-
mulated relating to strategies to preserve function and
prolong graft survival. These strategies operate by in-
ducing peripheral or central tolerance to the allograft,
with protocols based on regulatory T cell induction as
the most promising ones. However, as these protocols
move into the clinic, there is recognition that little is
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known as to their efficacy when confronted with the
human immune system: pre-existing memory T cells and
“heterologous immunity” in Ag-experienced humans but
not in immunologically naive rodents, infections and
early activation of innate immune response and the re-
lated inflammation-induced cytokine milieu that inhibit
Treg activity while augmenting the T effector response,
all pose significant barriers to tolerance induction.

A better understanding of cellular and molecular mech-
anisms by which memory T cells and innate immunity
modulate transplantation tolerance and detailed immuno-
logical studies of the rare “spontaneous tolerant” patients
may lead to development of combined strategies that tar-
get and modulate the immune system at multiple levels.

Since the first successful renal transplantation in Boston
in 1954, more than a million such procedures have been
performed worldwide. By strikingly minimizing the inci-
dence of acute rejection, immunosuppressive drugs have
led to overall improvements in allograft and patient sur-
vivals. However, the improved short-term survival rates
have come at a cost: these drugs generally need to be given
for the entire life, induce many indirect and direct side-ef-
fects and pose an increased risk of life-threatening com-
plications, infections and malignancies. Furthermore these
therapies have had little effect on the inexorable loss of
transplanted organs because of chronic allograft rejection.

Recent trends in long-term survival rates have indicated
a progressive improvement of renal allograft half-lives, but
this has been only observed in patients who never had an
acute rejection episode. These data emphasize the critical
role of the recipient’s alloimmune response as a major de-
terminant of transplant outcome and highlight the need to
develop novel strategies to induce immunologic donor-spe-
cific tolerance defined as a lack of a destructive immune re-
sponse towards the graft in the presence of generalized
immune competence. Ideally, tolerance should also trans-
late into a lack of chronic rejection and late graft loss.

401 $ METABOLIC EFFECTS
OF IMMUNOSUPPRESSIVE AGENTS

Livio Luzi
University of Milan, Milan, Italy

Cellular and organ transplantation have the highest rate of
success when autologous or from a twin living donor with
the notable exception of transplanting cells/organs in pres-
ence of autoimmunity. Autoimmunity recurrence make it
always necessary the utilization of immunosuppressive
agents. Endocrine organs are particularly susceptible to
elicit antigens evoking auto-antibodies. Type 1 diabetes,
Hashimoto thyroditis, Addison disease, celiac disease are
all characterized by organ-specific autoimmunity.

Most immunosuppressive drugs have potent metabolic
effects aside the immune-modulation effect. Therefore in
endocrine diseases, the action of immunosuppressive drugs
must be carefully balanced to avoid negative effects on the

graft and the whole recipient as the development of de novo
diabetes. The metabolic effects of immunosuppressive
drugs will be presently reviewed systematically highlight-
ing metabolic methodology required for correct assessment
and follow up of the metabolic outcome of the graft.

Genetic and epigenetic factors of donor and recipient
which may determine the final outcome of the graft will
be reviewed. The panel of drugs and food integrators
available to counteract metabolic effects of immune-sup-
pression will be also reviewed.

402 $ ANTI$INFLAMMATORY NUTRITION;
IMPLICATIONS FOR CELL
TRANSPLANTATIONS AND REGENERATIVE
MEDICINE

Camillo Ricordi
University of Miami, Miami, FL, United States

It is becoming evident that inflammation plays an impor-
tant role not only in obesity, diabetes and other chronic de-
generative conditions, but also in immune-mediated events
that could condition long term graft survival, autoimmu-
nity and tolerance induction strategies. The understanding
of the molecular mechanisms behind the control of the in-
flammatory process is only beginning to be understood, but
natural components of the diet can affect molecular targets
and modulate inflammatory responses with important im-
plications for providing an attractive and cost-effective al-
ternative to more traditional pharmacologic interventions.
This presentation will outline linkages between diet, hor-
mones and genetic factors affecting inflammation, and how
nutrition could play a role for preventing chronic low-level
inflammation and subsequent immune-mediated events
that could condition the success of cellular terapies and re-
generative medicine clinical applications.

403 $ EYE REPORTS ON THE STATUS
OF THE ENDOCRINE PANCREAS

Per-Olof Berggren
Karolinska Ins8tutet, Stockholm, Sweden

The islets of Langerhans constitute the endocrine pancreas
and are responsible for maintenance of blood glucose home-
ostasis. They are deeply embedded in the exocrine pancreas
and therefore their accessibility for functional studies is lim-
ited. To understand regulation of function and survival and
assess the clinical outcome of individual treatment strategies
for diabetes, a monitoring system continuously reporting on
the endocrine pancreas is needed. We describe the applica-
tion of a natural body window that successfully reports on
the properties of in situ pancreatic islets. As proof of princi-
ple “reporter islets” were transplanted into the anterior cham-
ber of the eye of leptin-deficient mice. The “reporter islets”
displayed obesity-induced growth and vascularization pat-
terns that were reversed by leptin treatment. Hence “reporter
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islets” serve as optically accessible indicators of islet func-
tion in the pancreas, and reflect the efficiency of specific
treatment regimens regulating islet plasticity in vivo.

404 $ WHAT HAVE WE LEARNED
FROM POST$MORTEM STUDIES
IN GRAFTED PATIENTS WITH
HUNTINGTON’S DISEASE?

Francesca Cicche8
CRCHUL/Université Laval, Québec, QC, Canada

Cell therapy offers the possibility of replacing degener-
ated neurons thereby improving the symptoms of neu-
rodegenerative diseases such as Huntington’s disease
(HD). However, clinical benefits in patients with HD, if
any, have been transient and modest. Grafts have been
demonstrated to survive well at 18 months in one patient
with HD, but graft survival was markedly attenuated by
10 years in two other patients from this transplantation
cohort. It is critical to delineate the causes of graft de-
generation if such therapies will be utilized in patients
with a goal of achieving meaningful clinical benefit.
Similar challenges may also accrue to future stem cell
therapies. I will discuss the potential causes of subopti-
mal long-term graft survival in HD patients, which we
suggest include allograft immunoreactivity, microglial

405 $ DEFINED STEM CELL THERAPEUTICS
FOR NEURODEGENERATIVE CONDITIONS.
A PROMISING APPROACH

Alfredo Gorio
Università degli Studi di Milano, Milan, Italy

Transplantation of NSCs to the injured CNS improves neu-
ronal survival and functional outcome in short-medium
term experiments are fundamental features already well
demonstrated. However, longer term outcomes pose seri-
ous problems.Pluripotent embryonic stem cells have the po-
tential to generate a wide variety of cell types but exhibit an
increased tumorigenic potential and lack target specificity
when used for cell transplantation in the injured nervous
system. The use of neural progenitor cells (NPCs) that have
already undergone linage restriction reduces concerns about
aberrant (non-neuroglial) phenotypes in the fully differen-
tiated daughter cells, although their ability to generate a va-
riety of surviving neuronal phenotypes is less certain. A
successful transplantation of NPCs in acute neurodegener-
ation requires their survival in an unfavourable environment
characterized by complex conditions of ischemia-like syn-
drome and neuroinflammation. Adult NSCs and ES cells
accumulate at spinal cord injury (SCI) site, improve func-
tional recovery, and die within 3 weeks. In view of such re-
sults we aimed at isolating ischemia-resistant neural
precursors (PM-NPCs), their transplantation favours axonal
regeneration, formation of a rich neuropile at injury site, and

permanent recovery of function in models of spinal cord in-
jury and Parkinson’s disease. We have recently been paying
attention also to autologous adult stem cell sources. The dif-
ferentiation potential and the ease of their isolation have
made the multipotent mesenchymal stem cells very impor-
tant for the development of a vast range of clinical applica-
tions in regenerative medicine and many laboratory and
clinical settings have focused their attention on their use and
development. Here we report our findings on human adi-
pose tissue-derived stem cells (hADSCs) obtained from
micro-fractured Lipogems-derived adipose tissue. The use
of such a device allows the successful establishment of
hADSCs colonies even without liberase H1 treatment, and
after cryopreservation at -80°C. Differently it is difficult to
obtain hADSCs from cryopreserved lipoaspirate. The cell
cycle analysis showed that 75% of cells are in G0/G1phase
and 21% in S+G2/M, and only a marginal 0.2% apoptosis.
No Chromosomal abnormalities. These hADSCs from ei-
ther fresh or frozen lipogems preparations are bearer of typ-
ical mesenchymal markers at values above 90%, and
express embryonic markers such as NANOG and OCT4
and neural markers such as nestin, neurod1, pax 6 and
musashi. The superficial epitopes are maintained even when
hADSCs were grown in culture after storage at -80°C. Their
driven osteogenic and adipogenic differentiation in vitro
yields hADSCs with finer intracellular micro-organelles and
fat deposits are more numerous and smaller in size. We shall
also present how these lipogems-derived hADSCs can
transdifferentiate in vivo in specific lineages determined by
site of transplantation and condition of application.

406 $ LIVER$DIRECTED CELL TRANS$
PLANTATION IMPROVED SERUM AND BRAIN
PHENYLALANINE AND NEUROTRANSMITTER
IMBALANCES IN A PHENYLKETONURIA
&PKU' MURINE MODEL

Kristen J. Skvorak1, Kenneth Dorko2, Marc C. Hansel3,
Veysel Tahan3, Fabio Marongiu4, Roberto Gramignoli5,
Erland Arning6, Teodoro Bo8glieri6,
K. Michael Gibson7, Stephen C. Strom5

1Medical Gene8cs, University of Pi9sburgh, Pi9sburgh, PA,
United States;
2Pharmacology, Toxicology, and Therapeu8cs, Kansas University
Med. Center, Kansas City, KS, United States;
4Biomedical Sciences, University of Cagliari, Cagliari, Italy;
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3Pathology, University of Pi9sburgh, Pi9sburgh, PA,
United States

Introduction: PKU (OMIM 261600) is one of the most
common inborn errors of metabolism (IEM) with an inci-
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dence of 1:16,000 in the USA. The disorder is characterized
by deficiency of the phenylalanine hydroxylase (PAH) en-
zyme, the rate limiting step in phenylalanine (Phe) catabo-
lism. Importantly, Phe is a precursor of tyrosine, which is
catabolized to form dopamine (DA). Chronic elevation of
Phe in the body, and most importantly the brain, is respon-
sible for PKU pathophysiology (mental retardation, seizures,
growth delay).Aspecial Phe-restricted diet can improve Phe
imbalance and prevent most severe phenotypes with good
compliance, however some patients still endure frequent
hospitalizations and persistent cognitive defects. Partial cor-
rection of another IEM mouse model by hepatic transplan-
tation of allogeneic hepatocytes1,2 and human amnion
epithelial cells (hAEC)3,4 despite low functional engraftment
provided proof-of-principle for these studies.
Methods: Neonatal PAH-/- mice were given 3 direct

hepatic injections of 1x106 syngeneic mouse hepatocytes
(HTx) or hAEC (hAEC-Tx) during the first 10 days of
life (DOL). Some animals given early HTx were also
given a single splenic-directed HTx (2x106 cells) after
21 DOL. Animals were maintained on normal mouse diet
and were sacrificed at 1 or 3 months for analysis.
Results: Phe was severely elevated above wild type in

the sera and brains of PAH-/- mice. HTx resulted in a 25%
reduction in Phe levels in the sera of PAH-/- females while
males were not improved. Human AEC-Tx also reduced
Phe 25% in females despite fewer total cells being trans-
planted. Phe in the sera of untreated female PKU mice was
>35% higher than untreated males, which masked post-Tx
male results. Importantly, amino acids in the brain showed
multiple improvements following transplant, and no sex dif-
ference was apparent. Phe levels in PKU-HTx mice were
reduced up to 75% while PKU-hAE-Tx mice were nor-
malized. Additional brain amino acids, including those that
can act as neurotransmitters, were normalized in PAH-/- an-
imals after HTx. DA metabolites (DOPAC, 3-MT, HVA)
and DA turnover (DOPAC+HVA/DA) were disrupted in
PAH-/- brains, though DA and tyrosine were unaffected.
HTx normalized 3-MT/DA, suggesting DArelease was im-
proved. DOPAC was improved ~35% and DAturnover was
improved ~25%, some to a level similar to wild type,
though statistical significance was not achieved.
Conclusions: HTx and hAE-Tx were able to signifi-

cantly reduce brain Phe in PAH-/- animals and in the sera
of PAH-/- females. The discrepancy between male and
female mouse sera Phe is likely unique to the model, as
this has not been reported in patients. Importantly, in ad-
dition to reduction of brain Phe levels following trans-
plant, multiple other amino acids and neurotransmitters
were normalized after HTx. Metabolites along the
dopamine pathway, dopamine turnover, and dopamine
release were also improved. Therefore, cell therapies
may be a viable option for PKU.
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Age-related macular degeneration (AMD) is a debilitat-
ing disease that causes vision loss and represents the
leading cause of blindness in industrialized countries
among adults older than 60 years. Most cases of severe
vision loss in AMD result from the development of
choroidal neovascularization (CNV), which occurs in ap-
proximately 10% of patients with AMD. The abnormal
new blood vessels grow from the choroidal capillaries
through Bruch’s membrane and into the spaces beneath
the retinal pigment epithelium and the retina.

The mechanisms that cause CNV are still unclear, but
it is known that once the process is triggered, the lesion
grows rapidly. In humans, the therapeutic benefit of in-
travitreal injections of agents that target vascular en-
dothelial growth factor (VEGF) indicates that
angiogenesis (the process that involves the migration,
proliferation, and remodeling of endothelial cells derived
from preexisting vessels) is one of the processes that sus-
tain the rapid formation of the new capillaries in CNV. A
parallel role of endothelial progenitor cells (EPCs) re-
cruited to the process from bone marrow (so called vas-
culogenesis) cannot however be presently ruled out.

To verify this issue, bone marrow transplantation was per-
formed in 20 C57BL mice using a GFP transgenic strain as
a donor and a co-isogenic strain as the recipient. Choroidal
neovascolarization was then induced by laser treatment
aimed to obtain a major retinal damage (disrupture of
Bruch’s membrane), a procedure that gave rise to choroidal
neovascularization approximately 15 days after treatment.

Choroidal neovascularization was confirmed in vivo
by simultaneous Fluorescein Angiography and Optical
Coherence Tomography (OCT) (Spectralis™ device
from Heidelberg Engineering). After this procedure, the
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animals were perfused with TRITC-labeled dextrans to
highlight retinal vascularization and sacrificed. The eyes
were then removed, the retina extracted and treated ap-
propriately to obtain retinal whole-mounts. Under fluo-
rescence the perfused retinal vascular tree could be
evaluated and EPCs were detectable along the vessels
being GFP+. Staining to confirm EPCs phenotype was
performed and quantification of EPCs involvement in
neovascularization was performed by analysis of digital
pictures. Altogether our results confirmed this chimeric
mouse as a valid model of AMD of potential use to test
the effect of novel drugs on the onset and progression of
this sight-threatening disease.
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Large animals, pig in particular, have emerged as an im-
portant tool for development of surgical techniques, ad-
vancement of xenotransplantation, creation of important
disease models, and preclinical testing of novel cell thera-
pies. Large animal models play a crucial role to investigate
the biological and functional properties of Mesenchymal
Stem Cells (MSCs) as novel cellular therapy.

Transgenic swine has been generated through genetic
engineering and somatic cell nuclear transfer that will
express EGFP (Enanched Green Fluorescente Protein) at
high level in somatic cells in order to have a specific
source of marked MSCs.

Porcine MSCs (pMSCs) were isolated from 6 EGFP-
transgenic pigs, expanded ex vivo, characterized by flow
cytometry and assessed for their differentiation capaci-
ties. EGFP-enhanched pMSCs resulted positive for
CD90, CD29 and CD105. The proliferative capacity was
evaluated in terms of population doubling from passage
P1 to P4 and compared to hMSCs. We also evaluated the
proliferation of porcine and human PBMCs stimulated
with phytohemagglutinin in the presence of autologus
and allogeneic pMSCs or hMSCs1-3.

EGFP-enhanced pMSCs were traced through the iden-
tification of the EGFP by direct visualisation under blue
light or by immunohystochemistry. We evaluated also
the level of interleukin-6 in colture supernatants col-
lected at the end of PHA proliferation assay in the auto-
logus and allogeneic porcine settings, both porcine
settings showed a strong increase in pIL-6 levels after
EGFP-enhanched pMSC addition whereas IL-10 and
TGF-beta were undetectable4.

We have demonstrated that the methods for harvest-
ing, culturing and ex vivo expanding hMSCs can be suc-
cessfully reproduced in EGFP transgenic pigs.
EGFP-enhanched pMSCs and hMSCs have similarities
in terms of morphology, immunophenotype and differ-
entiation potential. We also documented that EGFP-en-
hanched pMSCs have the capacity to inhibit the
proliferation of pPBMCs in both the autologus and allo-
geneic settings. Our study provides evidence that green
fluorescent pigs represent a very interesting animal
model with a lot of potential applications in the field of
cellular transplantation.
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There is an ever-growing demand for transplantable livers to
replace acute and chronically damaged tissues. This demand
cannot be met by the current availability of donor organs. Ef-
forts to provide an alternative source have led to the develop-
ment of organ engineering, a discipline that combines cell
biology, tissue engineering and cell/organ transplantation.
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Over the last several years, techniques to decellularize organs
have been developed. We have developed a cadaveric liver
decellularization protocol to create a whole-liver scaffold for
engineering hepatic grafts in rats. We also demonstrated that
adult hepatocytes, endothelial and bile duct cells can be seeded
into these scaffolds, remaining viable and providing essential
liver functions for up to 10 days. However, the implantations
of engineered livers into recipients of rats have been limited to
just a few hours due to the inadequate implantation sites and
coagulation problems as naked collagen from the graft can be
exposed to the blood stream and platelets.

To solve these problems, we have developed a novel aux-
iliary partial liver transplantation (APLT) model in rats and an
anticoagulant coating method for engineered liver scaffolds.
In order to establish an animal model for liver repopulation to
be used for transplantation of engineered liver grafts, we used
FK506-immune suppressed Nagase analbuminemic rats as
recipients. Prior to APLT, the recipient animal was injected
with retrorsine and underwent a reduction of portal blood
flow at the time of APLT, to create an environment where
there was a selective growth advantage to transplanted grafts.
The auxiliary partial graft was obtained by resection of the
donor median and left lateral lobes, and was heterotopically
transplanted into the recipient. Portal-Portal anastomosis and
infrahepatic-infrahepatic vena cava anastomosis were per-
formed in an end-to-side manner and bile duct was implanted
into the duodenum of the recipient. Graft survival was eval-
uated over time (up to 28 days) by graft weight, histological
evaluation of proliferative markers and serum albumin levels
in analbuminemic rats. FK506-based immunosuppression
protocol effectively control graft rejection. Transplanted
grafts revealed regenerative potential as evaluated by increase
of liver mass weight of the donor graft and Ki67 staining
analysis. Serum albumin levels were maintained for the du-
ration of the study. Additionally an anticoagulant coating for
decellularized liver scaffolds was performed using N-hy-
droxylsuccinimide functionalized polyethylene glycol (PEG-
NHS), which is used to inhibit platelet activation and
deposition by blocking surface protein-platelet interactions.
PEG-NHS coating in decellularized liver scaffolds reduced
significantly (>40%) platelet deposition mainly in major ves-
sels and allowed continued blood perfusion when compare to
bared scaffold. Thus, it can be concluded that we have de-
veloped a novelAPLT model in rats and we have established
protocols for the future evaluation of engineered liver grafts
with anti-thrombotic activity.

410 $ INTRA$ARTERIAL DELIVERY
OF MYOBLASTS TO SKELETAL MUSCLES
IN PRIMATES
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Background: The intramuscular transplantation of
myogenic cells presents several constraints and the in-

travascular route seems to be a better strategy of cell de-
livery. However, so far this route seems to work only
with special cells such as mesoangioblasts and CD133+
cells. Experiments of intravascular delivery of myoblasts
in mice produced limited results, but mice are not a good
reference for human extrapolation given important dif-
ferences in the myoblast transplantation biology. The
close phylogenetic relationship between humans and
macaques provides the best anatomical, cell culture, anti-
genic and immunological similarities for preclinical re-
search in this field. Thus, we decide to test the
intra-arterial (IA) allotransplantation of myoblasts in
macaques.
Methods: Experiments were conducted in adult

cynomolgus monkeys. β-galactosidase (β-Gal)-labeled
myoblasts were proliferated in vitro, resuspended in he-
parinized saline and injected slowly in one femoral ar-
tery. Regions of muscles both in the leg ipsilateral to the
injection and other limbs were damaged with a 27G nee-
dle (100 parallel penetrations per cm2) or by electropo-
ration. Monkeys were submitted to euthanasia 1 hour or
1 day (n = 3) and 3-4 weeks (n = 3) post-transplantation.
Monkeys were immunosuppressed with tacrolimus in the
long-term follow-up. Samples were taken in different
skeletal muscles and organs (lungs, heart, brain, cere-
bellum, gut, liver and spleen). Samples were frozen in
liquid nitrogen and sections were made in a cryostat to be
analyzed by histology.
Results: Most myoblasts were retained mainly in the

capillaries of the skeletal muscles of the leg ipsilateral to
the injection. Some small accumulations were observed
in arterioles. No histological evidences of micro-infarcts
were observed. Scarce β-Gal+ cells were observed in the
lungs 1 hour after transplantation. No β-Gal+ cells were
observed in other organs or other muscles. β-Gal+ my-
ofibers were observed 3-4 weeks after transplantation in
muscle biopsies of the ipsilateral leg to the injection, in
the regions damaged at the time of the cell injection.
Conclusions: Myoblasts can be safely delivered by the

femoral artery in primates. Most of these myoblasts are
retained in capillaries between myofibers. Myoblast re-
tention in capillaries might be due to a mechanism of
plugging, as is frequent in the case of leukocytes, rather
than to specific homing. These myoblasts are capable to
fuse with regenerating myofibers. Further experiments
are needed to know the potentiality of the IA delivery of
myoblasts in humans.
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Background: Crigler-Najjar (CN) syndrome type I is
a rare disorder of bilirubin metabolism caused by a defi-
ciency of uridine diphosphate glucuronosyltransferase
1A1 (UGT1A1). Patients are at risk of developing fatal
brain injury due to unconjugated hyperbilirubinemia
throughout life. Treatment consists of blood exchange
transfusions in the neonatal period and 10-12h pho-
totherapy daily thereafter. Most patients undergo ortho-
topic liver transplantation as phototherapy becomes less
effective after puberty and constitutes a significant im-
pairment in quality of life.
Case report: A 13-year-old boy and an 11-year-old

girl with CN syndrome type I were evaluated at our cen-
ter. Clinical diagnosis had been confirmed in both pa-
tients by lack of conjugated bilirubin in bile and
identification of a mutation in the UGT1A1 gene caus-
ing loss of function. Both patients required 8-12h of
phototherapy to maintain serum bilirubin at 390 to 450
µmol per liter. After ethical committee approval and in-
formed consent, patients were accepted to the waiting
list for hepatocyte transplantation. Hepatocytes were
isolated under good manufacturing practices from liver
tissue obtained from deceased organ donors not ac-
cepted for whole organ transplantation or from split or
size reduced liver transplantations. Fresh ABO compat-
ible hepatocytes were infused by a portal catheter intro-
duced through the umbilical or a mesenteric vein.
Immediately before placement of the catheters patients
underwent liver resection of segments 2 and 3 to induce
liver regeneration and proliferation of transplanted he-
patocytes. Immunosuppression consisted of basiliximab
induction, tacrolimus and steroid pulse followed by ta-
pering. The girl received 5.3 x 109 viable hepatocytes at
one transplantation event and the boy received two in-
fusions from two different donors three months apart
with 2.2 and 9 x 109 viable hepatocytes. In both patients
serum bilirubin levels increased initially after the first
procedure up to 530 µmol per liter. Thereafter serum
bilirubin decreased continuously in both patients to 50%
of pre-transplant levels for more than 6 months. The boy
experienced a sudden increase of serum bilirubin to pre-
transplant levels 6 months after the first infusion asso-
ciated with a scabies infection. Despite intensified
phototherapy serum bilirubin did not improve. Due to
the risk of encephalopathy we decided together with the
family to list him for orthotopic liver transplantation.
The girl still remains on significantly decreased serum
bilirubin levels and is on the waiting list for further he-
patocyte infusions.
Conclusion: These studies confirm that hepatocyte

transplantation can be a useful treatment for Crigler-Na-
jjar syndrome type I. Preconditioning patients with he-
patectomy prior to cell transplantation is safe, however
additional patients will need to be evaluated before con-
clusions can be made concerning the efficacy of this pro-
cedure as compared to traditional hepatocyte transplants.

412 $ TRANSPLANTATION OF A
REGENERATIVE AND CADAVER TRACHEA %
NOVEL TECHNOLOGY IN MANAGEMENT
OF SUBTOTAL TRACHEAL STENOSIS:
LONG TERM RESULTS AND LESSONS LEARNED

Dmitry Bazarov, Vladimir Parshin,
Michail Rusakov, Kuldash Abdumuradov,
Arkadiy Bogov, Rumia Sharipjanova
Thoracic Division, Na8onal Research Centre of Surgery,
Moscow, Russian Federa8on

Background: Surgical treatment of total stenoses of a
trachea remains a difficult problem of thoracic surgery.
Interventions available in an arsenal not always can con-
siderably help the patient with incurable stenosis of a tra-
chea. Transplantation of trachea appeared to be saving
procedure for this group of patients.
Aims: To study long term results of 2 cases of tracheal

transplantation (TT) performed in patients with subtotal
tracheal stenosis.
Materials and Methods: 37 y.o. male patient with tra-

cheostomy, subtotal stenosis of trachea and stridor had un-
dergone transplantation of trachea with revisualization in
2006. Patient was discharged with free breathing, without
tracheostoma and fever. In 3 years after procedure he had
undergone stenting on lower part of donor trachea because
of compression from outside probably by donor thyreoid
gland. In 4 years after TTR patient breathing well. His im-
munosupression regimen include cyclosporine A 200
mg/d, methylprednisolone 2 mg/d, mofetyl mycofelonate
2 g/d. He had evaluated quality of life as good. In 7 y after
TT he is still with tracheal stent, receiving same immuno-
supression, but lower dose of MMF. And bronchoscopy
revealed tracheal esophageal fistula without clinical signs
on level of upper end of stent.

25 y.o. female with subtotal stenosis of trachea, stridor and
“Polyflex” stent had undergone transplantation of trachea re-
ceived by methods of regenerative medicine in 2010. The
early postoperative period was accompanied by the moder-
ate respiratory insufficiency, hemoptysis, expressed
bronchial secretion. Sinus tachycardia and high levels of red
blood and white blood cells, C-reactive protein and procal-
citotnin have been connected with introduction of growth
factors. By the moment of discharge breath was free, a gleam
of trachea on all extent was satisfactory, in transplant wall
we revealed squamous cell ephitelium. Patient does not re-
quire immunosupression. In 6 m. we observed progressive
deterioration of breathing and revealed stenosis of tracheal
transplant. We need to perform tracheoplasty with T-tube.
Twice we try to detubate patient but in short period resteno-
sis occurred. So patient continue having T-tube in trachea.
Conclusions: In some patients with critical subtotal

stenosis resistant to accepted management tracheal trans-
plantation may be curative option with satisfactory short-
term results. Long term results occur challenges either
to patients or doctors and need a lot of efforts to control
specific conditions.
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Background Data: Islet autotransplantation (IAT) is
performed to improve glycemic control after extended pan-
createctomy, almost exclusively in patients with chronic
pancreatitis. Limited experience is available for other in-
dications or in patients with pancreatic malignancy.
Methods: In addition to chronic pancreatitis, indica-

tions for IAT were: grade C pancreatic fistula (treated
with completion or left pancreatectomy, as indicated);
total pancreatectomy as an alternative to high-risk anas-
tomosis during pancreaticoduodenectomy; distal pancre-
atectomy for benign/borderline neoplasm of pancreatic
body-neck. Malignancy was not an exclusion criterion.
Metabolic and oncologic follow-up is presented.
Results: From November 2008 to June 2012, 41 pa-

tients were candidates to IAT (accounting for 7.5% of all
pancreatic resections). Seven out of 41 did not received
transplantation for either inadequate islet mass (4 pts),
patient instability (2 pts), contamination of islet culture
(1 pt). IAT-related complications occurred in 8 pts
(23.5%): 4 bleeding, 3 portal thromboses (1 complete, 2
partial), 1 sepsis. Median follow-up was 546 days. Fif-
teen out of 34 patients (44%) reached insulin independ-
ence, 16 patients (47%) had partial graft function, 2
patients (6%) had primary graft non-function and 1 pa-
tient (3%) had early graft loss. Seventeen IAT recipients
had malignancy (pancreatic or periampullary adenocar-
cinoma in 14). Two of them had already liver metastases
at surgery, thirteen were disease-free at last follow-up
and none of two patients with tumour recurrence devel-
oped metastases in the transplantation site.
Conclusions: Though larger data are needed to defi-

nitely exclude the risk of disease dissemination, the pres-
ent study suggest that IAT indications can be extended
to selected patients with neoplasm.
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There is general consensus that some form of liver pre-
conditioning will be required to improve engraftment and
proliferation of hepatocytes post-transplant. Partial liver
resection is a widely used technique to induce hepatocyte
proliferation in studies with animals. Our group estab-
lished a clinical protocol for partial surgical liver resection
prior to liver cell transplantation. The protocol was used
on two pediatric patients and the clinical results are pre-
sented in a separate abstract. The aim of this presentation
is to show a video of the techniques used with a focus on
the surgical techniques and patient safety issues. In both
patients, resection of the left lateral liver lobe (segments
II and III) was performed in using CUSA for parenchymal
dissection. At the end of the operation, and before closing
the abdominal wall, the umbilical vein or a mesenteric
vein was cannulated. Positioning of the catheter in the
right branch of the portal vein was verified radiologically
by contrast injection. After closing the abdominal wall,
the catheter was used for intraportal infusion of liver cells.
The same catheter was used to monitor portal blood pres-
sure and infusion of cells was adjusted accordingly. Pa-
tients did not experience any complications related to the
surgery and in one patient the catheter was re-used for a
second intraportal infusion of hepatocytes twelve weeks
later. Although, the effect of resection on cell engraftment
and proliferation still needs to be evaluated, the protocol
is safe and easily performed by an experienced liver sur-
geon with a low risk of postoperative complications.

415 $ AUTOLOGOUS TRANSPLANTATION
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Background: Liver cirrhosis is characterized by dis-
tortion of the hepatic architecture and the formation of
regenerative nodules. Liver transplantation is one of the
few available therapies for such patients. It has been
shown recently, that hat bone marrow cell infusion re-
pairs liver fibrosis in the cirrhotic liver.
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Methods: This study was performed to determine the
safety and tolerability of intrahepatic transplantation of
autologous bone marrow mononuclear cells into five pa-
tients with liver insufficiency. The bone marrow
mononuclear cells were isolated and infused into liver
via hepatic artery. At different time points after the trans-
plantation, the liver function and prothrombin time (PT)
were evaluated, and the survival rate and symptoms of
the patients were recorded.
Results:No complications or specific side effects related

to the procedure were observed; all patients showed im-
provements in serum albumin, bilirubin and ALT after one
month from the cell infusion. Conclusion: Our study has
shown both the safety and feasibility of this type of liver
cell therapy and may be a bridge to liver transplantation.
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Background: Hepatocyte transplantation is being
evaluated as a temporary or permanent substitute for
liver transplantation. However, application of this thera-
peutic modality has been hindered by the scarcity of
donor hepatocytes. Toward the goal of generating a re-
newable substitute for primary human hepatocytes, we
and others have generated induced pluripotent cells
(iPSC) from human skin fibroblasts and differentiated
these to cells with many hepatocyte characteristics
(iHep). Here we have evaluated the engraftment, prolif-
eration and function of iHeps in recipient rodent models.
Methods: Three types of small animal models were

used: (1) immune-deficient FAH (fumeryl acetoacetate
hydrogenase) FRG mice, where selective repopulation
by engrafted cells is accomplished by withdrawal of the
drug 2-(2-nitro-4-trifluoro-methylbenzoyl)-1,3-cyclo
hexaedione (NTBC), which is needed for protection of
host hepatocytes from toxic metabolites; (2) immune-
deficient mice transgenic for mutant human alpha 1-an-
titrypsin (PiZ-SCID), where selective expansion of
engrafted cells is accomplished by injection with an ade-
novector expressing hepatocyte growth factor (ad-HGF);
and (3) Tacrolimus-immune suppressed UGT1A1-defi-

cient jaundiced Gunn rats (model of Crigler-Najjar syn-
drome type-1, CN1), where selective repopulation by en-
grafted cells is accomplished by X-irradiation of a single
liver lobe 24hr before transplantation, followed by ad-
HGF injection.
Results: In FRG mice, iHep cell engraftment was

identified by FAH and human serum albumin (HSA) im-
munostaining, and showed engrafted iHeps only as sin-
gle cells or 2-cell clusters at 3 months. In PiZ-SCID
recipient mice, iHep cell engraftment was identified by
HSA staining and by human DNA qPCR, and showed 7-
15% replacement of host hepatocytes. In the irradiated
lobe of the Gunn rat liver, repopulation by iHep cells was
2.5 to 7.5% by morphometric analysis, with a similar re-
population level confirmed by human DNA qPCR.
Serum bilirubin levels declined to 30-61% of pre-trans-
plantation levels in 6 months and bilirubin glucuronides
were excreted in bile. Despite considerable levels of en-
graftment in these models serum levels of HSA did not
exceed 250 ng/ml.
Conclusions: Human iHep cells engraft and prolifer-

ate in the liver of rodent models, but the extent of re-
population is lower than that with primary hepatocytes,
and varies markedly in different types of animal models.
Nevertheless, iHep transplantation can provide a thera-
peutically relevant degree of amelioration of the meta-
bolic defect in the Gunn rat model of CN1.

417 $ COMBINATION USE OF AUTOLOGOUS
PERIODONTAL LIGAMENT$DERIVED
MULTIPOTENT MESENCHYMAL STROMAL
CELL SHEETS AND BETA$TRICALCIUM
PHOSPHATE GRANULES REGENERATED
PERIODONTAL TISSUES IN A CLINICAL
TRIAL

Takanori Iwata1,2, Kaoru Washio1, Toshiyuki Yoshida1,
Kohei Tatsumi1, Azusa Yamada1, Yuka Tsumanuma1,
Tomohiro Ando2, Isao Ishikawa1, Masayuki Yamato1,
Teruo Okano1

1Ins8tute of Advanced Biomedical Engineering and Science,
Tokyo Women’s Medical University, Tokyo, Japan;
2Department of Oral and Maxillofacial Surgery, Tokyo Women’s
Medical University, Tokyo, Japan

Introduction: Previous studies demonstrated that au-
tologous transplantation of periodontal ligament-derived
multipotent mesenchymal stromal cell (PDL-MSC)
sheets combined with β-tricalcium phosphate (β-TCP)
regenerated the true periodontal tissue in canine mod-
els[1, 2]. Based on these translational researches, we
started the clinical trial named “Autologous transplanta-
tion of periodontal ligament cell sheets for periodontal
reconstruction”, after the approval of the Ministry of
Health, Labor and Welfare in Japan. In this presentation,
current status of this clinical trial will be reported.
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Experimental Methods: PDL tissue obtained from
patient’s wisdom tooth was digested andseeded on tem-
perature-responsive culture dishes (35 mm in diameter,
UpCell®, Cell Seed, Tokyo, Japan) at a cell density of 4×
104 cells/dish and cultured in an osteoinductive medium
for 14 days. Three-layered autologous PDL-MSC sheets
wereplaced on the denuded root surface, and infrabony
defect was filled with β-TCP granules (Osferion®, G1,
Olympus Terumo Biomaterials, Tokyo, Japan) (Figure
1). Clinical and radiographic measurements were made
at the baseline and the 6-month post-surgery.

Results and Discussion: One case of radiograhic
images was presented (Figure 2). 53-year-old female
patient had infrabony defects in the lower right mo-
lars. Left panels showed the infrabony defects before
the transplantation. Note osseous defects existed in all
teeth. Right panels showed the radiographic images 6-
month after the transplantation. The pocket depth was
decreased from 9 mm to 2 mm and the bone height
was increased 5.9 mm at the distal side of 2nd molar.
Clinical attachment level was also gained (12 mm to
5 mm).
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Conclusions: We have experienced 4 cases of autolo-
gous PDL cell sheets transplantation, and no adverse re-
action has been observed. In the finished 4 cases, the
reduction of pocket probing depth (3.75 ± 2.22 mm) and
clinical attachment gain (3.25 ± 2.87 mm) were ob-
served. PDL cell sheets/β-TCP treated sites also had
greater linear bone gain (2.52 ± 2.42 mm). Although this
clinical trial is still conducting, the safeness and efficacy
of our clinical trial will be proven in the near future.
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420 % EXOSOMES/MICROVESICLES
AS PARACRINE MEDIATORS OF STEM
CELL ACTION

Giovanni Camussi
University of Torino, Torino, Italy

Multipotent mesenchymal stromal cells (MSCs) were
shown to favour the recovery of acute and chronic kid-
ney injury in several experimental models. However, only
few MSCs permanently engraft the kidney and differen-
tiate into renal resident cells, and the beneficial effect ob-
served is ascribed to the release of paracrine factors.
Recently, it has been found that exosomes/microvesicles
released from MSCs retain most of their properties. These
extracellular vesicles (EVs) contain selected patterns of
proteins, mRNA, long-non coding RNA and microRNA
characteristic of MSCs. The transfer of these functional
transcripts to injured cells changes their phenotype and
activates self-regenerative programs. Therefore, EVs re-
leased from stem cells, by acting as a vehicle of informa-
tion, emerge as integral components of the paracrine
network of factors involved in stem cell action.

421 $ CHARACTERIZATION OF METABOLIC
ACTIVITIES FROM ISOLATED FETAL HUMAN
HEPATOCYTES

Roberto Gramignoli1, Veysel Tahan2,
Kenneth Dorko2, Kristen Skvorak2, Stephen Strom1

1Dept. of Pathology, Karolinska University Hospital, Stockholm,
Sweden;
2Dept. of Pathology, University of Pi9sburgh, Pi9sburgh, PA,
United States

Introduction: Hepatocyte transplantation (HTx) is an
alternative to liver transplantation for certain liver dis-
eases. Clinical HTx programs are hampered by the short-
age of hepatocytes for this therapy. Fetal hepatocytes
have been proposed as an alternative source of cells for
transplants, however, little information is available con-
cerning the metabolic activities of fetal cells as compared
to adults.

Aim: The viability and metabolic activity of fetal he-
patocytes isolated from donors of different gestational
ages were assessed and compared to the values obtained
from pediatric and adult hepatocytes.
Methods: Hepatocytes were isolated from 252 fetal

liver tissues of 11-24 weeks gestational age and 200
“adult” hepatocyte preparations (age range 3 months-85
years). Cell viability, recovery and apoptosis were eval-
uated immediately post-isolation. When possible, data
on 11 different measurements of hepatocyte function in-
cluding ATP content, plating efficiency basal and in-
duced Cytochrome P450 (CYP) activities, phase II
conjugation and ammonia metabolism were collected
and analyzed.
Results: Cells isolated from fetal tissues had a signif-

icant higher viability compared to adult hepatocytes (91
± 7% vs 78 ± 12%, mean ± SD; p<0.0001), and a 2-fold
higher level of apoptosis. Specific hepatic functions were
measured on approximately 2/3rds of the preparations.
ATP content was significantly higher in fetal hepatocytes
compared to adult cell preparations (328 ± 123 vs 32 ±
38 LCU/min/103 hepatocytes; p<0.0001). Up to 500-fold
differences were observed between different gestational
and post-natal ages in functional assays. In fetal hepato-
cytes, a robust induction (up to 30-fold) of CYP enzymes
was observed after three days of exposure to specific
CYP inducers. The fetal form of CYP3A (3A7) was ex-
pressed at low level at early gestational ages, and its ac-
tivity increased during fetal development, reaching the
maximum value in hepatocytes isolated from postnatal
infant tissues (<3 years in age). A continuous increase
was observed in CYP3A4 and 1A activity from fetal to
adult donors. Phase II metabolism, measured as the con-
jugation of Resorufin by hepatocytes, was easily meas-
ured in fetal cells immediately after isolation; however,
this activity did not increase in culture as is usually ob-
served in mature hepatocytes. Ammonia metabolism was
null or low immediately after isolation in fetal hepato-
cytes, but increased to approximately adult levels if cells
were cultured for 3-5 days (123 ± 101 nmol/min/mg).
Conclusions: Viability and metabolic functions were

measured from almost 500 hepatocyte preparations, from
fetal, infant and adult human liver tissues. Data is pre-
sented on the normal ranges for distinct hepatic functions
from attachment to ATP content and ammonia metabo-
lism, to phase I and II drug metabolism in each age
group. The inducibility of CYP enzymes and the rapid
maturation of ammonia metabolism suggest that fetal he-
patocytes could be useful for clinical hepatocyte trans-
plantation.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 67



422 $ HIGH DOSES OF EVEROLIMUS AS
INDUCTION TREATMENT IMPROVE GRAFT
FUNCTION IN ISLET ALLOTRANSPLANTATION

Federico Bertuzzi1, Mario Marazzi1,
Antonio Gaetano Rampoldi1, Andrea De Gasperi1,
Luciano De Carlis1, Barbara Antonioli1,
Enrico Mine83, Livio Luzi2,4, Ma7eo Bonomo1,
Giacomo Colussi1

1Niguarda Hospital, Milan, Italy;
2IRCCS Policlinico San Donato, Milan, Italy;
3Careggi Hospital, Florence, Italy;
4University of Milan, Milan, Italy

Although largely improved in the last years, graft func-
tion is still variable in human islet transplantation. Early
islet inflammatory reaction in the site of islet implant was
suggested to reduce islet engraftment and to impair early
and long term graft function. MTOR inhibitors seem to
have anti-inflammatory effects.

Human islet transplantation was performed in 8 patients
affected by type 1 diabetes mellitus . 7 patients were af-
fected by brittle diabetes, 1 patient had been previously
transplanted with kidney pancreas transplantation and had
lost pancreas for rejection. Recipient body weight was 67kg
(range 49-86). Pre transplant c-peptide was <0.5ng/ml. Pa-
tients were transplanted with 9.700 +/-3.200 IE/kg b.w.

Immunosuppression consists on an induction treatment
with polyclonal ALG (1mg/kg/day for 5 days) in the case
of the first transplant, 20mg Basiliximab in the case of
islet after kidney recipient or in the case of a second islet
transplant (in 4 patients). 3mg of Everolimus was added
to the induction treatment 12 hours and 1 hour before
islet transplantation. Maintenance immunosuppression
treatment consists of micofenolate and tacrolimus ac-
cording to standard protocol.

No primary non function was observed. 6 patients out
8 are still insulin independence after the last islet trans-
plantation (36, 28, 27, 24, 3, 1 months follow up). In
onepatient a recurrence of autoimmune reactivity was
observed with the loss of engrafted beta cell mass; a sec-
ond patient refused a second islet transplantation and lost
graft function 1 year after transplantation.

In this pilot study, in a small cohort of patients a re-
finement of immunosuppression induction treatment im-
proved the overall islet graft function.

423 $ STEM CELL THERAPY IN PRIMARY
GLOMERULAR DISEASES$ AN EARLY SINGLE
CENTRE EXPERIENCE

Himanshu Patel1, AV Vanikar2,3, UG Thakkar2,3,
SD Dave2,3, RD Patel2, KV Kanodia2, KS Suthar2,
VB Kute1, HL Trivedi2,3

1Nephrology;

2Department of Pathology, Laboratory Medicine, Transfusion
Services and Immunohematology;
3Department of Regenera8ve Medicine and Stem Cell Therapy,
IKDRCITS, Ahmedabad, India

Introduction: Stem cell therapy (SCT) has now
moved from bench to bedside. We present early experi-
ence of co-infusion of adipose tissue derived mesenchy-
mal stem cells (AD-MSC) and bone marrow (BM)
derived hematopoietic SC (HSC) in patients with pri-
mary glomerular diseases unresponsive to conventional
therapy.
Materials and Methods: This is a prospective open-

labeled single armed trial of co-infusion of ADMSC and
HSC in patients with primary glomerular diseases after
obtaining their Institutional Review Board approved
written informed consent. Twelve patients (7 males, 5 fe-
males) were subjected to SCT between January,’09 to
January,’13. Inclusion criteria were biopsy proven re-
versible primary glomerular lesions, steroid resistance,
poor response to cytotoxic drugs and any gender/age. Ex-
clusion criteria were non-glomerular/systemic diseases,
infections with HIV, hepatitis B/C and co-morbid car-
diac conditions. Primary study end points were clinical
response and decrease in urinary protein leak, and sec-
ondary end points were complete recovery proved on
protocol biopsy after 1 year of successful clinical remis-
sion.

All patients received autologous AD-MSC + BM-HSC
infused in equal amount in bilateral renal arteries and
thymic circulation under C-arm guidance, after in-vitro
expansion for 8-10 days in self-designed media com-
prised of Dulbecco’s modified eagle’s media, growth+
nutrient factors and antibiotics. Conditioning was given
with Bortezomib, 1.3 mg/m2 body surface area, on days-
1,4, 7, 10 with intravenous methylprednisone, 125 mg,
and rabbit anti-thymocyte globulin, 365 mg/m2 on day-9.
BM was stimulated using granulocyte colony stimulating
factor, 300 micrograms twice a day on days 5 and 6. Sub-
cutaneous fat (10 grams) was resected from anterior ab-
dominal wall on day-1 and BM (100 ml) was aspirated
from posterior superior iliac crest on day-7. SC infusion
was carried out on day-11. They received Prednisone, 10
mg/day post-infusion.
Results: Mean patient age was 21.92 years. Five pa-

tients had primary focal segmental glomerulosclerosis
(FSGS), 3 had membranoproliferative glomerulonephri-
tis; 2, IgA nephropathy with mesangial proliferative
glomerulonephritis (MePGN); 1 had IgM nephropathy
(IgMN) with MePGN and 1 had idiopathic MePGN.
Their mean 24 hours proteinuria at presentation was 9.92
gm, serum creatinine (SCr), 1.28 mg/dl and serum albu-
min, 2.11 gm/dL.

Mean volume of infused SC was 109.42 ml for renal
arteries, and 2 ml for thymic infusion. Mean CD34+ %,
CD90+% and CD73+% counts were 0.32, 34.65 and
13.33 respectively.

No adverse effects were noted.
Over mean follow-up of 34.6 months, there was re-

duction in mean 24 hrs proteinuria to 3.29 gms with
maintained stable mean SCr of 1.1 mg/dl and increased
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mean serum albumin to 3.59 gm/dL. Seven patients are
under complete remission on Prednisone, 5 mg/day and
5 are in partial remission under cover of Prednisone, 5-
10 mg/day and Cyclosporin, 2.5 mg/kgBW/day. Fol-
low-up biopsies in patients under complete clinical
remission in 2 with FSGS and 1 with IgMN revealed
reversal of lesions.

Conclusions: Co-infusion of AD-MSC with HSC is a
viable and safe therapeutic option with promising results
in achieving remission of primary glomerular diseases
not amenable to conventional therapy.

424 $ RESULTS FROM 55 CASES OF
ROBOTIC AND OPEN PANCREATECTOMY
WITH AUTO ISLET TRANSPLANTATION
SHOW THAT TP/AIT MAINTAINS
METABOLIC FUNCTION, REDUCES PAIN
AND IMPROVES QUALITY OF LIFE IN
PATIENTS WITH SEVERE SYSTEMIC DISEASE

Horacio Rilo, Monica Delbridge, Brianna Grigsby,
Manuel Beltran, Abbas Rana, Marian Porubsky,
Carlos Galvani, Angelika Gruessner, Rainer Gruessner
Surgery, University of Arizona, Tucson, AZ, United States

55 (35F/20M) patients, underwent total pancreatectomy
with autologous-islet transplant (AIT) for the treatment of
unremitting pancreatitis at University of Arizona Medical
Center between August 2009 and April 2013. The major-
ity (62%) of patients presented with severe systemic dis-
ease as defined by the American Society of
Anesthesiologists (ASA) Physical Status Classification
(ASA) 3, 36% were ASA 2 and 2% ASA 1. Average pa-
tient age at time of transplant was 42 (range 20-66). Eti-
ology of CP was idiopathic for 73% of patients, 16%
suffered from hereditary pancreatitis and 11% were alco-
hol induced (all male). Years between 1st CP diagnosis and
TP/AIT ranged from 1-36 (mean 7, median 9). Prior to
AIT, 52 patients (95%) had previous surgical or endo-
scopic interventions, including 80% who presented with
previous abdominal surgeries. 15% had undergone a
Whipple procedure, and 56% had prior and often multiple
ERCPs with stent placement. 46 (84%) patients underwent
total pancreatectomy; 6 of these surgeries were performed
robotically. 8 patients underwent completion and 1 patient
underwent partial pancreatectomy. Preoperatively, 53 pa-
tients presented with normal HbA1c (< 6.4%), range 4.6-
7.3 (mean/median 5.6); however, preoperative continuous
glucose monitoring (CGM) reflected abnormalities in 91%
of patients despite normal HbA1c. There was a positive
correlation between CGM results and HbA1c (p<0.01).
Transplanted islet equivalents by body weight (IEQ/kg)
ranged 10-17,770 (mean 3,227). Following AIT 19% of
patients were insulin-independent (range 1-24 months);
these patients received > 3,000 IE/kg. 27% of patients re-
quired ≤ 9 units insulin per day, 23% 10-25 and 31% ≥ 25;
measure of insulin units per day includes a combined total

of the amount of long-acting (Lantus), short-acting (Hu-
malog) and additional insulin taken for CHO correction
per meal per day by patients. All patients had preopera-
tive pain and were on opioid analgesics; 71% were pain-
free and no longer required analgesics at 12 months
post-operatively. Patients reported an improved quality of
life (QoL) in all eight SF-36 subscales post-transplant
compared with their pre-transplant scores. QoL with re-
gards to pain improved significantly at all time-points
(Pre-to-1 month, p=0.0004; pre-to-6 months, p≤0.0001;
1-to-6 months, p=0.0002). Emotional health quality of life
was significantly increased after surgery compared with
pre-transplant scores (p=0.0001; p=0.0002). General
health quality of life improved significantly with respect to
all time points (Pre-to-1 month, p≤0.0001; pre-to-6
months, p≤0.0001; 1-to-6 months, p=0.0023). SF-36 phys-
ical and mental component subscores increased signifi-
cantly following TP/AIT. The increase in the PCS was
significant between all time-points analyzed (Pre-to-1
month, p=0.0407; pre-to-6 months, p≤0.0001; 1-to-6
months, p≤0.0001). Patients reported decreased pain
scores in all 3 McGill measures post-transplant compared
with their pre-transplant scores. Scores on the Pain Rat-
ing Index decreased significantly from pre- to both one
and 6 months post-transplant (p≤0.0001; p≤0.0001). Pres-
ent Pain Intensity scores decreased significantly from pre-
to both one and six months post-transplant (p≤0.0001;
p=0.0002). Sample size for 12-24 months was comparable
but too small to analyze at this time. These results demon-
strate that following TP/AIT, patients maintain metabolic
function and experience improved quality of life.

425 $ ISLET OXYGEN CONSUMPTION
RATE PREDICTS CLINICAL ISLET
ALLO$TRANSPLANT INSULIN
INDEPENDENCE FOR FIRST TRANSPLANTS

Jennifer P Kitzmann1, Doug O’Gorman2,
Tatsuya Kin2, Angelika C Gruessner1, Peter Senior2,
Sharleen Imes2, Rainer W Gruessner1,
AM James Shapiro2, Klearchos K Papas1

1Surgery, University of Arizona, Tucson, AZ, United States;
2Clinical Islet Transplant Program, University of Alberta,
Edmonton, AB, Canada

Human islet allo-transplantation (ITx) is in phase III clin-
ical registration trials in the US and standard of care in
several other countries. Current clinical islet product re-
lease criteria include viability based on cell membrane
integrity (>70%), glucose stimulated insulin release
(GSIR; >1 stimulation index, SI), and islet equivalent
(IE) dose based on counts (IE per kilogram body weight;
>5,000). However, only a fraction of patients trans-
planted with islets that meet or exceed these release cri-
teria become insulin independent. There is a need for
more reliable assays that are predictive of clinical trans-
plant outcome (CTO). Measurements of islet oxygen
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consumption rate (OCR) have been reported as highly
predictive of transplant outcome in small and large ani-
mal models as well as clinical islet auto-transplantation.
In this paper we report on the assessment of clinical islet
allograft preparations using OCRtx/kg BW (a measure
of transplanted viable IE – the product of total IE trans-
planted and islet viability measured by OCR/DNA) and
current product release assays in a series of 13 first trans-
plant recipients. The predictive capability of each assay
was examined using receiver operating characteristic
(ROC) curve analysis and the area under the curve
(AUC) was determined. Successful graft function was

defined as 100% insulin independence within 45 days
post-transplant. All transplanted preparations met, or ex-
ceeded, current product release criteria. However, only
38% of transplanted recipients were insulin independent
within 45 days. The results showed that OCRtx/kg BW
was the measure most predictive of CTO (AUC:
1.000; Figure 1a). IE dose was also highly predictive
(AUC: 0.975; Figure 1b) while GSIR and membrane in-
tegrity stains were not (AUC: 0.825, 0.625 respec-
tively; Figure 1c,d). Interestingly, preparations with
higher GSIR were less likely to reverse diabetes. In con-
clusion, OCRtx/kg BW can predict CTO with high speci-
ficity and sensitivity and is a useful tool for evaluating
islet preparations prior to clinical ITx.

500 % STEM CELL BASED THERAPIES
FOR CANCER

Khalid Shah
Harvard Medical School, Massachusse9s General Hospital,
Boston, MA, United States

Successful treatment of tumors remains one of the great-
est challenges in oncology. The recognition that different
stem cell types can integrate appropriately throughout
the mammalian brain following transplantation has un-
veiled new possibilities for their use in neural transplan-
tation. Our laboratory has shown that both human
mesenchymal and neural stem cell types home to sites
of cerebral pathology and thus can be armed with thera-
peutic transgenes, a strategy that can be used to inhibit
tumor growth by targeting angiogenesis or selectively in-
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duce apoptosis in proliferating tumor cells in the brain.
Using our recently established malignant, invasive and
resection models of highly malignant human brain tu-
mors that mimic clinical settings and synthetic extracel-
lular matrix (sECM) encapsulated therapeutic stem cells,
we show that secreted therapeutic proteins are continu-
ously delivered by encapsulated stem cells, target both
the primary and the invasive tumor deposits and have
profound anti-tumor effects. Our studies demonstrate the
efficacy of encapsulated therapeutic stem cells in clini-
cally relevant mouse tumor models and will have impli-
cations for developing effective cancer therapies. These
studies demonstrate the strength of employing engi-
neered stem cells and real time imaging of multiple
events in preclinical-therapeutic tumor models and form
the basis for developing novel cell based therapies for
cancer.



501 $ IMPROVING MESENCHYMAL
PROGENITORS TRANSPLANTATION
IN CELLULAR THERAPIES

Massimo Dominici
University of Modena and Reggio Emilia, Modena, Italy

While multipotent mesenchymal stromal cells (MSC)
have been introduced into pre-clinical and clinical stud-
ies since the far sixties, their full potentials to regenerate
tissues have been partially clarified. We retain several as-
pects shall be considered and improved to generate opti-
mized regenerative potentials by MSC in humans. In this
paper, starting from in vivo detection of MSC, we will
describe technologies and models that in our hands
allow: (1) to ex-vivo isolate and characterize MSC for
clinical applications, (2) to assess their in vitro potency
to regenerate tissues, (3) to create pre-clinical in vivo ra-
tional for their clinical implementation and, (4) to estab-
lish protocols for their delivery. The attempt to
standardize these aspects for a specific clinical indica-
tion is an essential prerequisite to better define and chal-
lenge MSC biological properties. This applies
particularly in case of multi-centric tissue regeneration
studies, as is currently taking place in the REBORNE
consortium sponsored by the FP7.

502 $ DEMYSTIFYING MESENCHYMAL
STEM CELLS

Paolo Bianco
Sapienza Università di Roma, Rome, Italy

What is known worldwide by the biological misnomer
“Mesenchymal Stem Cells” is in essence what was
know for many years before as the Bone Marrow Stro-
mal Cells, long postulated to include a genuine stem
cell for the different tissues that together comprise the
skeleton. The concept of a stem cell for skeletal tissues
has recently found direct experimental proof in humans
and mice, and was significantly developed beyond the
orginal formulation. It is now apparent that skeletal
stem cells (MSCs) are perivascular cells of skeletal ori-
gin, provide the unique niche for hematopoiesis and
hematopoietic stem cells, and are bona fide stem cells
inasmuch as capable not only of multipotency (as clas-
sically known) but of self-renewal in vivo. Over the
years, the original concept has been impressivley dis-
torted without the distortions ever being backed by the
necesary experimental evidence. The isolation of
human pluripotent embryonic cells in culture initially
casted on the field the ungrounded suggestion that
“MSCs” could be an adult version of pluripotent cells,
a notion now dispelled by experimental evidence. The

suggestion had two implications: 1) that MSCs could
be “doctored” to differentiation ex vivo, like pluripo-
tent cells can, and 2) that they could be used within a
true regenerative paradigm to restore the anatomy and
function of non-skeletal and even non-mesodermal tis-
sues (such as heart or brain). This view later gave way
to the alternative view that restoration of such tissues
could be ascribed not to a genuine regenerative event,
but to vaguely defined “trophic” “antiinflammatory”,
immune modulatory effects. While none of these has
either been conclusively proven as a biological func-
tion of MSCs, or shown to be clinically relevant, over
300 studies around the planet attempt to verify such ef-
fects in clinical studies that lack either the rationale or
the statistical power needed. Most of these studies are
driven, directly or indirectly, by commercial interests,
which are slowly replacing, in the field of MSCs, sci-
ence as the source of science itself and of medical ad-
vances. The implications of misread biology and
medicine are manifold, and do include the flourishing
of a new kind of stem cell quackery that is rapidly
spreading worldwide and undermining drug regulation.
Meanwhile, major progress in understanding the biol-
ogy of “MSCs” are being made, which would suggest
novel but strikingly different directions for medical de-
velopments, which remain disregarded as a result of the
heavily commercial climate established in the field.

503 $ MESENCHYMAL STEM CELLS TO
IMPROVE ORGAN TRANSPLANTATION
OUTCOMES: INITIAL CLINICAL RESULTS

Antonello Pileggi
University of Miami, Miami, Fl, United States

The widespread application of organ transplantation to
the large population of patients with end-stage organ fail-
ure who are in dire need of its benefits is currently being
hampered by a number of challenges. Amongst them are
the shortage of organs for transplantation and the need
for life-long immunosuppression with the associated un-
toward side effects. The field of regenerative medicine is
rapidly evolving, thus creating exciting opportunities to-
ward the development of novel therapeutic protocols
aimed at ameliorating, reducing, modifying, correcting
and curing medical conditions. Mesenchymal stromal
(stem) cells (MSC) are appealing for inclusion in organ
transplantation protocols because of the increasing body
of evidence in support of their beneficial properties both
in tissue repair and for the modulation of immunity. We
will review the encouraging results of the recent clinical
trials on the use of MSC to improve organ transplantation
outcomes.
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504 $ EFFECTS OF SPECIFIC INHIBITION
OF THE IMMUNOPROTEASOME ON FULLY
MHC MISMATCHED ISLET GRAFTS
IN DIABETIC MICE

R. Damaris Molano1, Carmen Fo6no1,
Elsie Zahr-Akrawi1, Maite Lopez-Cabezas1,
Luca Inverardi1,2,4, Camillo Ricordi1,3,5,
Antonello Pileggi1,5

1Diabetes Research Ins8tute, University of Miami, Miami,
FL, United States;
2Medicine/Endocrinology, University of Miami Miller
School of Medicine, Miami, FL, United States;
3Medicine, University of Miami Miller School of Medicine,
Miami, FL, United States;
4Microbiology and Immunology, University of Miami
Miller School of Medicine, Miami, FL, United States;
5Surgery, Microbiology and Immunology, Biomedical
Engineering, University of Miami, Miami, FL USA,
FL, United States

The immunoproteasome plays an important role in in-
nate and adaptive immune responses. Introduction of im-
munoproteasome inhibitors has proven promising for the
treatment of autoimmune disorders and sensitized trans-
plant recipients.

The novel cell-permeable epoxyketone immunopro-
teasome inhibitor ONX 0914 (formerly PR-957; Onyx
Pharmaceuticals, Inc.) selectively targets the immuno-
proteasome subunits b1i (low molecular mass polypep-
tide [LMP] b5i (LMP7) in human and murine cells,
resulting in blockade of proinflammatory cytokine pro-
duction in lymphocytes, and inhibition of IL-17–
producing T cells under Th17-polarizing cytokines in
vitro. Furthermore, ONX 0914 treatment was shown to
attenuate autoimmune disease progression in experi-
mental models of arthritis and colitis.

We sought to evaluate the effects of ONX 0914 in ex-
perimental models of fully MHC-mismatched islet trans-
plantation under the kidney capsule in diabetic mice. We
used a model of pure islet allorejection in chemically-
induced diabetic C57BL/6 mice (H2b) receiving DBA/2
(H2d) islets, and a model where islet immune destruc-
tion to allo- and auto-immunity in spontaneously diabetic
NOD female mice (H2g7). Non-fasting glycemia was
measured on peripheral whole blood. Treatment of
C57BL/6 mice consisted of ONX 0914 given (i.v. for 9-
12 days, then s.c.) for 10-20mg/kg on days -1, 0, 1, 3 and
q.o.d. until day 50. Treatment of NOD mice consisted of
ONX 0914 (10mg/kg), rapamycin (0.2mg/kg daily on 0-
to-28, then q.o.d.) alone or in combination. Control ani-
mals received saline or no treatment.
in vitro stimulation of islets with IFN-gamma resulted

in remarkable increase of MHC class I expression that
could be profoundly prevented by treatment with ONX
0914. In the pure allogeneic transplant combination
(DBA/2àC57BL/6), ONX 0914 treatment resulted in
prolonged islet allograft survival to a median of 55
(range: 10-81; n=7) days compared to 15 (range: 7->100)

days in controls. In the NOD mice, median graft survival
was 15 days (range: 7-15; n=9); 12 days (range: 8-12;
n=6) in ONX0914; and 13 days (range: 11-13; n=4) in ra-
pamycin. Significant synergy was observed with combi-
natorial treatment ONX 0914+rapamycin resulting in
median survival of 44 days (range: 13-44; n=5;
p<0.0001).

Collectively, our data suggests that ONX 0914 treat-
ment can reduce immunogenicity of islet cells via re-
duction of MHC-I expression upon inflammation
exposure. Also, ONX 0914 treatment alone prolongs islet
allograft survival in C57BL/6 mice, but is not effective
in NOD recipients that have an underlying autoimmune
process. However, ONX 0914 synergizes with ra-
pamycin therapy resulting in significant prolongation of
islet function in the autoimmunity + rejection model. Im-
munoproteasome inhibition may represent a viable ap-
proach in organ transplantation.

505 $ PRE$TRANSPLANT INFUSION OF
DONOR STEM CELLS PROTECTS THE GRAFT
FROM ANTIBODY MEDIATED IMMUNE

INJURY$ SINGLE CENTRE EXPERIENCE IN
LIVING DONOR RENAL TRANSPLANTATION

Aruna Vanikar1, Hargovind Trivedi2, Shru6 Dave1,
Himanshu Patel2, Vivek Kute2, Manoj Gumber2,
Pankaj Shah2

1Department of Pathology, Laboratory Medicine,
Transfusion Services and Immunohematology;
2Department of Nephrology and Transplanta8on Medicine;
G. R. Doshi and K. M. Mehta Ins8tute Of Kidney Diseases &
Research Centre (IKDRC)- Dr. H.L. Trivedi Ins8tute of
Transplanta8on Sciences (ITS), Ahmedabad, India

Introduction: Transplantation is a well-accepted ther-
apeutic modalityfor end organ failure. However it has
limitations of requirement of life-long immunosuppres-
sion to prevent rejection of the grafted organ in spite of
which rejection is not fully controlled. Over and above,
it increases morbidity and mortality due to infections/
malignancies associated with immunosuppressive med-
ications. Stem cells (SC) are known to have im-
munomodulatory role in organ transplantation. We report
a cohort of living donor renal transplant patients who
were subjected to pre-transplant stem cell infusion (SCI)
under non-myeloablative conditioning with an aim of
minimizing immunosuppression with minimum/ no im-
mune injury.
Material andMethods:Totally 138 patients with mean

age 32 years and mean HLA-match 2.6, were subjected to
pre-transplant SCI consisting of donor peripheral blood
stem cells, hematopoietic stem cells (HSC) from cultured
bone marrow; and donor adipose tissue-derived mes-
enchymal stem cells (ad-MSC) in a subset of patients,
under principal nonmyeloablative conditioning of irradia-
tion to delete stimulated T and B-cell clones and to create
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space in marrow for grafting of SC. Transplantation was
carried out with favourable cross-match under calcineurin
inhibitor based low dose immunosuppression with my-
cofenolate and prednisone. Post-transplant immune moni-
toring included serum creatinine (SCr) with routine
hematology, biochemical parameters and peripheral blood
lymphohematopoietic chimerism by fluorescent in-situ hy-
bridization in subset of patients with gender-mismatched
donors. Immunosuppression minimization was performed
with stable graft function, and normal protocol biopsies in
patients who gave their consent. Their peripheral T-regu-
latory cells (pTregs) [CD4+CD25highCD127low/neg] were
measured by flow-cytometry and HLA antibodies by lu-
minex assay. Rescue immunosuppression was started with
rise of SCr/biopsy-proven rejection.
Results: Mean quantum of SC infused was 273 ml,

with mean CD34+ 2.02 x 106/kg body-weight (KgBW),
mean CD45-/90+ 4.3 x 104 /kgBW and CD45-/73+ 0.7 x
104/kgBW. There were no untoward effects of SCI/ con-
ditioning. All patients had stable graft function; however
there was presence of donor-specific antibodies (DSA) in
one set of patients and absence of DSA in other set.
Chimerism was not observed consistently. Hence they
were further subdivided into 2 groups based on presence/
absence of DSA; group-1consisted of 90 patients (81
males, 9 females) with mean age 31.8 years, mean HLA-
match, 2.41and presence of DSA, and group-2 of 48 pa-
tients (46 males, 2 females) with mean age 32.5 years,
mean HLA-match, 2.93 had absence of DSA.

Over a mean follow-up of 6.3 years, mean SCr
(mg/dL) was 1.43 in group-1; and 1.4 in group-2 over a
mean follow-up of 6.06 years. Totally 36.7% patients in
group-1 vs. 56.3% in group-2 were on low dose steroid
monotherapy and others were on mycofenolate sodium,
360 mg BD. Out of 51 protocol biopsies in group-1,
90.2% were unremarkable and out of 26 protocol biop-
sies in group-2, 76.9% were unremarkable. Mean pTregs
were 3.3% in group-1 and 3.5% in group-2. There was no
patient/ graft loss in either group.
Conclusions: SC help in achieving stable renal allo-

graft function with minimization of immunosuppression
in spite of presence of DSA. We believe that SCI has pro-
tected the graft from immune injury.

506 $ MSCS IMPROVE REFRACTORY
CHRONIC GVHD BY INDUCING
REGULATORY CD5+ B LYMPHOCYTES

Yanwen Peng1, Xiaoyong Chen1, Qifa Liu2, Ke
Huang3, Longshan Liu4, Jing Sun2, Qiuli Liu1, Andy
Peng Xiang1,5,6
3Department of Pediatrics, the Second Affiliated Hospital,
Sun Yat-Sen University, Guangzhou, People’s Republic of China;
2Department of Hematology, Nanfang Hospital, Southern
Medical University, Guangzhou , People’s Republic of China;
1Center for Stem Cell Biology and Tissue Engineering, The Key
Laboratory for Stem Cells and Tissue Engineering, Ministry of
Educa8on, Sun Yat-Sen University, Guangzhou, People’s
Republic of China;

6Cell-gene Therapy Transla8onal Medicine Research Center,
TheThird Affiliated Hospital, Sun Yat-sen University, Guangzhou,
People’s Republic of China;
5Department of Biochemistry, Zhongshan Medical School,
Sun Yat-sen University, Guangzhou, People’s Republic of China;
4Laboratory of General Surgery, the First Affiliated Hospital,
SunYat-sen University, Guangzhou, People’s Republic of China

Background: Refractory chronic graft-versus-host
disease(cGVHD) is a significant complication resulting
from allogeneic hematopoietic stem cell transplantation.
Mesenchymal stromal cells (MSCs) have unique im-
munomodulatory properties and have shown promising
results in the treatment of GVHD.
Method: 23 moderate or severe refractory cGVHD pa-

tients that enrolled in study received MSCs treatments
as 1×106 cells/kg per infusion and 3 doses at 4-week in-
tervals. Clinical manifestations, laboratory data and pe-
ripheral lymphocyte subsets were analyzed pre- and
post- MSCs treatment.
Result: In this prospective study, we treated refracto-

rycGVHD patients with MSCs and found that none of
the MSCs recipients experienced immediate or long-
term toxic side effects. At a 12-month follow-up, 20/23
patients showed complete response (CR) or a partial re-
sponse (PR), 2/23 patients died of fungal pneumonia,
and 3 patients died of leukemia relapse.The most dra-
matic improvements in GVHD symptoms were ob-
served in the skin, oral mucosa, and liver. Clinical
improvement was accompanied by an increase in the ab-
solute lymphocyte number; but no significant differ-
ences in the frequencies of CD3+ T cells among total
lymphocytes, CD4+ T cells among total CD3+ T cells,
CD8+ T cells among total CD3+ T cells, or Treg cells
among CD4+ T cells were observed between either pre-
treatment or post-treatment cGVHD patients and non-
GVHD patients.In contrast, MSCs treatment decreased
the frequency of B lymphocytes(from 14.92 ± 14.10%
to 6.40 ± 4.70%, p<0.01) in the peripheral blood, but
significantly increased the frequency of CD5+ regula-
tory B cells (from 17.60 ± 13.05% to 28.72 ± 20.24% of
total B cells, p<0.01). Importantly, CD5+ B cells from
cGVHD patients showed increased IL-10 expression
after treatment (from 24.90 ± 17.50% to 49.67 ± 22.61%
of CD5+B cells, p<0.01), and this was associated with
reduced inflammatory cytokine production by T cells,
but not proliferation of T cells. Our data showed that
MSCs perform the immunosuppressive function by en-
hancing the frequency of CD5+B cells in cGVHD pa-
tients through multiple mechanisms, including
increasing survival of CD5+ B cells (76.19 ± 8.74% ver-
sus 19.94 ± 6.03% without MSCs, p<0.01), promoting
proliferation of CD5+ B cells (21.78 ± 3.56% versus
3.91 ± 1.11% without MSCs, p<0.01), and stimulating
the production of the anti-inflammatory cytokine IL-10
by CD5+ B cells (9.53 ± 2.91% versus 1.44 ± 0.56%
without MSCs, p<0.01). These effects required direct
cell-cell interactions and were partially mediated by in-
doleamine 2, 3-dioxygenase (IDO).
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Conclusions: MSCs might exert their immunomodu-
latory effects on CD5+ regulatory B cells to improve the
clinical symptomsof refractory cGVHD. These findings
suggest that MSCs represent an effective and novel cell-
based therapeutic modality for cGVHD.
The National Basic Research Program of China

(2012CBA01302, 2010CB945400 and 2009CB522104);
the National High Technology Research and Development
Program of China (2011AA020108); the National Natural
Science Foundation of China (31171398, 81271265).
The Key Scientific and Technological Projects of

Guangdong Province (2007A032100003); Key Scientific
and Technological Program of Guangzhou City
(2008A1-E4011-5, 2010U1-E00551), the Fundamental
Research Fund for the Central Universities (09ykpy79,
10ykzd02)

507 $ MESENCHYMAL STEM CELL
INDUCED IN$VITRO GENERATION
OF REGULATORY T$CELLS % FUTURE NOVEL
CELLULAR THERAPY FOR TOLERANCE
INDUCTION IN TRANSPLANTATION

Shru6 Dave1, Aruna Vanikar1, Hargovind Trivedi2

1Department of Pathology, Laboratory Medicine, Transfusion
Services and Immunohematology;
2Department of Nephrology and Transplanta8on Medicine,
G. R. Doshi and K. M. Mehta Ins8tute Of Kidney Diseases &
Research Centre (IKDRC)- Dr. H.L. Trivedi Ins8tute Of Transplanta8on
Sciences (ITS), Civil Hospital Campus; Ahmedabad, India

Introduction: Induction of antigen-specific tolerance
is critical for the prevention of autoimmunity and main-
tenance of immune regulation. A subpopulation of sup-
pressive CD4+ T cells, termed regulatory T-cells (Tregs)
have recently been recognized as key players in trans-
plantation immunobiology. However there is little
knowledge about their source and dose required for tol-
erance induction. Tregs induction and activation is an at-
tractive approach of immunotherapy for many diseases/
disorders. However Treg therapy may require in vitro ex-
pansion since Tregs are present at low frequency in most
sites clinically accessible for harvesting. Mesenchymal
stem cells (MSC) have promising role in differentiation
and preferential activation of Tregs to suppress cytotoxic
T-cell activity in transplant recipients. We present in-vitro
model of induction of donor-specific Tregs using donor
adipose tissue derived MSC (AD-MSC) and recipient pe-
ripheral blood mononuclear cells (PBMC).
Materials and Methodology: Ten grams subcuta-

neous adipose tissue was collected from each of 25 renal
allograft donors during nephrectomy and cultured in lab
using α-minimal essential media. On 10th day, AD-MSC
were harvested and cultured in separate culture dishes.
PBMC were derived from immunosuppressed recipients
and were divided in two parts, one as responder-PBMC

(R.PBMC) and other subjected to irradiation served as
stimulator-PBMC (S.PBMC). R.PBMC and S.PBMC
were layered on AD-MSC for 9 days in culture medium
RPMI-1640 supplemented with IL-2 and human albu-
min. R.PBMC and S.PBMC co-cultured in absence of
AD-MSC under similar conditions served as negative
controls. Cells were harvested, analysed for viability,
suppression assay and phenotypic characterization using
FACScan for CD127-/lowCD4+CD25high, CTLA-4+ and in-
fused in thymus of recipients 3 weeks post-transplant.
Results: Mean 3.5 ± 1.3 x103 AD-MSC were gener-

ated and co-cultured with mean 3.6 ± 1.9 x104 PBMC.
Mean CD127-/lowCD4+CD25high were increased from 2.2
± 2.3 % to 16.6 ± 12.8% and CTLA-4+ increased from
27.2 ± 11.6 % to 49.8 ± 16.8 % at the end. Interestingly
there was rise in CD4+CD8+ cells from mean 2.7 ± 6.8 %
to 29.5 ± 27.6 %. Tregs suppressive capacity was main-
tained in populations layered on AD-MSC for 12 days
while control cells lost all suppressive activity after 3
days. Mean quantum of Tregs infused was 2.9 ± 5.3 x
104cells/kg body weight (BW). Tregs infusion was un-
eventful. Over a mean follow-up of 114.4 ± 48.2 days, all
patients are doing well with stable mean serum creati-
nine of 1.2 mg/dL on immunosuppression of Tacrolimus,
0.05 mg/kgBW/day and Prednisone, 10 mg/day without
any immune injury.
Conclusions: We have successfully induced T-regs

[CD127-/lowCD4+CD25high, CTLA-4+ and CD4+CD8+]
using donor AD-MSC from immunosuppressed recipi-
ent PBMC. This novel model will open up the gateway
to tolerance in autoimmunity and organ transplantation.

508 $ DIFFERENTIAL EXPRESSION OF P2X7
RECEPTOR AND ECTONUCLEOTIDASES
IN Β$CELLS UNDER PHYSIOPATHOLOGICAL
CONDITIONS: RELEVANCE TO ISLET
IMMUNOBIOLOGY

Carmen Fo6no1, R. Damaris Molano1,
Oliver Umland1, Fabio Grassi2, Camillo Ricordi1,4,
Paolo Fiorina3, Antonello Pileggi1,4

1Diabetes Research Ins8tute, University of Miami, Miami, FL;
3Children’s Hospital , Harvard Medical School, Boston, MA;
4Surgery, Microbiology and Immunology, Biomedical
Engineering, University of Miami, Miami, United States;
2Ins8tute for Research in Biomedicine, Bellinzona, Switzerland

Under basal conditions extracellular concentrations of ATP
are regulated by ATP release through the P2X7 receptor
and degradation by ENTPDases (CD39) and ecto-5’-
nucleotidase (CD73). ATP may play a dual role in the
homeostasis of islet cells. Both CD39 and CD73 are found
on cell surfaces where they convert ATP, a major source of
energy, into adenosine that is the end product of this de-
grading activity. High ATP concentrations are released by
cells exposed to stress and undergoing death resulting in
heightened inflammation, resulting in their demise. Thus,
expression of purinergic receptors and ectonucleotidases is
dynamic and change under physiopathologic conditions.
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We explored the expression profile of P2X7R and ec-
tonucleotidases in Balb/c islets and pancreata from different
strains of mice under physiologic and pathologic conditions.
Isolated Balb/c mouse islets were exposed in vitro to dif-
ferent noxious stimuli for 24 hrs, consisting of either: IFN-
γ alone (1000U/ml), proinflammatory cytokine cocktail
[CTK; (IL-1β (50U/ml), IFN-γ (100U/ml), TNF-α
(2000U/ml)] and high glucose (HG; 25mM). Untreated
islets were used as a control (CTR). Viable β-cells (R2D6+)
in islets exposed to 24 hrs stress were 45.5% in CTR, 65.7%
in IFN-γ, 66.6% in CTK, and 61.3% in HG.
R2D6+P2X7R+ cells were 6.8% in CTR islets, and in-
creased to 11.5% in IFN-γ treated islets, 17.8% in CTK-
treated islets, while being almost absent under HG (0.6%).
R2D6+CD39+ cells were 1.7% in CTR islets, 6.5% and
8.1% in IFN-γ and CTK-treated islets, and 4.6% in HG.
R2D6+CD73+ cells were 21.4% in CTR islets, 36% in IFN-
γ treated islets, 54.7% in CTK-treated islets and 47.5%
under HG conditions. Expression of MHC-I on β-cells was
2% in CTR and 1.6% in HG, while it dramatically increased
after exposure to IFN-γ (46.3%) and CTK (17%). In disso-
ciated pancreas of C57BL/6, NOD and NOD.SCID mice
β-cells were 80%, 29.9% and 30.2%. R2D6+P2X7R+ cells
were 71.5%, 26.2% and 74%. R2D6+CD39+ cells were
8.5%, 46% and 26%. R2D6+CD73+ cells were 8.2%, 5.7%
and 26.6%. CD3+ cells were higher in NOD (10.9%) than
in C57BL/6 (15.3%); as expected, no CD3+ cells were pres-
ent in NOD.SCID pancreas. CD3+P2X7R+ cells were
higher in NOD (11.7%) than in C57BL/6 (6.1%) pancreas.
CD3+CD39+ cells were more elevated in NOD (23.6%)
than in C57BL/6 (3.3%), and CD3+CD73+ similar (55.4%
and 66%, respectively).

Collectively, P2X7R and ectonucleotidases expression in-
crease in β-cells under stress conditions and may contribute
to the amplification of microenvironment inflammation dur-
ing the development of autoimmune diabetes and after islet
transplantation. Modulation of this pathway could be ap-
pealing to preserve functional β-cell mass in diabetes.

509 % REGENERATIVE MEDICINE
FROM BENCH TO BEDSITE:
OVERCOMINGTHE CHALLENGES
TO RESTORE VISION

Graziella Pellegrini
University of Modena and Reggio Emilia, Modena, Italy

Limbal cultures restore the corneal epithelium in pa-
tients with ocular burns. We investigate biological pa-
rameters instrumental for their clinical success.We
report a long-term multicenter prospective study on 152
patients, carrying severe burn-dependent corneal de-
struction, treated with autologous limbal cells cultured
on fibrin and clinical-grade 3T3-J2 feeder cells. Clinical
results were statistically evaluated both by parametric

and non-parametric methods. Clinical outcomes were
scored as full success, partial success and failure in
66.05%, 19.14%, and 14.81% of eyes, respectively.
Total number of clonogenic cells, colony size, growth
rate and presence of conjunctival cells could not predict
clinical results. Instead, clinical data provided conclu-
sive evidence that graft quality and likelihood of a suc-
cessful outcome rely on an accurate evaluation of the
number of stem cells detected before transplantation as
holoclones expressing high levels of the p63 transcrip-
tion factor. No adverse effects related to the feeder-layer
has been observed and the regenerated epithelium was
completely devoid of any 3T3 contamination. Cultures
of limbal stem cells can be safely used to successfully
treat massive destruction of the human cornea. We em-
phasize the importance of a discipline for defining the
suitability and the quality of cultured epithelial grafts,
which are relevant to the future clinical use of any cul-
tured cell type.

ENGINEERING NOVEL CELLULAR
PRODUCTS FOR THE REGENERATION
OF THE MUSCULOSKELETAL TISSUES

Dr. Pier Maria Fornasari
Musculoskeletal Cell And Tissue Bank- Bologna

The regeneration of musculoskeletal tissues is a very
promising scientific area and is getting increasing clini-
cal results in tendon, soft tissues and bone healing.

Musculoskeletal tissues regeneration covers many dif-
ferent surgical specialties like orthopedics, spine surgery,
sport medicine, dental implantology, maxillo-facial sur-
gery and neurosurgery.

The tissue regeneration requires a scaffold with or
without human stem cells.

The cellular product used can be autologous or allo-
geneic and minimally or more than minimally manipu-
lated.

In the minimal manipulation case, the cells are isolated
from the donor tissue using methods not altering the cells
fundamental characteristics. An example of physical
method for obtaining mesenchymal stem cells from adi-
pose tissue will be presented.

If a cell is minimally manipulated and the use is con-
sidered homologous (same function in donor and recip-
ient) the procedure is considered a cell transplantation.

In the more than minimal manipulation case, like en-
zymatic isolation and culture expansion, the cells are de-
fined altered and thus GMP production and “drug like”
clinical cGCP path is required.

Several products are already available for clinical use
in musculoskeletal regeneration and many others are in
pipeline.
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P�01 � EXPRESSION OF THE CHEMOKINE
RECEPTORS CXCR3 AND CCR5
IN NATURAL KILLER CELLS FROM
UMBILICAL CORD BLOOD
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Ana Helena Santos1, João Rodrigues1,
Lurdes Oliveira1, Maria Luis Queiros1,
Marlene Santos1, Marta Gonçalves1, Sonia Fonseca1,
Catarina Lau1, Maria Anjos Teixeira1, Margarida Lima1

1Haematology, Centro Hospitalar Porto;
2Laboratory Department, Bebevida-Ciências para a vida;
Porto, Portugal

Introduction: natural killer cells (NKC) are of great
interest for their cytotoxic and immunomodulatory prop-
erties, which make them candidates for immunotherapy
of cancer and immunodeficiencies. Most NKC from
adult peripheral blood (PB) express CD56 and two NKC
subpopulations can be detected based on CD56 and
CD16 intensity of expression: the CD56+weak/CD16+
NKC (CD56+ NKC), which are prevalent and have cy-
totoxic functions, and the CD56+strong/CD16-/+
(CD56++ NKC), with immunomodulatory functions.
These subpopulations differ on the expression of various
molecules, including the chemokine receptors (CKR)
which regulate leukocyte migration to various organs and
tissues through interaction with their respective ligands.
Among CKR we highlight the CXCR3 (CD183) and
CCR5 (CD195) that are expressed on memory Th1 lym-
phocytes and on NKC subpopulations. An increase in the
representation of CD56- NKC has also been observed in

umbilical cord blood (UCB), however UCB NKC are
still poorly featured in terms of phenotypic and func-
tional properties.
Purpose: we characterized CD56-, CD56+ and

CD56++ NKC from UCB and compared them with the
corresponding populations of healthy adult subjects PB,
in particular with regard to the expression of two CKR,
the CXCR3 (CD183) and CCR5 (CD195).
Materials and Methods: we studied 15 CB and 15 PB

samples. The expression of CKR was evaluated by flow cy-
tometry (FACS Canto v.2, BD), by direct immunostaining
of leukocytes in whole blood, recurring to multiple combi-
nations of monoclonal antibodies with different specifici-
ties conjugated to different fluorochromes. Analysis was
performed recurring to Infinicyt software (Cytognos).
Results: the percentage of NKC (in lymphocytes)

from UCB was similar to that observed in PB (media
16.6% in UCB vs. 12,8% in PB). However, UCB had a
higher representation of CD56-NKC (media 20,3% in
UCB vs. 5,1% in PB) and a smaller representation of
CD56+ NKC comparing to PB (media 71.9% vs.
87.7%), while the representation of CD56++NKC was
similar (7.8% in UCB and 7.2% in PB). Both in UCB
and PB the majority of CD56++ NKC expressed CXCR3
and CCR5, with relatively strong intensity, while only a
small part of CD56+ and CD56- NKC expressed these
CKR. However, UCB NKC had globally lower expres-
sion of CXCR3 and CCR5 than NKC from PB (p=0.003)
and this was particularly significant for the CD56++ sub-
population (p<0.001).
Discussion: it is known that infiltration in inflamed tis-

sues by activated memory T lymphocytes is mediated by
adhesion molecules and CKR, such as CCR5 and
CXCR3. The same receptors have an important role in
transplant rejection, being proved that their blockage
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with monoclonal antibodies leads to an increased sur-
vival of the transplanted tissue. There are virtually no
published studies on the expression of UCB NKC CKR.
This study shows a reduced expression of CXCR3 and
CCR5 in UCB NKC, which may be associated with less
antigenic stimulation of these cells, in analogy to what
was observed in PB “naive” T lymphocytes which do not
express CCR5 and CXCR3.

P�02 � ANALYSIS OF QUALITY INDICATORS
IN A CORD BLOOD BANK

Marika Bini Antunes, João Sousa, Patricia Benevides,
Carina Peixoto, Monica Santos, Sofia Freitas,
Sergio Moscoso, Rita Rebelo, Sofia Queiros,
Ines Estevão, João Cortez
Laboratory Department, Bebevida Ciências para a vida,
Porto, Portugal

Purpose: to perform an analysis of the quality indica-
tors defined in a private cord blood bank.
Methods:we retrospectively evaluated documental and

technical aspects of cord blood (CB) and cord tissue (CT)
processing during 2012, namely: Information about the
donor (by evaluation of a clinical query, information about
delivery, maternal viral markers and informed consent),
cord blood unit and cord tissue quality conditions (initial
and post-processing total nucleated cell (TNC) and CD34+
number, mesenchymal cell number isolated from CT, cell
viability, number of units with bacterial contamination,
technical aspects about quality of shipping and processing
(temperature and time of shipping, time between DMSO
addiction and the beginning of programmed freezing).

Data were introduced in our database (iCrio version
4.3.1) and analysed by Microsoft Excel 2010.
Results:we received 3774 CB and 1355 CT units in the

considered period. We did not cryopreserve 183 CB units
(positive viral markers in the donor n=6, TNC count <
250x106 n=148, technical problems during collection/de-
fects in primary collection bag n=18, clots/haemolysis n=4,
shipping to the processing facility>72 hours n=6, heredi-
tary disease in the newborn n=1) and 36 CT units (positive
viral markers in the donor n=2, shipping to the processing
facility >48 hours n=18, contamination with resistant bac-
teria n=16). We observed incomplete information about the
donor in 244 processes (no clinical query n= 65, no in-
formed consent n= 83, no information about delivery n=
96) and incomplete labelling in 40 processes. The mean
initial TNC was 879,4x106 (min 250-max 3930,8 x106)
with a mean TNC recovery rate of 82,7% (mean post-pro-
cessing TNC 705,1; min 200-max 3269,9x106). The mean
CD34+count was 15,7x105 (min 1-max 193,4x105). The
mean mesenchymal cell number isolated from 8 cm cord
tissue was 15,47x104 (min 0-max 434,78x104). The mean
cell viability was 97% in CB units and 91% in CT. We ob-
served a positive microbiological culture in 10% and 32%
of the CB and CT units, respectively. E. coli was the most
frequent isolated bacteria both in CB and in CT.

The mean shipping time to the processing facility was
27 hours. Dataloggers in each collection kit revealed that
67 CB and 29 CT units were shipped above the predefined
temperature range (4-24ºC). The mean time between
DMSO addiction and the beginning of programmed freez-
ing was 27 minutes, pointing out that each unit was al-
ways maintained at 4ºC after DMSO addiction.
Conclusions: We observed a very high rate of bacter-

ial contamination in our CT units. Based on these results
we implemented correction actions to improve our prac-
tices. We organized formations for health care profes-
sionals to emphasize the importance of disinfection steps
during collection as well as to optimize the UCB col-
lected volume. Additionally, we planned GMP formation
for all our lab professional to decrease intralaboratorial
contamination. Parents were asked to complete and send
all missing documents to allow a final clinical validation
of the process of CB and CT cryopreservation. The re-
maining evaluated indicators in CB and CT processing
were considered acceptable.

P�03 � ANALYSIS OF APOPTOSIS
IN NATURAL KILLER CELLS FROM
UMBILICAL CORD BLOOD

Marika Bini Antunes1,2, Sonia Fonseca1,
Rita Rebelo2,Patricia Benevides2,
Ana Helena Santos1, João Rodrigues1,
Lurdes Oliveira1, Maria Luis Queiros1,
Marlene Santos1, Marta Gonçalves1,
Magadlena Leander1, Catarina Lau1,
Maria Anjos Teixeira1, Margarida Lima1

1Haematology, Centro Hospitalar Porto;
2Laboratory Department, Bebevida-Ciências para a vida;
Porto, Portugal

Introduction: Two natural killer cell (NKC) subpop-
ulations may be detected in peripheral adult blood (PB)
and umbilical cord blood (UCB) based on CD56 and
CD16 intensity of expression: the CD56+weak/CD16+
NKC (CD56+ NKC), which are prevalent and have cy-
totoxic functions, and the CD56+strong/CD16-/+
(CD56++ NKC), with immunomodulatory functions.
Additionally a third CD56-CD16+ NKC (CD56- NKC)
subset may be observed, being this population more rep-
resented in UCB. In the PB, this population is increased
in patients with cancer, patients treated with IL2 and in
other immunosuppressive conditions, but its significance
remains uncertain. Some authors consider CD56- NKC
as an immature/precursor population mainly on the basis
that these cells may acquire CD56 after in vitro estimu-
lation with IL-2. We hypothesize that these cells are
mainly apoptotic NKC.
Purpose: We studied the expression of apoptosis

markers in the CD56-, CD56+ and CD56++ NKC in nor-
mal PB and UCB.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 77



Methods: We evaluated the expression of annexin V in
NKC subsets from 5 UCB and 5 PB samples. The expres-
sion of annexinwas analyzed by flow cytometry (FACS
Canto v.2, BD), after direct immunostaining of leukocytes
in whole blood with the following combination of mono-
clonal antibodies: AnnexinV (FITC), CD7 (PE), 7-AAD
(PERCP), CD56 (PECy7), CD2 (APC), CD3 (APCH7),
CD16 (PB), CD45 (PO). We always run out a positive and
negative control for each processed sample. Analysis was
performed recurring to Infinicyt software (Cytognos).
Results: We observed a higher percentage of annex-

inV positive cells in CD56- and CD56+ NKC popula-
tions compared with CD56++ NKC, both in PB and in
UCB. In particular, the median percentage of annexinV+
cells in PB was 2.4% in CD56++NKC, 6.4% in CD56+
NKC and 11.6% in CD56-NKC (p=0.07; Kruskal Wallis)
whereas in UCB these percentages were of 9.9%, 17.7%
and 20.3%, respectively (p=0.037; Kruskal Wallis).
Conclusions: Our results show a trend to a higher An-

nexin V expression in CD56+ and CD56- NKC subsets,
which is particularly evident in UCB. This supports our
initial hypothesis and seems to be in contradiction with
the theory that CD56- NKC in UCB is a more immature
subpopulation.

P�04 � HEPATOCYTE AND LIVER
NON�PARENCHYMAL CELLS CO�CULTURE:
IMPROVEMENT OF FUNCTION AND
SURVIVAL OF PRIMARY HUMAN
HEPATOCYTES

Fabiane B. Klem1, Ragai R. Mitry1,
Su9ruk Jitratruch1, Sharon C. Lehec1,
Emer Fitzpatrick1, Robin D. Hughes1,
Anil Dhawan1, Celine Filippi1,2

1Ins5tute of Liver Studies, King’s College London;
2NIHR Biomedical Research Centre, Guy’s and St Thomas’
NHS Founda5on Trust and King’s College London; London,
United Kingdom

Background: Previous studies have shown the posi-
tive effect of mesenchymal stem cells (MSCs) on various
primary cell types, improving their viability and func-
tion ex vivo. Liver non-parenchymal cells (NPCs), such
as sinusoidal endothelial cells, Kupffer cells and stellate
cells can recreate a more physiological niche and help
hepatocytes to proliferate and regenerate after injuries.
We consequently hypothesized that MSCs and NPCs
would improve the viability and function of hepatocytes
isolated from unused donor livers and be beneficial for
encapsulated hepatocyte transplantation.
Aim:To study the effects of liver NPCs and MSCs co-cul-

ture on primary human hepatocytes survival and function.
Materials andMethods: Percoll-purified cryopreserved

human hepatocytes were plated onto collagen-coated cul-
ture plates with or without 10% umbilical-cord derived

MSCs (n=3), or 24hrs before the addition of 10% NPCs
(n=6), in Williams’E medium supplemented with 50IUml
penicillin, 50µg/ml streptomycin, 0.1µM insulin, 0.1 µM
of dexamethasone, 2mM glutamine, 10mM of HEPES and
10% FCS. Supernatants were collected at day 1, 2 and 6
for measurement of cell function (albumin synthesis). Cell
attachment and overall survival was performed (SRB test).
All data were normalized to 100% of day1 control values.
The data were analyzed by two-way ANOVA.
Results: 1 - Preliminary data showed that the MSC ad-

dition dramatically improved hepatocyte attachment on
all days of study, increasing SRB values in the range of
4 to 8 folds in the different sets. Whilst MSC co-culture
did not have any effect on hepatocyte function on day 1
and 2, by day 6 the production of albumin was increased
by an average of 7 fold as compared to the control cells.

2 - NPCs, added 24 hours after plating, did not improve
cell attachment on any day of our experiment (SRB mean
OD for monoculture vs co-culture were on day 1: 0.91 vs
0.8; day 2: 0.72 vs 0.77 and day 6 0.86 vs 0.77) but im-
proved albumin synthesis of the co-culture in all days
(day 1: 100 vs 174 ; day 2: 52.5 vs 87.9 and day 6: 113 vs
160%, for hepatocytes culture vs hepatocyte co-cultured
with NPCs, respectively), though these results are cur-
rently not statistically significant for the addition of the
NPC in the primary hepatocyte culture (n=6, p=0.08).
Conclusions: MSCs and NPCs appear to have a ben-

eficial effect on primary human hepatocytes. The scales
and kinetics of their respective effects are very different,
which probably indicates distinctive mechanism of ac-
tions. Further analysis should shed some light on their
potential contribution to the function of primary hepato-
cytes for use in cell transplantation.

P�05 � ATTACHMENT CAPACITY OF
ADIPOCYTE TISSUE MESENCHYMAL
STEM CELLS IN SUTURE FILAMENTS:
A NEW TOOL FOR THE TREATMENT OF
ENTEROCUTANEOUS FISTULA

BB Volpe1, ASS Duarte1, TB Ribeiro2, IN Stocchero4,
P Kharmandayan4, STO Saad2, JMB Silva3, ACM Luzo1

1Public Umbilical Cord Blood Bank of Haematology
Hemotherapy Center, INCT do Sangue;
2Department of Internal Medicine, Faculty of Medical Sciences,
Haematology Hemotherapy Center, INCT do Sangue;
3Paedria5c Surgery Department, Faculty of Medical Sciences;
4Plas5c Surgery Department, Faculty of Medical Sciences;
University of Campinas, Campinas, Brazil

Background andAims: Enterocutaneous fistulas (EF)
are difficult to resolve and surgical failure is frequent.
Mesenchymal stem cells (MSCs) are able to self renew,
has high proliferative capacity, and can differentiate into
several lineages. They also have immunomodulatory ca-
pacity. Adipocyte tissue (AT) is an easy source as lipoaspi-
ration is a common procedure. Enterocutaneous fistula
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(EF) treatment with AT-MSCs was yet performed but
some time, the fistula did not close completely. Perhaps if
the fistulas were closed with MSCs added to suture fila-
ments with fibrin glue it would be closed totally. The aim
of this study is to analyze if the MSCs could attached in
the suture filament in order to be used for EF treatment.
Materials and Methods: AT was obtained from

lipoaspirate procedures. AT was submitted to collagenase
digestion. Cells were cultured in DMEM low glucose
medium, with FBS during 3 days. At the 4th passages, cells
were characterized by flow cytometry, confocal mi-
croscopy, differentiated to mesodermal lineages to confirm
MSCs. The experiments were performed with 4-0 Vicryl.
MSCs, 106 cells, were fixed in the 4-0 Vicryl by adding-
fibrin glue. Samples were analyzed by confocal (CM) and
scanning electron microscopy (SEM). The animal experi-
ments were performed on male Wistar rats divided into 3
groups: Control Group (CG) included 5 animals undergo-
ing fistula formation alone. Injection Group (IG) consisted
of 8 animals receiving 106 AT-MSC injected around the su-
ture line. Suture Group (SG) consisted of 9 animals in
which suture was performed using 4-0 Vicryl with 106

MSC attached in the filament with fibrin glue. The cecum
was accessed through a standard 7 mm stab incision on the
lower left side of the abdomen. Upon exposure, a 5 mm

enterotomy was performed and sutured to the abdominal
wall in order to produce the fistula. To ensure normal clo-
sure of the fistula the opening in the cecum wall was fixed
to the internal surface of the skin, without maturation, using
four separate 4-0 Vicryl stitches. The fistulas were pho-
tographed on the day of operation and on the 3rd, 6th, 9th,
12th, 15th, 17th, 19th and 21st day, in which they were anes-
thetized and sacrificed. Measure of the size of the fistula
was performed using ImageJ software. Statistic compari-
son between the groups was performed by ANOVA.
Results: CM and SEM results demonstrated that the

cells were able to attach to the suture filaments. The an-
imal experiments showed that the average size reduction
of the fistula area at the 21th day was 46.54% in the CG,
71.80% in the IG and 90.34% in the SG (p<0.05),
demonstrating that MSCs were effective in promoting
healing of an EF both as an injection or attached to the
suture material.
Conclusions: MSCs were able to attach to the suture

filaments. When EF were sutured with filaments con-
taining MSCs they showed better recovery and healing.
AT-MSCs adhered to suture filament might be a new and
effective approach for EF treatment.
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Figure 1. Control group Animal 3. A, 1st day of fistula formation. Note the infected region well. B, 21 days. The healing of the fistula
did not occur. The region is well infected.

Figure 2. Suture Group. Animal 9. A, 1st day of fistula formation. Little infection locals. B, 21 days. The healing of the fistula was total.
The circle shows the area where the leak was.



P�06 � CAN HUMAN LIPOASPIRATE BE
CONSIDERED AN AUTOLOGOUS
INJECTABLE SCAFFOLD TO REPAIR
CARTILAGE DEFECTS?
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In the present study we aimed to achieve a chondrogenic
differentiation of stem cells, not extracted from tissues
but just in their own natural anatomical site (adipose tis-
sue obtained as lipoaspirate) thinking that resident stem
cells will transform the adipose tissue surrounding them
into a fibrous cartilage at the beginning that will become
hyaline cartilage under mechanical stress.

Today chondropathies treatment and prevention of os-
teoarthritis sees inta-articular administration of hyaluronic
acid, treatment with PRP, bone marrow stimulation tech-
niques (subchondral drilling, abrasion, microfracture), os-
teochondral grafting (mosaicplasty), autologous
chondrocyte implantation (ACI) and matrix assisted au-
tologous chondrocyte implantation (MACI) with autolo-
gous chondrocytes cultured on collagen membranes prior
to re- implantation1. None of these techniques produces
long lasting articular cartilage and alternative cell sources
become necessary. Mesenchymal stem cells are giving
promising results for cartilage repair2 but in all these stud-
ies cells need to be isolated from the originating tissue
and expanded and differentiated in vitro prior to trans-
plantation into the damaged cartilage or into materials
used as scaffold to deliver cells into the defect area.

With the aim to overcome excessive manipulation with
enzymatic digestion, economic costs derived from a long
period of cell expansion and differentiation and side effects
derived from the scaffolds used for cell based cartilage re-
pair we have tested the possibility to use intra-articular in-
jection of human lipoaspirate thinking that adipose tissue
works as natural scaffold for MSCs just entrapped in its
stromal vascular portion and will be induced to differenti-
ate to chondrocytes transforming adipose tissue into carti-
lage with or without the help of growth factors.

We have compared in vitro 3D floating cultures of
lipoaspirates obtained with the techniques most fre-
quently used from plastic surgeons (lipoaspirate, Cole-
man, PureGraft, Celution, Lipogems) treated or not for
three weeks with the combination of growth factors that
we have found to be chondrogenic on hMSCs3. Mor-
phological, histological, histochemical, immuno-histo-
logical, mechanical, biochemical and molecular
characterization evidenced that the treatment with the
combined growth factors, induces the formation of a tis-
sue completely different from the starting one and from

that treated 3 weeks without chondrogenic growth fac-
tors. Comparing the 5 lipoaspirates, obtained with the 5
techniques above, the untreated lipoaspirate and that ob-
tained with the Lipogems4 technique showed the most
significant changes in cellular organization, in mechan-
ical properties, in chondrogenic specific proteins syn-
thesis and in their mRNA expression. Our study is going
on to evaluate with a bioreactor (BoseCorp., Electro-
Force Systems Group, MI, USA) if the obtained tissue
will further modify its structure when treated with me-
chanical load similar to physiological conditions.

If our preliminary data will be confirmed, in future or-
thopaedics will treat cartilage and osteoarthritis using
lipoaspirate from the own patient.
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P�07 � THE IMPACT OF HUMAN SERUM,
HUMAN SERUM ALBUMIN AND
TEMPERATURE ON COLLAGENASE AND
NEUTRAL PROTEASE ACTIVITIES

Andrew Breite, Dana Rhorer, Mike Green, Francis
Dwulet, Robert McCarthy
VitaCyte LLC, Indianapolis, IN, United States

An optimized ratio of collagenases and neutral protease
activities are required to successfully release human
islets from pancreatic extracellular matrix. During the
tissue digestion process, free islets can be damaged with
extended exposure to the exogeneous proteases used for
digestion or the endogeneous proteases released from
acinar cells. Clinical human islet isolations typically uti-
lize cold human serum albumin containing buffer to col-
lect the digestion solution to reduce protease activity and
minimize the chances for islet damage. This report looks
at some factors that inhibit collagenase and neutral pro-
tease activities used in tissue dissociation.

Collagenase and neutral protease activity were as-
sessed by using FITC labeled type I calf collagen fibrils
and FITC labeled bovine serum albumin, respectively.
Purified Class 1 Collagenase (C1) from C. histolyticum;
purified neutral protease from B. polymyxa (BP Pro-
tease), or purified neutral protease from B. thermoprote-
olyticus (Thermolysin) were diluted in Tris buffer at pH
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7.5 or in the same buffer containing human serum or
human serum albumin (HSA). Collagen degradation ac-
tivity (CDA) or neutral protease activity (NPA) was
measured at 35, 30, and 26°C.

Neither human serum at 10% nor HSA at 12.5% inhib-
ited the C1 CDA but reducing the temperature to 30°C de-
creased the CDA by about 60% relative to those results
obtained at 35°C (the temperature the CDA assay is rou-
tinely performed). Human serum reduced the BP Protease
and Thermolysin activity. In contrast, HSA alone had little
effect on neutral protease activity, other than at concentra-
tions > 5% where it likely acts as a competitive substrate.
The neutral protease activity of either protease was mini-
mally affected by changes in temperature. Thermolysin ac-
tivity was reduced by < 5% and BP Protease activity was
reduced by about 20% at 26°C relative to 35°C.

These results indicate the low concentration of HSA
typically used in human islet isolations (0.625%) does
not impact the enzyme activities of collagenases or neu-
tral proteases that may damage free islets. Two groups
have reported on the value of using fetal bovine serum or
human serum in the media for islet cell culture relative to
human serum albumin alone1,2. This is likely as a result
of protease inhibitors in serum inactivating exogeneous
and endogenous proteases. While temperature does re-
duce the activity of tissue dissociating enzymes, these
results suggest islets could benefit from being collected
into serum immediately from the digestion circuit.
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Introduction: MPA-induced beta cell toxicity is one
of limiting factors for islet graft survival. However, the
signal transduction mechanisms underlying MPA-in-

duced beta cell toxicity have not been fully elucidated.
Previously, we showed that MPA-induced apoptosis in
pancreatic beta cell proceed through RhoGDI-α down-
regulation linked to Rac1 activation. In the present study,
we investigated the factor affecting the RhoGDI-α in
MPA-induced β-cell apoptosis.
Methods: RhoGDI-α related protein was found by

using the Yeast Two Hybrid (Y2H) analysis. Y2H screen-
ing of RhoGDI-αwas performed in yeast PBN204 strain
containing three reporters (URA3, lacZ, and ADE2)that
are under the control of different GAL promoters. INS-
1E cells, pancreatic β-cell line, were treated with MPA
for 12hr, 24hr and 36hr. Functional screening was deter-
mined by using small interference RNA (siRNA)-medi-
ated knockdown PRMT3 gene in INS-1E cell line.
Results: Using the Y2H analysis, we have identified

83 real positives. Among them, we found that Protein
arginine N-methyltransferase 3 (PRMT3) was interacted
with RhoGDI-α in INS-1E cells. PRMT3 was signifi-
cantly decreased during MPA-induced apoptosis.
PRMT3 silencing with siRNA induced MPA-induced
cell death and altered Rac1 activity.
Conclusion: PRMT3 and RhoGDI-α were found to

interact in pancreatic beta cell. Furthermore, MPA was
found to regulate the interaction between RhoGDI-α and
Rac1 in insulin-secreting cells by down-regulating the
expression of PRMT3. We suggest that control of the in-
teraction between PRMT3 and RhoGDI-α could be used
to prevent MPA-induced beta cell death.
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Introduction: Mycophenolic acid (MPA) is a potent,
noncompetitive, reversible inhibitor of inosine-5’-
monophosphate dehydrogenase (IMPDH), a key enzyme
in the purine de novo synthetic pathway of guanosine nu-
cleotides, and is being widely used to prevent rejection
after solid organ and islet transplantation. However, MPA
can induce cellular toxicity and impair cellular function
in β-cells. To address this issue, we used various meth-
ods, including an Illumina microarray, to examine which
genes are regulated during pancreatic β-cell death fol-
lowing MPA treatment.
Methods: Pancreatic β-cell line, INS-1E cell, and iso-

lated rat islets were treated with MPA for 12 h, 24 h and
36h. Microarray was performed according to the Macro-
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gen rat BeadChip technical manual using Illumina Ra-
tRaf-12 Expression BeadChip. Functional screening was
determined by using small interference RNA (siRNA)-
mediated knockdown and over-expression of Trx1 gene
in INS-1E cell line. The peroxide-sensitive fluorescent
probe 2, 7-dichlorodihydrofluorescein diacetate (DCF-
DA) was used to assess the generation of intracellular re-
active oxygen species (ROS).
Results: We found that thousands of genes, especially

txn1, were significantly altered during MPA-induced
apoptosis. MPA reducesnot only Trx1 gene expression
but also Trx1 protein expression in the INS-1E cell line
and isolated rat islets. Over-expression of Trx1 restores
cell viability, prevents MPA-induced apoptosis via the
MAPK pathway and suppresses ROS generation in re-
sponse toMPA. However, knockdown of Trx1by siRNA
increased MPA-induced cell death, p-JNK and Caspase-
3 activation. It was also observed that ROS levels were
increased by MPA treatment.
Conclusions: MPA significantly provoked the apopto-

sis of insulin-secreting cells via Trx1 down-regulation, and
that the expressional down regulation of Trx1 by MPA was
associated with elevated ROS levels. Our findings suggest
that the control of Trx1 downregulation in response to
MPA is critical for successful islet transplantation.

P�10 � IMPACT OF CO�CULTURE WITH
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ON INSULIN SECRETING FUNCTION AND
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Introduction: The mechanisms of early graft failure
following intraportal islet transplantation remain unclear.
Hepatic ischemia and insufficient neovascularization of
the transplanted islet were considered as one of the bar-
riers against long-term survival of islet. On the other
hand, hepatocyte is well known as its regenerative
power. Also, hepatocytes have protective mechanism
from ischemia. On the basis of the ideas of the effect of
hepatocyte under ischemia, we hypothesized that is-
chemic hepatocytes beneficially effect on islet cells co-
cultured with hepatocytes themselves. Thus, we designed
this study cell line model co-cultured RIN-5F (insulin
secreting cell line) with Hep-G2 (hepatoma cell line) and
primary islets and hepatocyte model isolated from SD
rat using hypoxic condition.
Methods: Hep-G2 cells and primary isolated hepato-

cyte were incubated in hypoxic chamber under the 0 %

and 1 % O2 hypoxic condition. The RIN-5F cells were
co-cultured with each Hep-G2 incubated under different
1 % O2 hypoxic and the islets were co-cultured with 0 %
O2 hypoxic treated hepatocyte.
Results: Insulin secretion of RIN-5F and islets were in-

creased by ischemic-preconditioned Hep-G2 and hepato-
cytes. No change of cell viability of hepatocytes means that
ischemic-preconditioning was not damaged to cell viabil-
ity. IL-6, STAT3 pathway which known as a beneficial ef-
fect on the hepatocyte after ischemic injury also increased
by hypoxic preconditioning. The IGF, HGF, TGF-alpha
and TGF-beta of hepatocytes were also increased by reper-
fusion of ischemic-precondition. Insulin secretion and sur-
vival related gene expressions of islets were increased by
co-culture with ischemic-preconditioned hepatocyte.
Conclusions: These results suggested that ischemia-

preconditioning of liver or hepatocyte might enable well-
function of insulin secretion and long-term survival in
the environment as intraportal islet transplantation.

P�11 � HEPATOGENIC DIFFERENTIATION
OF MURINE MESENCHYMAL STEM CELLS
AS THERAPEUTIC STRATEGY IN CHRONIC
LIVER DISEASE

Sandra Winkler, Sandra Brückner, Peggy Stock,
Madlen Hempel, Bruno Christ
Dept. of Surgery, University of Leipzig, Leipzig, Germany

Background:Mesenchymal stem cells possess the abil-
ity to differentiate into hepatocyte-like cells in vitro. Thus,
they open the possibility for use as therapeutic alternative
instead of hepatocyte or even whole organ transplantation
in different chronic (metabolic) liver diseases such as e.g.
alpha-1-antitrypsin deficiency. This study aimed to exam-
ine functional parameters of murine mesenchymal stem
cells after hepatogenic differentiation in order to develop
a pre-clinical assessment of their potential for clinical ap-
plication in chronic liver disease models.
Methods: Mesenchymal stem cells were isolated from

murine adipose tissue of immunodeficient Pfp/Rag2-/-

mice and were cultured in differentiation media after
reaching 90% confluency. After 0, 7, 14 and 21 days, he-
patogenic features like glycogen storage (PAS-staining),
urea synthesis and the enzyme activity of ethoxyre-
sorufin-O-deethylase (EROD) were measured. Peripor-
tal markers like phosphoenolpyruvatcarboxykinase
(PCK1) and perivenous markers like glutamine synthase
were stained immunocytochemically.
Results: The procedure of differentiation induced mor-

phological changes from a fibroblastoid structure of un-
differentiated cells into a polygonal shape of
differentiated cells. Glycogen deposits were found from
day 7 of differentiation further increasing until day 21.
After 14 days of differentiation, functional markers like
urea synthesis and EROD enzyme activity were signifi-
cantly increased. Sub-populations of cells stained either
positive for PCK1 or GS or both as identified by im-
munocytochemistry.
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Conclusions: Hepatogenic differentiated murine stem
cells feature specific hepatocyte functions already after 14
and 21 days of differentiation. Thus, they may serve as an
alternative therapeutic agent instead of hepatocyte and/or
whole organ transplantation in chronic liver diseases. Trans-
plantation experiments in a mouse model of chronic alpha-
1-antitrypsin deficiency will provide more insight soon.

P�12 � STABLE FEEDER� AND XENO�FREE
SURFACES FOR LONG�TERM GROWTH
OF UNDIFFERENTIATED HUMAN
EMBRYONIC STEM CELLS

Amanda DiIenno, Anna Coclite, Jeffrey Millman,
Jit Hin Tan, Clark Colton, Karen Gleason
Chemical Engineering, Massachuse6s Ins5tute of Technology,
Cambridge, MA, United States

Stem cells hold enormous potential for application in re-
generative medicine and tissue engineering. Human em-
bryonic stem cells (hESC) are difficult to culture while
maintaining an undifferentiated state. Currently used tech-
niques of culture on mouse embryonic fibroblast feeder
layers or on a layer of Matrigel introduce xenogeneic pro-
teins of unknown composition. Approaches for producing
feeder-free culture surfaces composed of well defined
human components are in their infancy. Most rely on
physical adsorption of proteins, providing limited long-
term stability of the protein layer. Silicone rubber (SiR)
membranes were used as the culture substrate because re-
ports show controlled oxygen at reduced levels can aid di-
rected differentiation. However, hESC do not attach and
grow on uncoated SiR. We describe a compositionally de-
fined matrix that supports hESC expansion over five+ pas-
sages, consisting of a cross-linked hydrogel with
carboxylic functional groups, produced byinitiated Chem-
ical Vapor Deposition (iCVD) and deposited on SiR. This
is the first report of iCVD coatings used for hESC growth.
This allows us to coat SiR without modifying its oxygen
permeability; iCVD allows easy copolymerization with
monomers bearing useful functional groups such as car-
boxylic groups that can be easily functionalized with pep-
tides and proteins; iCVD-prepared hydrogels can have a
tunable cross-linking density that makes them stable under
sterilization conditions and long term storage; and iCVD
allows easy tuning of the functional group density on the
surface directly relating to the density of peptides or pro-
teins bonded on the surface. Changes in the vapor feed
ratio of the monomers used in iCVD allowed variation of
the density of -COOH groups on the surface. The -COOH
groups were functionalized by reaction with –NH2 groups
of proteins to covalently bond proteins. The formation of
amidic (-CONH) groups was detected by FT-IR. Surface
density of bound protein (fibronectin) increased with in-
creasing surface density of COOH groups. The density of
protein influenced cell attachment and proliferation. Cell
attachment was monitored by DAPI staining, and pluripo-
tency was monitored by the transcription factor OCT4.
For intermediate densities of COOH groups, cells formed

a uniform confluent monolayer. The majority of the
seeded cells expressed OCT4. When the density of COOH
groups was the highest, the cells formed agglomerates in-
stead of a uniform monolayer. When the density of the
COOH groups was the lowest, the cells formed a uniform
monolayer but not a confluent surface. The loss of con-
fluency and monolayer formation resulted in spontaneous
differentiation. Overmore than 5 passages, hES cells
seeded on the coated surfaces displayed a normal kary-
otype, retained pluripotency, and formed teratomas after
implantation into SCID/Beige mice. The stable, xeno-free
synthetic approach for hESC culture described here is im-
portant for future scale-up of hESC production.

P�13 � DECELLULARIZED BOVINE CARDIAC
TISSUE AS A NATURALLY DERIVED MATRIX
FOR MESENCHYMAL STEM CELL CULTURE
AND DIFFERENTIATION

Ha7ce Ercan, A. Eser Elcin, Y. Murat Elcin
Tissue Engineering, Biomaterials and Regenera5ve Medicine
Laboratory, Ankara University Stem Cell Ins5tute;
Ankara University Faculty of Science, Ankara, Turkey

Introduction: Cardiovascular diseases lead to the de-
crease in both number and regenerative capacity of car-
diomyocytes over time. Cardiac tissue engineering aims
to repair, regenerate or replace damaged tissue by cell
transplantation, by in vitro engineering of cardiac tissue
and by using biomaterials designed for cardiac repair
through vascularization or cell recruitment1. Scaffolds
have been instrumental in promoting cell adhesion,
growth, proliferation, and in providing a mechanical and
instructive support. Decellularization technology offers
new possibilities to make use of specialized tissues and
organs for scaffold development1. Here, we have evalu-
ated the efficiency of decellularized bovine cardiac extra-
cellular matrix (bc-ECM) as a natural scaffold for
mesenchymal stem cell (MSC) culture and differentiation.
Methods: Bovine heart tissue was decellularized using

several protocols involving physical (freezing/thawing),
acidic (deoxycholic acid, peracetic acid) and detergent
(SDS/Triton X-100) treatments, besides lyophilization
and sterilization. To determine cellular remnants we per-
formed DNA content analyses. SEM and histological
analyses were carried out to evaluate decellularization.
bc-ECM was seeded with bone marrow MSCs (between
P2-P5) obtained from Wistar rat femurs. MSCs were cul-
tured under standard expansion and cardiomyogenic dif-
ferentiation conditions. Viability of attached cells was
determined by MTT assay. Immunohistochemistry (IHC)
was employed to follow the level of differentiation.
Results and Discussion: SEM analyses demonstrated

that decellularized bc-ECM had macroporous structure al-
lowing MSCs to attach and proliferate within the scaffold.
DNA content analyses revealed a significant decrease in
the DNA level of decellularized bc-ECM, compared to
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that of the native bc-ECM. Acellularity was also con-
firmed by histochemistry. MTT assay demonstrated the
viability and proliferation of seeded bone marrow MSCs
on decellularized bc-ECM scaffold. IHC showed some-
what increase in the expression of cardiac markers com-
pared to that of MSCs cultured on polystyrene culture
plate, both under cardiomyogenic conditions.
Conclusions: Decellularized bc-ECM supports the at-

tachment and growth of mesenchymal stem cells, and
may have potential as a natural inductive scaffold for use
in cardiac repair with a suitable environment for regen-
erating cells.
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P�14 � BIDIRECTIONAL CELLULAR SUPPORT
IN THE COCULTURE OF HEPATOCYTES
WITH MESENCHYMAL STEM CELLS IN ACUTE

Emer Fitzpatrick, Sunitha Vimalesvaran,
Ragai Mitry, Harry Antoniades, Anil Dhawan
King’s College Hospital, London, United Kingdom

Objectives:Human hepatocyte (HC) transplantation has
promise as a bridge to organ transplantation or spontaneous
recovery in acute liver failure (ALF). Intraperitoneal trans-
plantation of alginate encapsulated HC hepatocytes is an
exciting new approach though the function and viability of
transplanted heaptocytes is a concern. There has been in-
terest in mesenchymal stem cells (MSC) in ALF therapy
as support for coencapsulated HC in addition to their anti-
inflammatory/anti-apoptotic properties. We have previ-
ously shown trophic effects of MSC on HC in standard
coculture. The aim of this study was to investigate this co-
culture system in the presence of human ALF serum to as-
sess the potential of this cellular therapy in ALF.
Methods: Human HCs were isolated from donor or-

gans and MSC from donated umbilical cord. Cells were
plated in monoculture or in direct coculture at a ratio of
6:1 (HC:MSC). After 24 hr, serum from patients with
ALF, normal controls or fetal calf serum (FCS) was
added in increasing concentrations. 24 hours later, stan-
dard culture medium replaced serum following washing.
Cytotoxicity was measured using the sulforhodamine B
and MTT assays at 24 and 48 hr of culture. Specific HC
toxicity was estimated using the soluble K18 M65 cell
death assay. Albumin production was measured using
ELISA. Experiments were repeated in triplicate.
Results: At 24 and 48 hrs, MSC monoculture demon-

strated higher cytotoxicity (>50% reduction in metabolic
activity) in ALF serum versus FCS control (p<0.001). HC

monoculture maintained metabolic activity and cell sur-
vival in ALF serum versus FCS at both time points. Co-
cultured HC and MSC demonstrated better metabolic
activity in ALF serum compared to HC or MSC monocul-
ture (p=0.04).At 48 hrs, specific HC death in coculture ver-
sus monoculture was increased by a factor of 2.3 in FCS
and by 1.3 in normal serum. This adverse effect was abroa-
gated in ALF serum with no increase in HC death in this
culture condition.Albumin production at 48 hrs was greatly
increased in cultures which had previously been exposed to
human serum versus FCS. This effect was seen best in co-
cultured HC with albumin production 7.5 times greater fol-
lowing ALF serum versus FCS exposure (p=0.02).
P-Conclusion: ALF serum has toxic effects on MSC

but when cocultured with HC, cytotoxicity appears to be
reversed, suggesting a possible protective effect of HC
on MSC in this context. This is a novel finding as previ-
ous work has described the trophic effects of MSC on
hepatocytes. This bidirectional cellular support may have
an important role in cellular therapy of ALF.

P�15 � OPTIMIZATION OF MOUSE
PANCREAS TISSUE DIGESTION USING
RECOMBINANT COLLAGENASE CLASS I
AND II BLEND AND PROTEASES

Monica Salamone1, Luca lo Piccolo1,
Alessandra Sansone2, Antonello Pileggi3,
Federico bertuzzi1,4, Giulio Ghersi1,2

1ABIEL S.r.l.;
2Scienze e Tecnologie Bilologiche, Chimiche e Farmaceu5che,
Università degli Studi di Palermo; Palermo, Italy;
3Diabet Research Ins5tute, University of Miami, Miami, FL,
United States;
4Ospedale Niguarda Cà Granda, Milano, Italy

Introduction: Collagenase (COL) are produced by
two separate and distinct genes in Clostridium his-
tolytic; both genes have been cloned and sequenced,
generating the recombinant forms of COL-G and COL-
H [Seidita et al. Xenotransplantation 18(5):291-
292;2011]. Enzyme activity, purity, and formulation
strongly influence the outcome of the islet isolation.
One of the most critical steps on preparation of en-
zymes is determination of their activity. We analysed
the potency of recombinant COL-G and COL-H blends
and neutral proteases or thermolysin in order to obtain
the best pancreatic islet extraction. We used in parallel
classical pz test and collagen digestion unit (CDU), to-
gether with ex vivo mouse pancreas dissociation as-
sessment, to evaluate COL-G and COL-H activity and
determine the amount of proteases necessary to accel-
erate the extractive reaction.
Results:The activity of COL-G was lower compared to

COL-H when we used Chromophore-Substrate Pz peptide,
4-Phenylazobenzyloxycarbonyl-Pro-Leu-Gly-Pro-D-Arg-
OH (Fluka 27667) according to Wunch; in this test, one
unit liberates 1µmol of Pz-Pro-Leu from Pz- Pro-Leu-Gly-
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Pro-D-Arg in 1 minute at pH 7.1 at 25°C; we have COL-
G 0.78 unit/mg and COL-H 4.9 unit/mg. Similarly, using
pz Carbobenzoxy-Gly-Pro-Gly-Gly-Pro-Ala-OH accord-
ing to Grassman (Fluka 27673), COL-G activity was 0.4
unit/mg and COL-H was 1.4 unit/mg. This is likely because
the preferred substrate for COL-G is the native collagen,
while for COL-H denatured collagens. The Pz activity in
the mixture of collagenases G and H depended prevalently
from the amount of COL-H present. The blend H/G = 2:1
have an apparent higher activity compared to the blend
H/G= 0.5 (1:2). However, ex vivo extractive capability of
the two formulations showed opposite results: 90% tissue
dissociation was obtained with H/G=1:2, and only 40%
dissociation with the H/G=2:1 blend. Our data suggest that
the pz method is not optimal to determine the activity of re-
combinant collagenase blends. More similar to the activity
ex vivowas the CDU method for which we used insoluble
collagen (Sigma C-9879); in this test one unit liberates pep-
tides from collagen equivalent in ninhydrin color to 1.0
µmole of leucine in 5 hours at pH 7.4 at 37°C in the pres-
ence of calcium ions. In this case it is possible to see the
synergy between G and H; the enzyme blend G/H 2:1 have
about 900 CDU/mg. The collagen digestion unit of COL-
G and COL-H alone were ~500 CDU/mg and and ~300
CDU/mg, respectively. No extractive process occurs when
we used the two enzymes individually. Moreover our data
confirm the fundamental role of proteases to accelerate islet
extraction from pancreas: the optimal dosage of ther-
molysin was 2 mg/ml; while, for neutral proteases 0.05
unit/ml, added to 4 ml of mix Col G-H (2:1) 1 mg/ml in
mouse islets pancreas purification.

Collectively, our preliminary data suggest that enzyme
blend formulations based on recombinant collagenases H
and G can be generated and may allow for efficient and re-
producible dissociation of pancreatic tissue. Optimization
of blend formulations may be of assistance in standardiz-
ing the human pancreatic islet isolation process.

P�16 � COATING OF PANCREATIC ISLETS
WITH REGULATORY T CELLS FOR LOCAL
IMMUNOPROTECTION � BIOTIN�PEG�SVA
VERSUS BIOTIN�PEG�NHS AS A BINDING
MOLECULE

Karolina Golab1, Seda Kizilel2, Tugba Bal2,
Manami Hara3, Mark Zielinski3, Xiao-Jun Wang1,
Jakub Grzanka1, Ling-Jia Wang1, Olivia Cochet1,
Mar7n Tibudan1, Piotr Witkowski1

1Department of Surgery, University of Chicago,
Chicago, IL, United States;
2Department of Chemical and Biological Engineering,
College of Engineering, Koç University, Istanbul, Turkey;
3Department of Medicine, University of Chicago,
Chicago, IL, United States

Introduction: T regulatory cells (Tregs) possess im-
munosuppressive properties and can serve as an effec-

tive therapy in transplantation. Recently, we have
shown that Tregs can be attached to the surface of
human pancreatic islets using Biotin-Polyethylene- (bi-
otin-PEG-) glycol-N-hydroxylsuccinimide (NHS) mol-
ecule providing local immunoprotection1. Further
optimization of the method can improve coating pa-
rameters and the efficiency of this novel immunopro-
tective approach, which may prolong graft survival. In
this study, we compared two molecules to coat pancre-
atic islets with Tregs in order to increase number of
Tregs attached to islets surface without compromising
islets viability and function.
Methods: Cell surface of human Tregs and pancre-

atic islets was modified using our previous approach-
biotin-PEG- NHS or new molecule instead- succin-
imidyl valericacidester (SVA) (1 mg/ml and 0.6 mg/ml
was used for Tregs and islets, respectively). Then, islets
were incubated for 15 minutes in 37oC with 1mg/ml of
streptavidin as islet/Tregs bridging molecule. Subse-
quently 150 islets were combined with 50x106 Tregs
and incubated overnight for binding. To compare coat-
ing effectiveness between using NHS or SVA group,
Tregs were stained with CellTracker™ CM-DiL dye
and visualized using the Olympus FV1000 Laser Scan-
ning Confocal Microscope. The number of Tregs at-
tached to islets and islet surface area were counted on
Imaris software. The effect of coating on islets func-
tionality was determined using Glucose-Stimulated In-
sulin Response (GSIR) assay: naked (control) or Tregs
coated islets were exposed to high (28 mM) and then
to low (2.8 mM) glucose solution for 1h. The solutions
of each glucose concentration were collected, concen-
tration of released by islets insulin in each was deter-
mined by Enzyme-Linked Immunosorbent Assay
(ELISA).
Results: Coating procedure with biotin-PEG-SVA in

comparison to biotin-PEG-NHS allowed attaching 40%
more Tregs per 1 µm2 of islets surface. While viability
was comparable, function of the islets after coating using
biotin-PEG-SVA molecule was better preserved than
with NHS molecule. GSIR was 62% higher for islets
coated with biotin-PEG-SVA than biotin-PEG-NHS, and
as high as in unmodified islet controls.
Conclusions: Coating of islets with Tregs using biotin-

PEG-SVA improves effectiveness of coating with better
preservation of the islet function comparing to biotin-
PEG- NHS. Improvement in the method of coating pan-
creatic islets with Tregs can further facilitate the
effectiveness of this novel immunoprotective approach
and translation into clinical settings.
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P�17 � AUTOLOGOUS ISLET
TRANSPLANTATION AFTER TOTAL
PANCREATECTOMY FOR CHRONIC
PANCREATITS INTO THE LIVER
AFFECTED BY PRIMARY SCLEROSING
CHOLANGITIS

Ryosuke Misawa1, Ling-Jia Wang1, Sona Young2,
Ruba Azzam2, Karolina Golab1, Xiao-Jun Wang1,
Olivia Cochet1, Michael J Millis1, Jeffrey B Ma8hews1,
Piotr Witkowski1

1Department of Surgery;
2Department of Pediatric Gastroenterology;
University of Chicago, Chicago, IL, United States

Purpose: Intraportal islet autotransplantation is an at-
tractive procedure for patients requiring total pancrea-
tectomy for benign disease. It may improve long-term
glucose control or even prevent the development of
postsurgical diabetes. A healthy liver has been consid-
ered the most optimal site for islet transplantation. We
present for the first time successful autoislet transplan-
tation into a liver affected by primary sclerosing cholan-
gitis(PSC).
Methods: Total pancreatectomy and subsequent islet

autotransplantation were performed in a 16-year-old man
with intractable pain due to chronic pancreatitis. Patient
also had a history of ulcerative colitis and PSC with mul-
tiple biliary strictures. Wedge hepatic (portal) pressure
during the preoperative transjugular liver biopsy was 14
mmHg and biopsy revealed PSC with focal bridging fi-
brosis. During the procedure, the pancreas was surgically
removed and digested, islets were isolated, highly puri-
fied, and infused intraportally as 1 ml tissue volume sus-
pended in transplant media containing 70u/kg heparin.
Results: Opening portal pressure prior to islet infusion

was as high as 19 mmHg, but did not further increase
after completion of islet infusion. Postoperatively, liver
function and portal flow were not affected by the islet
autoransplant.

At one year follow up, patient had excellent
glycemic control with HbA1c 5.9%, c-peptide 0.77
pmol/ml (N=0.3-2.3), and requiring only periodic
short-acting insulin despite chronic oral steroid ther-
apy (Budesonide EC 9 mg daily) to control his au-
toimmune gastritis. Liver function remains unchanged;
serum albumin, INR and bilirubin have been within
normal limits. His transaminases and alkaline phos-
phatase are also not significantly changed from base-
line prior to procedure.
Conclusions: Pancreatic autoislet can be successfully

transplanted into the liver with a hepatobiliary disease
related to PSC without affecting liver or graft function.
Durability of the procedure may be compromised in the
future by the natural course of the liver injury caused by
PSC.

P�18 � EFFECTS OF MICRO�
ENCAPSULATION ON SURVIVAL
AND FUNCTION OF CRYOPRESERVED
NEONATAL PORCINE
ISLET�LIKE CELL CLUSTERS

Kyu-hyun Han1, Hye Jung Yeom1, Sol Ji Park2,
Curie Ahn1,3, Jaeseok Yang1,4

1Transplanta5on Research Ins5tute;
3Department of Internal Medicine, College of Medicine Seoul
Na5onal University, Seoul, Korea;
2Department of Theriogenology and Biotechnology,
College of Veterinary Medicine Seoul Na5onal University,
Seoul, Korea;
4Transplanta5on Center, Seoul Na5onal University Hospital,
Seoul, Korea

Background: Xenogeneic islet transplantation is
promising for overcoming the shortage of human islets.
For the success of clinical islets transplantation, it is nec-
essary to develop a long-term storage method that as-
sures the availability of viable and genetically stable
stocks of functional islet.
Methods: Neonatal porcine islet-like cluster cells

(NPCCs) were microencapsulated in 1.5% alginate.
NPCCs were frozen and thawed using three different
media containing varying amounts of Ham’s F10
medium (F10) and neonatal porcine srum (NPS);
Group1 (G1; 100% NPS+2M DMSO), Group2 (G2;
F10+2M DMSO), Group3 (G3; F10+10% NPS+2M
DMSO). Post-thawing cell viability, and insulin re-
lease function were assessed using CCK-8 assay, glu-
cose-stimulated insulin secretion (GSIS), and
immunohistochemistry (IHC). We also tested GFP ex-
pression in order to verify genetically engineering
maintains its functioin during cryopreservation and
thawing. Selective permeability of the microcapsules
after cryopreservation was confirmed using 20 kDa
and 150 KDa fluorescein isothiocyanate-labeled dex-
tran (FITC-dextran).
Results: G2 had a significantly lower survival rate

compared wih G1 and G3 (G1: 97.69±1.74%, G2:
72.98±4.46%, G3: 99.69±1.67%) after 3 days of cryop-
reservation. G2 also had lower GSIS compared with G1
and G3 after 3 days (G1: 3.43±0.44, G2: 0.66±0.13, G3:
4.20±0.52). TUNEL assay showed that necrotic islet
cells increased in G2, and insulin staining demonstrated
that insulin-positive cells were also slightly decreased in
G2. Microcapsules were not affected by the cryopreser-
vation and thawing, and maintained their selective per-
meability, which allowed 20 kDa FITC-dextran, whereas
did not 150 kDa FITC-dextran. GFP expression was de-
teriorated after thawing in G2.
Discussion: The use of microcapsule and NPS in islet

cryopreservation provided further protection against
apoptosis, and maintained insulin secretion, selective
permeability and stable expression of genetic engineer-
ing in encapsulated NPCCs after cryopreservation and
thawing.
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P�19 � INTRAPORTAL AUTOISLET CELL
TRANSPLANTATION  IAT!: CHANGES IN
PORTAL PRESSURE AND FLOW AND
ASSOCIATED CLINICAL OUTCOMES

Ty Dunn, Melena Bellin, Josh Wilhelm,
A Balamurugan, Greg Beilman, Srinath Chinnakotla,
Selwyn Vickers, David Sutherland, Timothy Prue8,
Bernhard J Hering
Surgery, University of Minnesota, Minneapolis, MN, United States

IAT tissue volume (TV) delivered into the portal venous
system can be associated with acute portal hypertension.
We analyzed the relationships between transplanted TV,
portal vein (PV) pressure and PV flow, as well as the tim-
ing and nature of complications.
Methods: Between 7/2011 and 11/2012 we studied 39

total pancreatectomy IAT patients who underwent pre-
and post-infusion portal pressure and blood flow meas-
urements. TV (ml), islet equivalents/kg, PV pressure and
PV flow (pre-infusion, peak post infusion, and post-in-
fusion) were evaluated for the cohort. Patients were eval-
uated for PV thrombotic complications. The correlations
between changes in PV flow, pressure and tissue volume
were evaluated.
Results: Transplant data for the cohort are shown in

Table 1. We found correlation between the delta PV pres-
sure (peak minus baseline) and PV final flow rates (r=-
0.67, p<0.0001), as well as TV and PV flow (r=-.063),
p<0.0001). 3 patients had transient perterbations in flow;
reversal of flow or no flow in the left PV, detected within
a week of transplant. However, these resolved within a few
weeks. We observed no episodes of main PV thrombosis.

TABLE 1

Mean SD Min Max

Baseline pressure 1.6 3.3 -4 13
(cmH20)

Baseline flow 0.627 0.31 0.14 1.4
(L/min)

Peak Pressure 20.63 9.87 5 40
(cmH20)

Delta Pressure 19.15 9.45 3 39
(cmH20)

Peak Flow 0.348 0.35 0.08 1.6
(L/min)

Final Pressure 18 9 3.5 39
(cmH20)

Final Flow 0.356 0.31 0.04 1.5
(L/min)

Tissue pellet 13.65 5.98 1 30
(ml)

Conclusions: Autoislet cell transplant is associated
with sometimes significant acute portal hypertension. PV
pressures and TV both correlate with final PV flow. No
serious/persistent complications were observed. Real-
time PV flow measurements may be more useful than in-
termittent PV pressure measurements during Tx.

P�20 � CELLULAR INTERNALIZATION
OF TAT�HIGH MOBILITY GROUP BOX 1
A FUSION PROTEIN FOR CYTOPROTECTION
OF XENOTRANSPLANTED PANCREATIC
ISLETS

Yong Hwa Hwang, Minhyung Lee, Dong Yun Lee
Bioengineering, Hanyang university, Seoul, Korea

Although islet transplantation is an attractive procedure
for the therapy of type 1 diabetes, it is usually fails to
achieve permanent insulin independent because of early
graft loss. When diabetic patient were transplanted islet
from 2-3 donor, the transplanted islets are recognized as
antigens by host immune system and they trigger the
process of recruiting immune cells such as macrophages,
fibroblast, and lymphocytes. The activated immune cells
release various cytokines, which can induce structural and
functional damage to islets. Recently, High-mobility group
box 1 (HMGB1) protein is a DNA-binding protein, stabi-
lizes nucleosome formation, and acts as a nuclear factor in
a cell. The HMGB1 has 2 homogenous domains (A- and
B-box) and acidic tail. The B-box is associated with proin-
flammatory activity, while the A-box is a specific antago-
nist by which it inhibits the proinflammatory properties of
HMGB1.Recently, HMGB1 is known to be secreted by
activated immune cells such as macrophages, dendritic
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cells and NK cells in response to infection and inflamma-
tory reactions. Interestingly, it is reported that it is
markedly increased during initial events of early graft loss
of transplanted islets. Specially, pancreatic islets strongly
expressed the HMGB1 protein with higher contents.
Therefore, we predicted that the higher content of
HMGB1 in pancreatic islets is related to early islet graft
loss. To control the activity of HMGB1 protein in islets,
we here newly designed the cell-absorbable Tat peptide-
conjugated HMGB1 A-box (TAT-HMGB1A) fusion pro-
tein. When we treated isolated rat islets with
TAT-HMGB1A, it was significantly internalized into islet
cells with dose-dependency. Also, compared to control
islets, the TAT-HMGB1A-treated islets had normal via-
bility and functionality. Moreover, TAT-HMGB1A treated
islets reduced HMGB1 activity. To evaluate that TAT-
HMGB1A could attenuate the essential islet mass in vivo,
we xenotransplanted marginal mass of rat islets into strep-
tozotocin-induced diabetic mice (200 islets equiva-
lent/mouse). Control islets did not normally control
recipient’s blood glucose levels, whereas TAT-HMGB1A-
treated islets reduced recipient’s blood glucose levels for
more than 1 month. This interesting result might be de-
rived from the inhibition of HMGB1 activity via the in-
ternalized TAT-HMGB1A. Therefore, this TAT-HMGB1A
delivery could be used for successful pancreatic islet trans-
plantation to cure type 1 diabetes mellitus.

P�21 � NUMB EXPRESSION CONTRIBUTES
TO THE MAINTENANCE OF AN
UNDIFFERENTIATED STATE IN HUMAN
EPIDERMIS

Gioacchin Iannolo1,3, Mariarita Sciuto3,
Simona Buccheri3, Cris7na Colarossi3, Giuseppe Te72,
Lorenzo Memeo3, Pier Giulio Conaldi1

1Unita’ di medicina rigenera5va, ISMETT, Palermo;
2Elie Metchnikoff Department, University of Messina, Messina;
3Department Experimental Oncology, Mediterranean Ins5tute
of Oncology (IOM), Viagrande, Catania, Italy

Background: The epidermis is a stratified epithelium
with a stem cell subpopulation in the basal layer that
replicates constantly and periodically detaches from the
basis, undergoing a differentiation process that involves
various developmental signals and regulatory pathways.
Over the course of the last ten years, a number of stud-
ies have aimed to elucidate the intricate scenario that
maintains the epithelial shield during the entire life span.
Objectives: In this study we tried to establish the role

of Numb in the skin compartment, and in particular its
involvement in stem cell maintenance.
Methods: Numb expression in skin compartment was

evaluated by immunofluorescence and immunohisto-
chemistry. Cell separation by adhesion and through FACS
fractionation was used to evaluate, by Western blot,

Numb expression in primary cells at various differentia-
tive stages. Moreover, we overexpressed Numb in the iso-
lated population enriched for undifferentiated progenitors
to establish its involvement in in vitro differentiation.
Results: The presence of Numb in high proliferating

epithelial undifferentiated progenitors contributes to the
maintenance of an undifferentiated state. This regulation
involves the E3 ligases Itch binding. Moreover, the
analysis of a cohort of cutaneous carcinomas showed that
Numb is highly expressed in squamous cell carcinoma
(SCC) and basal cell carcinoma; in both types of carci-
noma we observed a direct correlation between the ex-
pression of Numb and Ki67.
Conclusions: Our data indicate that Numb is involved

in the maintenance of the undifferentiated proliferating
stem cell pool in the epithelial basal layer, and its ex-
pression could become a new marker in skin cancer.

P�22 � HUMAN BONE MARROW�DERIVED
MULTIPOTENT STROMAL CELLS
VIABILITY IS DEPRESSED BY UREMIC
TOXINS � P�CRESOL AND INDOXYL SULFATE

Marta Idziak1, Piotr Pedzisz2, Anna Burdzinska1,
Kamila Gala1, Leszek Paczek1

1Department of Immunology, Transplantology and Internal
Diseases, Transplanta5on Ins5tute;
2Department of Orthopaedy and Traumatology of the Motor
System, Warsaw Medical University, Warsaw, Poland

Over recent years, multipotent stromal cells, also known
as mesenchymal stem cells (MSCs) receive a lot of inter-
est in many medical fields as cellular therapies. In renal
disease, patients may profit from their capacity to aid tis-
sue regeneration and modulate the immune system. How-
ever, the influence of uremic conditions on MSCs’
properties has not yet been elucidated. Meanwhile, it is es-
sential to predict the efficacy of MSCs therapy in renal
disease patients. Therefore, we examined the effect of two
important protein – bound uremic toxins - p-cresol (PC)
and indoxyl sulfate (IS) – on MSCs’ viability in vitro.

Human bone marrow-derived MSCs, obtained mainly
from patients undergoing hip arthroplasty, were incubated
with PC and IS at concentrations corresponding to differ-
ent stages of chronic kidney disease (0.005 mM - 0.01 mM
- 0.25 mM - 0.5 mM of PC and 0.004 mM - 0.04 mM - 0.2
mM - 1.0 mM of IS). After exposure to toxins for 12 hours
cells’proliferation rate (BrdU immunoassay) declined sig-
nificantly in comparsion to untreated controls. PC at 0.25
mM and 0,5 mM caused inhibition of MSCs’ proliferation
by 17% (p=0.008) and 28% (p=0.008), respectively. IS had
a stronger impact on DNA synthesis, causing its decrease
by 34% (p=0.008) at 0.2 mM and by 47% (p=0.008) at 1.0
mM. Mitochondrial activity (MTT assay) decreased simi-
larly in dose-dependent and also time-dependent manner.
After 48h of incubation PC at the highest concentration of
0.5 mM decreased MSCs’ mitochondrial dehydrogenases
activity by 38% (p=0.008), whereas IS at concentration of
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1.0 mM by 56% (p=0.005). PC at 0.25 mM and IS at 0.2
mM did not induce MSCs’apoptosis (Annexin V test), but
significantly damaged cells membranes (LDH activity
assay). Taken together, MSCs’ viability was significantly
downregulated by protein-bound uremic toxins, p-cresol
and indoxyl sulfate, in vitro.

Presented data indicate potentially negative influence of
uremic conditions on MSCs’functionality. Therefore, their
use as autologous therapeutic tools in patients suffering
from kidney diseases and the hypothesis that MSCs mo-
bilized from the bone marrow can participate in kidney re-
generation may be questionable. Moreover, pathologic
complications of chronic kidney disease associated with
low mesodermal cells turnover (such as cardiovascular
events or osteodystrophies) may be regarded as a conse-
quence of MSCs dysfunction caused by uremic toxins.
This work was supported in part by a grant from the

1st Faculty of Medicine at the Warsaw Medical Univer-
sity, Poland in 2012-2013.

P�23 � HEPATOCYTE TRANSPLANTAION
USING AFTER HEPATECTOMY ORGAN OF
CARCINOMA

Masahiro Ito, Ryoutaro Ito, Chihiro Hayashi,
Akihiko Horiguchi
Surgery, Fujita-health University, Toyoake, Japan

Introduction: The patient who underwent large hepa-
tectomy sometime easily became liver failure. Recently
large hepatectomy is very popular for cholangiocarci-
noma (CCC). Recently, we paid attention to this recected
liver. This recected liver have a large quantity of normal
hepatocytes with carcinoma cell. If completely divited
two group using any method, these cell were able to
transplant. This transplant became the singenic transplant
and thought that it was possible for the hepatocytes trans-
plant that future clinical for liver failure treatment.
Materials and Methods: Immortalization rat hepato-

cytes having SV40 largeT antigen as the artificial chromo-
some vector which we already developed in our laboratory.
Immortalizis cell means cancer cell. At first marked this
cancer cell (use the immortalization hepatocytes which in-
troduced GFP into) and mixed this cell and normal hepa-
tocytes and cultured it and I divided cancer cell group using
FACS afterwards and examined it whether the next nor-
malcy hepatocytes were implantable cells.
• G1 Cancer cell group: Artificial chromosome (hepato-

cytes having SV40 largeT antigen +GFP): 1X106),
• G2 Normal hepatocytes group: normal hepatocytes

(Lewis Rat cell separation; 1X106). Mix these both
counties at 7:1 (I do each cell) and divide into two
groups using FACS.
This hepatocyte (1X105 cell) with solution of 0.5ml

and injects it in 25G to the spleen directly in retrosin
treated NARs ( Non albumin Rat).

And also all groups were collected blood sample on
0,7,21, the 28th day and measured blood albumin value
by ELISA.

Conclusions: The normal hepatocytes and cancer cell
were able to prove that they were separable by this
method. However, it is this experiment problems whether
I can isolate it surely and the cell count can extract a large
quantity of implantable cells with a small quantity in the
real clinical place.

P�24 � HOW THE RADICAL SCAVENGER
WORKING FOR HEPATOCYTE
TRANSPLANTATION IN RATS?

Masahiro Ito, Chihiro Hayashi, Ryotaro Ito,
Akihiko Horiguchi
Surgery, Fujita-health University, Toyoake, Japan

Introduction: It has already been established that he-
patocyte transplantation (HTx) in animal models, such
as both chemically and surgically induced acute liver
failure, liver-based metabolic disease, resulted in signif-
icant improvement of liver function and survival.

However, the transplant effects are not enough, and it
is thought that the transplant cell by the hepatocyte trans-
plant wears the life of the cell by a large quantity of NO
by the stoppage of the organization, and an obstruction is
angry at the one of the reason.

We investigated the effects of edaravone, a new free rad-
ical scavenger, on liver oxidative stress in vitro and in vivo.
Material and Method: The edaravone method, It

takes effect in edaravone (3mg/kg. iv.) to a no albumin
rat (NARs) just before 24 hours Hepatocyte transplant.
The hepatocyte isolated with cell separation method and
mixes a 30X106 cell with solution of 0.5ml and injects
it in 25G to the spleen directly. (Lewis rat (150-250g)
entirely.)
• G1: Control (medium injection)
• G2: Normal hepatocyte transplant
• G3: Normal hepatocyte transplant + edaravone,
• G4: edaravone without Tx

All groups animal were sacrificed by day one and
measured Annexin V positive cell (eary apoptosis cell)
and Propidium Iodide positive cell (dead cell) using
FACS.

And also all groups were collected blood sample on 0,
3, 5, 7, the 14th day and measured blood albumin value by
ELISA.
Result:A V positive cell and P I positive cellimproved

in both edaravone groups compared with control.
The albumin value accepted increase with the edar-

avone treated group significantly. At the same time the
spleen which transplanted these hepatocytes could ob-
serve a hepatocyte entirely, and, transplant two weeks
later, hepatocytes increased with the edaravone treated
group significantly again.
Considerations: It was proved that the edaravone was

effective for a transplant cell in this study, and clinical
application would be possible in future, and it was
thought that I would be useful in the future.
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P�25 � DEXAMETHASONE CONJUGATED
POLYAMIDOAMINE DENDRIMER
GENERATION 2 AS EFFICIENT PLASMID
GENE DELIVERY CARRIER

Pureum Jeon, Minhyung Lee
Biotechnology, Hanyang University, Seoul, Korea

Polyamidoamine (PAMAM) dendrimers have been uti-
lized as drug and gene carrier due to their well-defined
size and properties. Dexamethasone, a glucocorticoid
steroid, translocates into the nucleus when it is bound to
its glucocorticoid receptor and has anti-inflammatory ef-
fects. In addition, the glucocorticoid receptor dilates the
nuclear pore complexes, which is beneficial for DNA de-
livery into the nucleus. In this study, the dexamethasone
(dexa) was conjugated to PAMAM generation 2 (G2)
(PAMAM G2-dexa) in order to increase transfection ef-
ficiency of PAMAM. In addition, PAMAM G2-dexa has
an anti-inflammatory effect. PAMAM G2-dexa was syn-
thesized by one-step reaction using Traut’s reagent. The
characterization of PAMAM G2-dexa is performed by
various methods. In order to determine whether PAMAM
G2-dexa formed complexes with pDNA, a gel retarda-
tion assay was performed. PAMAM G2-dexa retarded
completely plasmid DNA (pDNA) at a 1:3 weight ratio.
A heparin competition assay was performed to evaluate
the stability of the PAMAM G2-dexa/pDNA complexes.
PAMAM-dexa begins to release pDNA in the presence
of a thirty-fold weights excess of heparin. The average
size and zeta-potential of the PAMAM G2-dexa/pDNA
complex were measured at various weight ratios and
compared to the PEI/pDNA complex. The cytotoxicity
was evaluated by MTT assay in neuro 2A cells. Although
the toxicity of PAMAM G2-dexa had slightly higher than
PEI, In vitro transfection assay showed that PAMAM
G2-dexa had higher gene delivery efficiency at an 1:4
(pDNA:carrier) weight ratio into Neuro2A cells, com-
pared to those of the PAMAM G2 and polyethylenimine
(PEI). Heme oxygenase-1 (HO-1) expression, which de-
livered by PAMAM G2-dexa was measured by the HO-
1 ELISA. The delivery efficiency of the HO-1 gene
showed that PAMAM G2-dexa had higher than PAMAM
G2 and comparable to PEI. Therefore, PAMAM G2-dexa
may be an efficient gene carriers with high transfection
efficiency and low cytotoxicityand useful for the treat-
ment of ischemic diseases.
The National Research Foundation of Korea funded by

the Ministry of Education, Science and Technology
(20120006988)
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P�26 � ENCAPSULATION OF ISLETS WITH
CLODROSOME IN MATRIGEL
IN A XENOGRAFT MURINE MODEL

Jee-Heon Jeong1, Muhammad Haque2,
Dong Yun Lee3, Youngro Byun1,2

1Research Ins5tute of Pharmaceu5cal Science,
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This study proposes a strategy to generate new immuno-
suppressive therapy to prevent islet rejection after trans-
plantation in type 1 diabetes. This strategy consists of
co-encapsulation of islets and liposomal clodronate to in-
hibit activation of macrophage and immune cells in the
early stage of transplantation. There is need to develop
successful strategies for immunosuppression to the trans-
planted insulin-producing cells in the absence of continu-
ous recipient immunosuppression. Liposomal clodronateis
clodronate-encapsulated liposome for depletion of alveo-
lar macrophages and prevention of macrophage activation.
In this study, we have co-encapsulated pancreatic islets
with clodrosome in the Matrigel (BD bioscience, San Jose,
CA) in order to improve the islet survival time since clo-
drosome deplete phagocytes in the islet transplanted area.
Macrophage depletion is important to improve the graft
survival time of grafted islets because cellular immune re-
action triggers macrophage activation in the early stage of
transplantation.

In order to evaluate the releasing profile of liposomal
clodronatefrom the Matrigel, we have used Cy5.5 labeled
liposome as a drug tracer. Cy5.5 labeled liposomal clo-
dronate releasing profile was observed for 7 days.The re-
leasing profile of liposomal clodronatedemonstrated that
liposomal clodronate remained in the Matrigel for over 48
h. Matrigel-encapsulated or unmodified pancreatic islets
(2000 IEQ/mouse) were subcutaneously transplanted into
Sprague-Dawley (SD) rats. The mean survival time
(MST) of Matrigel-encapsulated islets recipients (5.5 ±
0.22 days) was statistically increased when compared to
unmodified islets (0 ± 0 day, blood glucose level > 200
mg/dl; All recipients). On the other hand, when a low dose
of liposomal clodronate (6.25 mg/kg) was co-encpasulated
with islets in the Matrigel, the MST of encapsulated islets
(> 60 days) was significantly increased compared to that
of native islets (0 day) with liposomal clodronate(Subcu-
taneously, 6.25 mg/kg). After 60 days of transplantation,
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transplanted islets co-encapsulated with liposomal clo-
dronate respond rapidly when exogenous glucose was in-
jected. These results proved that early macrophage
depletion is very important to prevent islet rejection after
transplantation. Immunohistochemical staining of islet-
transplanted area demonstrated that there was strong evi-
dence of insulin-positive cells in islets co-encapsulated
with liposomal clodronatein the Matrigel. In addition, im-
munohistological data indicated that local delivery of a
low dose of liposomal clodronate was effective in inhibit-
ing immune cell migration and activation.

In conclusion, this newly developed method for im-
munosuppression would certainly be an effective strat-
egy for preventing immune activation and for improving
the overall survival of grafted islets after transplantation.

P�27 � ALGINATE MICROENCAPSULATED
HUMAN HEPATOCYTES:
ASSESSMENT OF PHYSICAL INTEGRITY
AND EFFECT OF CELL DENSITY ON
HEPATOCYTE VIABILITY AND METABOLIC
FUNCTION

Su9ruk Jitraruch1, Anil Dhawan1, Robin D. Hughes1,
Sharon C. Lehec1, Daniel Soong2, Ragai R. Mitry1

1Ins5tute of Liver Studies;
2Bri5sh Heart Founda5on Centre of Excellent, Cardiovascular
Division, King’s College London School of Medicine, London,
United Kingdom

Encapsulated human hepatocyte (microbead) transplan-
tation into the peritoneal cavity is an attractive option for
the management of acute liver failure. Optimal hepato-
cyte function and physical integrity of microbeads are
essential factors for clinical use.
Aim: To optimise the protocol for production of algi-

nate microbeads and to investigate hepatocyte viability in
relation to cell distribution within the microbead.
Methods: Microbeads were produced using an encap-

sulator (250µm nozzle) with GMP grade materials.
Empty and human hepatocyte (2.5x106cells/ml alginate)
microbeads were made using different polymerisation
times (10, 15 & 20 min). Physical stability of microbeads
was determined using an osmotic stress test. Empty mi-
crobeads (EMB) were incubated for 3h in 4 hypotonic
and 1 isotonic solutions (transplant medium: CMRL) to
establish the osmolarity at which microbeads are stable.
Microbeads immediately after production were used as
controls. MB size (n=100/sample), MTT assay, and via-
bility (FDA/PI) were evaluated. Hepatocyte functions
(urea and albumin synthesis) in human hepatocyte mi-
crobeads (HMB) were assessed after maintenance in
CMRL for 24h. HMB were produced at 4 densities: 2.0,
2.5, 3.0 and 3.5 million cells/ml alginate. HMB were
maintained in culture for 3d. HMB morphology and cell
viability were assessed at day1using FDA/PI and 3D
confocal microscopy. Cell functions (MTT, urea and al-
bumin) were evaluated at day1 and day3.

Results: Microbeads were of uniform shape and size
(mean diameter: EMB, 577±SEM 0.89µm and HMB,
583±0.64µm). There was a significant increase in EMB
diameter in all samples incubated in hypotonic solu-
tions compared to control (p<0.001; ANOVA). The
15min polymerisation group tended to resist osmotic
shock better than 10 and 20min groups. HMB showed
a similar trend, but was not statistically significant be-
tween groups. No ruptured microbeads were observed.
There was no significant difference in metabolic func-
tion between the 3 different polymerisation time
groups. Cell density data showed that a density of
3.5x106 cells/ml provided the highest viability com-
pared to the other three groups (p=0.001). 3D recon-
struction of confocal microscope images demonstrated
that there was no significant difference in cell viability
within a microbead (inner half vs outer half) in all 4
groups. MTT, urea and albumin assays also demon-
strated no significant differences between the 4 groups
on either day1 or day3.
Conclusions:An optimised protocol for production of

clinical grade human hepatocyte microbeads with good
cell viability, function, and physical integrity has been
established.

P�28 � DEVELOPMENT EPITHELIAL CELL
SHEETS TRANSPLANTATION AFTER
ENDOSCOPIC MUCOSAL RESECTION IN
ESOPHAGEAL NEOPLASMS

Nobuo Kanai1,3, Shinichiro Kobayashi2,
Takahiro Hosoi1, Nobuyuki Tanaka1,
Masanori Maeda1, Masayuki Yamato1,
Takeshi Ohki1,3, Masakazu Yamamoto3, Teruo Okano1

1Ins5tute of Advanced Biomedical Engineering and Science;
3Department of Surgery, Ins5tute of Gastroenterology, Tokyo
Women’s Medical University, Tokyo, Japan;
2Department of Surgery, Nagasaki University Graduate School
of Biomedical Sciences, Nagasaki, Japan

Instruction: Recently, cell-based therapies, regenera-
tive medicine, and tissue engineering have been pro-
gressing rapidly. We have developed a novel strategy for
regenerative medicine to recover tissue functions using
temperature-responsive cell culture surfaces1. To over-
come of conventional methods such as the usage of sin-
gle-cell suspension injection, we have applied
transplantable cell sheets fabricated with temperature-
responsive culture surfaces for cell delivery. In the field
of gastroenterology, these regenerative medicine and tis-
sue engineering approaches have attempted to prevent
postoperative stricture by structurally and functionally
reconstructing normal tissues through the promotion of
early re-epithelialization after endoscopic large size mu-
cosal resection. Our group previously reported a method
of regenerative therapy involving the transplantation of
fabricated epithelial cell sheets in an animal model and
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demonstrated its human clinical application2,3. So far, the
endoscopic technique of cell sheet transplantation was
not easily procedure, and there were no endoscopic de-
livery devices to be useful for cell sheets transplantation.
Presently, we are developing two types of novel endo-
scopic device for cell sheets transplantation, and we also
show recent our research for esophageal regeneration
using cell sheet engineering after circumferential endo-
scopic large size mucosal resection.We examined allo-
geneic epidermal cell sheet transplantation using a novel
endoscopic delivery device in order to transplant more
than one cell sheet at the same time in porcine.
Methods:The novel devices were designed with a com-

puter-aided design system, and the three-dimensional data
were transferred to a 3D printer. And then, primary epi-
dermal cells were isolated from the lower abdominal skin
of miniature pigs, cultured for 18 days at 37°C on temper-
ature-responsive culture inserts. Transplantable cell sheets
were harvested from the inserts by reducing temperature
to 20°C. Immediately after creating full circumferential
esophageal endoscopic submucosal dissection (ESD), an
allogeneic epidermal cell sheet was endoscopically trans-
planted to the ulcer site. The pigs were endoscopically
monitored, and sacrificed 2 weeks after transplantation.

Results: 2-3 pieces of the epidermal cell sheets (20mm
in diameter) were successfully transplanted onto the
ulcer site after circumferential ESD. In addition, early
epithelialization and moderate stricture were observed
by a number of transplanted cell sheets.
Conclusions: These endoscopic delivery devices for

cell sheet would enable easily transplantation of cell sheets
onto the lumen of the esophagus. Additionally, fabricated
allogeneic epidermal cell sheets might be useful for pre-
vention of stricture after esophageal ESD as well as au-
tologous oral mucosa epithelial cell sheets in swine model.

References:

1. Okano T, Yamada N, Sakai H, Sakura Y. A novel recovery sys-
tem for cultured cells using plasma-treated polystyrene dishes
grafted with poly(N-isopropylacrylamide). J Biomed Mater
Res 1993; 27:1243-51.

2. Ohki T, Yamato M, Murakami D, Takagi R, Yang J, Namiki H,
Okano T, Takasaki K. Treatment of oesophageal ulcerations
using endoscopic transplantation of tissue-engineered autolo-
gous oral mucosal epithelial cell sheets in a canine model. Gut
2006; 55:1704-10.

3. Kanai N, Yamato M, Ohki T, Yamamoto M, Okano T. Fabri-
cated autologous epidermal cell sheets for the prevention of
esophageal stricture after circumferential ESD in a porcine
model. Gastrointest Endosc 2012; 76:873-81.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming92

P�29 � CHARACTERIZATION OF LACRIMAL
GLAND�DERIVED EPITHELIAL CELLS FROM
NORMAL MOUSE

Tetsuya Kawakita, Kaori Ito, Motoko Kawashima,
Takaaki Inaba, Naoko Okada, Kazuo Tsubota
Ophthalmology, Keio University School od Medicine, Tokyo, Japan

Purpose: Regeneration of lacrimal gland is necessary
to reconstruct severely damaged ocular surface with no
wetness. To analyze the function of lacrimal gland in cel-

lular level, lacrimal gland cell line might be useful. Be-
cause of no report and no availability of such cell lines,
we tried to establish the murine lacrimal gland cell lines
spontaneously, and analyze the phenotype of those cells.
Methods: Exorbital lacrimal glands of 3-week old mice

(C57B/6) were dissected. The tissues were treated with
Collagenase/Hyarulonidase for digestion. Cells were
seeded on plastic dishes in culture medium (Cnt07 medium
with cholerae toxin). Primary culture were passaged at the
time of semi-confluent. RNA was extracted for real time
PCR of E-cadherin and Lactoferrin. Immunostaining of an-
tibodies against Cytokeratin 14, Aquaporin 8 and alpha-



SMAwas performed.At the time of passage 20, limited di-
lution of the cells were performed for cloning of the cells.
Results: Long term culture of murine lacrimal gland

epithelial cells was established spontaneously in Cnt07
culture medium with cholerae toxin. After clomg by lim-
iting dilution, cell were maintained more than 1 year,
which showed E-cadherin positive, cytokeratin 14 posi-
tive, alpha-SMA negative phenotype confirmed by im-
munostaining and real time PCR.
Conclusions: Murine lacrimal gland epithelial cells

line was established spontaneously, and coule be used
for future research.

P�30 � FABRICATION OF 3�DIMENSIONAL
 3�D! FUNCTIONAL HEPATIC STRUCTURES
USING CELL SHEET STRATIFICATION
TECHNIQUE

KyungSook Kim1, Ohashi Kazuo1, Rie Utoh1,
Kikuchi Tetsutarou1,2, Okano Teruo1

1Tokyo Women’s Medical University;
2CellSeed Inc., Tokyo, Japan

Introduction:Hepatocyte is an attractive cell source for
the study of drug screening tests, and liver tissue engi-
neering, because hepatocyte plays various roles in vivo.
However, hepatocytesin culture are susceptible to loss their
functions in the order of days. Furthermore, hepatocytes
are known to perform morphological dedifferentiation
process under a monolayer culture condition. Therefore, it
is necessary to establish novel culture systems that allow
hepatocytes to preserve their morphologies and functions
for a long period of time in vitro. The present study was
designed to develop a highly functional 3-dimensional (3-
D) hepatic culture systemthat closely mimics the native
liver microstructure using hepatocyte sheets and endothe-
lial cell sheetsto preserve hepatic functions.
Methods: In this study, hepatocyte isolated from F344

rats and bovine carotid artery endothelial cells were used.
Both cells were separately cultured on temperature re-
sponsive culture dishes at 37°C. After a 3-day culture, both
cultured cells were harvested as a sheet form by decreas-
ing culture temperature to 20°C for 30 min. A hepatocyte
sheet layer (Hep) was sandwiched between two endothe-
lial cell sheet layers (ECs) using a cell sheet stratification
manipulator for creating a triple-layered hepatic structure
(EC-Hep-EC). Double-layered hepatic structure (EC-Hep)
was created by stratifying EC onto a Hep. Cell morpholo-
gies and hepatic functions were assessed in EC-Hep-EC,
EC-Hep, and conventional monolayer hepatocytes(Hep).
Results: Microstructures of each group were individu-

ally investigated by a transmission electron microscope
(TEM) at 10 days after cell sheet stratification. A hepato-
cyte layer in EC-Hep-EC was thicker than those of Hep
and EC-Hep. The thickness of hepatocyte layer in EC-Hep-
EC at day 10 was nearly identical to that of hepatocytes in
vivo. In addition, numerous bile canaliculi were observed
at inter-hepatocyte in EC-Hep-EC. These ultrastructural
observations indicated that hepatocytes in EC-Hep-EC pre-

served their differentiated phenotype including biliary sur-
faces. Functional analysis demonstrated that EC-Hep-EC
had the highest values in albumin secretions and urea syn-
thesis among the three groups. Cytochrome P450 (CYP)
activity related with a drug metabolism was also measured
at 10 days.As a result, the activities of CYP3Aand CYP1A
in EC-Hep-EC were higher than those of the other groups.
Conclusions: The cell sheet stratification technique al-

lowed us to create functional triple-layered hepatic con-
structs that structurally resembled a microstructure of the
liver. The triple-layered hepatic constructs showed the
highest liver-specific functionalities compared with those
of EC-Hep or Hep. The present study highlighted that
cell sheet-based fabrication of 3-D hepatic constructs
would be valuable systems for drug screening, liver tis-
sue engineering, and hepatocyte transplantation field.

P�31 � DEVELOPMENT OF AN ECONOMICAL,
CONSISTENT AND SCALABLE METHOD OF
YOUNG PORCINE ISLET ISOLATION AND
TISSUE CULTURE

Jonathan RT Lakey1,2, Morgan Lamb1,
Michael Alexander1, Remick Stahl1

1Surgery;
2Biomedical Engineering, University of California Irvine,
Orange, CA, United States

Xenotransplantation of porcine pancreatic islets contin-
ues to make research advances to clinical trials for pa-
tients with insulin-dependent diabetes. Our specific
efforts have been focused on a model of using young,
pre-weaned porcine pancreases, and gentle enzymatic di-
gestion followed by tissue culture for 8-10 days at 37oC.
Unpurified pancreatic digest is maintained in tissue cul-
ture in a novel culture media containing specific colla-
genase and protease inhibitors, specific nutrients to
improve islet survival and methods to selectively reduce
exocrine content over time in tissue culture.

Using this model we have demonstrated yields of
>5000 IE/ gm of pancreas, islet purity of 75-80% and vi-
ability >80 % (Newport green/PI) after 10 days of cul-
ture, while demonstrating functional response to glucose
stimulation. Given the small size of young piglet pan-
creases, there is a need to use several pancreases to
achieve a clinically transplantable volume of viable islets.
The aim of this study was to demonstrate both con-
sistency and scalability of the islet isolation and cul-
ture process using the young piglet pancreases model.

Groups of pancreases from young pre-weaned male
Yorkshire piglets (15-22 days) were rapidly procured
(<5mins), with cold storage times limited to under 2
hours (OPS solution, Optatio LLC. at 4oC). Pancreases
were then digested in a low-dose collagenase enzyme
(Sigma Type V or VitaCyte) for 15±2minutes at 37oC.
Unpurified pancreatic tissue was cultured in T175 sus-
pension flasks (Corning) at a dose of 0.25g tissue/mL
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with culture media changes every 2 days for 8-10 days.
From a series of 10 consecutive isolations, Islet yields

averaged 29,088±1959 IE per piglet pancreas with an av-
erage viability of 89.3±4.1% (Newport Green/PI) at 8
days post culture. Islet yields ranged from 54,200 –
62,341 IE for islet yields with 15.7% percent variability
between isolations and on average 5,529IE/g of pancreas.
Islet viability ranged from 84.0-96.2% (2.7% variability
between isolations) with average viability of 89.3±0.4%.
Purity of islet tissue to exocrine was 74.8±3.9% (5.5%
variability between isolations). Islet function using GSIR
was equivalent from isolation to isolation with the mean
calculated stimulation index of 2.54±0.8 (p<0.05,
ANOVA) with a variation of 2.3% between isolations.

In terms of scalability, the isolation and culture process
was performed using 12 pancreases at one time with
yields of 29,432.2±413 per pancreas with a viability of
87.6±2.3%. This equates to 5,457.2 IE/gm of processed
pancreas (p=ns, t-test).

This study demonstrates the consistency of islet isola-
tion using this model, and the feasibility of porcine islets
to produce a scalable process to produce volumes of vi-
able islets for future large animal and clinical transplan-
tation trials of this technology.

P�32 � CHARACTERIZATION OF YOUNG
PORCINE TISSUE DURING MATURATION IN
TISSUE CULTURE USING FLOW CYTOMETRY

Morgan Lamb1,4, Lourdes Robles1, Vanessa Scarfone4,
Kelly Laugenour1, Remick Stahl1, Clarence E Foster III1,
Jonathan RT Lakey1,2,3,4

1Surgery;
2Biomedical Engineering;
3Developmental and Cell Biology;
4Bill Gross Stem Cell Research Center, University of California
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Porcine pancreatic islets are being explored as a source for
islet xenotransplantation. Previous Methods of islet isola-
tion from market-weight pigs are labor intensive, incon-
sistent yields, and islets tend to fragment resulting in
suboptimal yields for transplantation.Additionally, porcine
islet isolation is highly dependent on effective and com-
plete enzymatic digestion of the islets from exocrine tissue
stroma. New methods of islet isolation of young piglet pan-
creases yield viable function. The aim of this study was
to further characterize young porcine islets, while
tracking changes in islet cellular characteristics using
flow cytometry and standard islet isolation endpoints.

Pancreases from pre-weaned Yorkshire pigs (age range
18-22 days) were rapidly recovered and partially digested
using low-dose purified collagenase MA/BP protease.
Unpurified pancreatic tissue was then maintained in tis-
sue culture (37oC/5%CO2) in a novel culture media for
up to 11 days with media changes every 48hrs. During in
vitro maturation, tissue samples were aspectically col-
lected and analyzed for quality by islet yield (IEQ), purity

(dithizone) and cell viability (FDA/PI). In vitro function
was assessed using a static glucose-stimulated insulin re-
lease (GSIR) assay and calculated as the stimulation
index (SI=insulin release in 28mM glucose over the in-
sulin release in 2.8mM glucose). Samples were charac-
terized for islet cellular composition by dissociating islets,
using Acutase, and analyzing by immunohistochemistry
for antibodies targeted for glucagon (α-cells), insulin (βϕ-
cells), and amylase (acinar tissue), using flow cytometry.

The proportion of dithizone-positive tissue increased
during tissue culture (12.6x103±183IEQ to 33.3x103±136
after 7 days of culture, p<0.05 mean±SEM) Islet function
improved during time in culture (SI 1.3±0.1 at day 0, to
2.6±0.2 after 7 days of culture). During islet maturation,
using flow cytometry, amylase proportions decreased
from 44.0±4% to 20.4±6%, while beta cell (insulin) pro-
portion within the islet increased from 25.4±4% to
49.8±7% after 3 and 7 days in tissue culture (p<0.05). A
further increase of beta cells (54.4±8%)along with a de-
crease in acinar cells (13.7±8%) was observed after 11
days in tissue culture. We observed no significant differ-
ence in proportion of glucagon-positive cells during in
vitro culture (30.5±6% day 3 vs. 27.6±3% day 7, p=ns).

During maturation in tissue culture, piglet islets in-
crease beta cell proportions while decreasing exocrine
portions. Using a novel isolation protocol, including par-
tial enzymatic digestion and novel islet culture media,
we observed a selective decrease in the proportion of
amylase-positive cells over time in tissue culture. These
viable functional piglet islets achieved using this proto-
col are being considered for future transplant studies.

P�33 � TISSUE ENERGETICS AS A PREDICTOR
OF THE EFFECTIVENESS OF PIGLET
PANCREAS ORGAN PRESERVATION

Michael Alexander1, Tom Spizzo2, Michael Mar7n2,
Remick Stahl1, Morgan Lamb1, Clarence E. Foster III1,
Jonathan RT Lakey1

1Surgery, University Of California Irvine, Orange, CA;
2Spring Point Project, Minneapolis, MN, United States

The development of islet xenotransplantation towards
clinical trials requires standardized procedures for the
validation of tissue quality and stability of the pancreases
and islets during shipping. Our ultimate goal is to de-
velop a predictive assay of islet viability and function
that can be used as release criteria for standardizing
transplantable islet tissue. The aim of this study was to
understand tissue changes during organ preservation
and shipment by measuring tissue apoptosis and
necrosis levels in pancreases hyperthermically stored.

Pancreases (n=30) were obtained from euthanized pre-
weaned pig (18-25 days, Spring Point Project Facility) using
a rapid surgical approach and immediately placed in either
cold (4oC) organ preservation solution (OPS) or EuroCollins
(EC) solutions. Pancreases were then shipped, in validated
shipping boxes (temp log recorded at 2-6oC), by same day
courier to University of California Irvine for islet isolation.
Pancreas samples were taken and snap frozen in liquid ni-
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trogen at time of procurement (t=0), at time of arrival at UCI
(t=12 hours), at 18, 28 and 52 hours post-organ preservation.
Samples were placed in labeled cryo tubes and snap frozen
and stored at until batch assayed for tissue apoptosis and
necrosis by the change in ADP/ATP ratio using ApoSEN-
SOR ADP/ATP Ratio Bioluminescence assay kit.

At the time of procurement (t=0) ADP/ATP ratios re-
mained low when pancreases were stored in both OPS
(1.61±0.16) and EC (1.53±0.28) with no significant dif-
ference between OPS or EC (p=0.25). There were in-
creases in stored tissue energy losses with an increase in
ADP/ATP ratio levels for pancreases stored in both OPS
and EC during the total 52 hours of cold storage. At 12
hours ADP/ATP ratio levels were 1.88±0.21(OPS) and
4.18±1.92 (EC), at 18 hours ratios levels were 2.65±0.13
(OPS) and 3.33±0.27 (EC), at 28 hours levels were
3.26±0.29 (OPS) and 7.00±0.83(EC), and at 52 hours ratio
levels were 4.40±0.37 (OPS) and 7.34±1.59(EC). All re-
sults were shown as mean±SEM. When ADP/ATP ratios
were compared between OPS and EC during the 52 hours
of cold storage levels was shown to be significantly dif-
ferent (p=0.004), with overall lower ratios seen in OPS
suggesting improved maintenance of tissue energy stores.

These studies show that both EC and OPS are suitable
preservation solutions for pancreases storage and transport.
However, the lower ADP/ATP ratio seen throughout the 52
hours of cold storage in piglet pancreases preserved in OPS,
when compared to that in EC, suggests the tissue energy
and viability is better maintained. Concluding that OPS may
protect pancreases against cellular tissue loss more effi-
ciency than pancreases stored in EC. Future experiments
include measuring the correlation betweenADP/ATP ratios
to islet isolation yields, which will be the foundation for the
pancreas preservation acceptance criteria.

P�34 � EXOCRINE ACINAR ZYMOGEN
GRANULE DENSITY IS AN IMPORTANT
DETERMINANT OF SUCCESS IN YOUNG PIG
ISLET ISOLATION AND SURVIVAL

Rahul Krishnan1, Morgan Lamb1, Michael Alexander1,
Tom Spizzo3, Michael Mar7n3, Clarence E. Foster III1,
Edwin Monuki4, Jonathan RT Lakey1,2

1Surgery;
2Biomedical Engineering;
4Pathology and Laboratory Medicine, University of California
Irvine, Irvine, CA, United States
3Spring Point Project, Minneapolis, MN, United States

Pancreata from pre-weaned young pigs offer a scalable and
consistent source of viable islets for xenotransplantation
and have demonstrated low basal and stunted secretory lev-
els of pancreatic amylase, lipase, trypsin and chymotrypsin.
High levels of pancreatic enzymes during tissue digestion
and in-vitro culture injure the islets isolated during the
process, adversely affecting their survival and function. We
hypothesize that the exocrine component of pancreata har-
vested from pre-weaned young pigs is immature and hence
islets isolated from these pancreata are protected from in-
jury during isolation and prolonged tissue culture.The aim

of this study is to determine the impact of piglet donor
age and weaning status on exocrine maturity.

Pancreata harvested from 18-22 day old pre-weaned
Yorkshire pigs (Group I, n=8), weaned young pigs (45
day old) fed on solid food for 4 weeks (Group II, n=8)
and adult pigs (>90 days old), on a solid diet (Group III,
n=8) are fixed and histological sections from the head
and tail regions are stained with Hematoxylin & Eosin
using standard protocols and compared.

Sections were examined under a light microscope to
compare acinar size, structure and morphology. Under a
fluorescent microscope using laser-excitation (ex/em
488/540 nm), enzyme-containing zymogen granules lo-
calized within the apical cytoplasm of the pancreatic acini
were observed to be brightly fluorescent while pancreatic
ductal cells and endocrine islet cells were not. Periodic
Acid-Schiff (PAS) staining performed with diastase di-
gestion in paired mirror sections helped confirm this ob-
servation. The intensity of the fluorescent signal emitted
by the acinar zymogen granules was also measured. The
intensity of the fluorescent signal is directly proportional
to the concentration of zymogen granules within the acini,
which is a reliable index of exocrine maturity.

Quantitative evaluation of the fluorescent signal in-
tensity demonstrated a 32% lower signal intensity in pre-
weaned young pigs (1.50±0.04U) than weaned young
pigs (2.21±0.02U) and 46% lower than adult pigs
(2.77±0.05U). All values are expressed in U per 100 µm2

of tissue (Mean±SEM, p<0.05, ANOVA). These results
highlight the relative immaturity of the exocrine compo-
nent of the pancreas in pre-weaned pigs when compared
to weaned young and adult pigs.

In summary, the impact of piglet donor age and wean-
ing status on exocrine maturity and the histological dif-
ferences between pre-weaned and weaned young pigs
have been demonstrated.

Future studies will further expand on these results by
assessing tissue harvested from neonatal and retired
breeder pigs. Specific islet studies will help understand
the impact of exocrine maturity on islet function and sur-
vival after isolation and tissue culture as well as help elu-
cidate the mechanisms behind the increased success of
islet isolation from pre-weaned pigs.

P�35 � CELLULAR INTERNALIZATION
OF ANTIOXIDANT TAT�METALLOTHIONEIN
FUSION PROTEIN FOR INDUCING HYPOXIC
RESISTANCE TO SUBCUTANEOUSLY
XENOTRANSPLANTED PANCREATIC ISLETS

Min Jun Kim, Yong Hee Kim, Dong Yun Lee
Bioengineering, Hanyang University, Seoul, Korea

Pancreatic islet transplantation is a promising method for
treatment of type 1 diabetes, but transplantation outcomes
have been disappointing due to early graft hypoxia and sev-
eral immune responses which generates oxygen free radi-
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cals. It has been reported that metallothionein (MT), a cys-
teine-rich and low-molecular-weight protein, provide cel-
lular protection from reactive oxygen species (ROS) such
as superoxide, hydrogen peroxide, hydroxyl radical, and
nitric oxide by using scavenging property. However, MT
protein is rarely expressed in pancreatic islets, which means
that islets are easily damaged by ROS. Therefore, to over-
come this issue, we designed cell penetrating Tat peptide-
MT fusion protein (Tat-MT) to enhance MT uptake into
islets. The main aim of this study was reducing oxidative
stress on islet via delivery of Tat-MT. The second goal was
to investigate that Tat-MT could show synergistic effect in
islet xenotransplantation when accompanied with biocom-
patible poly(ethylene glycol) (PEG) conjugation onto islet
surface and administration of immunosuppressive agent
into diabetic recipients. Firstly, we confirmed that Tat-MT
fusion protein that was conjugated with fluorescenceAlexa
488 dye was effectively internalized into islets by confocal
laser microscopy. Even though Tat-MT was delivered into
islets, their insulin secretory function was not significantly
difference compared with fresh islets. Also, we confirmed
that the viability of Tat-MT-delivered islets could be im-
proved after treatment of paraquat, a chemical of ROS
donor. To evaluate the scavenging effects of Tat-MT in vivo
model, we xenotransplanted 350 IEQ Tat-MT-delivered rat
islets or untreated rat islets (control group) under the renal
capsular membrane of left kidney in the streptozotocin-in-
duced diabetic Balb/c mice. Median survival times (MST)
of Tat-MT-delivered islets were positively improved, but
not strongly. Collectively, this result demonstrated that Tat-
MT internalization into islets can protect xenotransplanted
islets from radical species produced from the host’s im-
mune reactions and hypoxic state of transplanted islet.

P�36 � DONOR SPECIFIC TRANSFUSION
COMBINED WITH ANTI�CD134L AND
RAPAMYCIN INHIBITS ACCELERATED
REJECTION MEDIATED BY ALLOANTIGEN�
PRIMED MEMORY CELLS IN MICE

Longshan Liu1, Feng Wang1, Dong Wang3,
Hui7ng Huang1, Wenwen Li2, Qiao Su2, Changxi Wang1

1Organ Transplant Center;
2Animal Laboratory Center;
3Department of Clinical Laboratory, The First Affiliated Hospital,
Sun Yat-sen University, Guanghzou, People’s Republic of China

Background: Donor-reactive memory cells threaten
the survival of transplanted organs, and hamper mainte-
nance of transplant tolerance. In this study, we investi-
gated the inhibitory effect of donor splenocyte
transfusion(DST) combined with anti-CD134L and ra-
pamycin on memory cells-mediated accelerated rejec-
tion in an allogeneic heart transplantation model in mice.
Methods: Male Balb/c and C57BL/6 mice were used as

the donor and recipient.After sensitization with donor skin al-
lografts, splenocytes from the alloantigen-primed C57BL/6

mice were prepared and adoptively transferred (5×106) to a
naïve recipient followed by heart transplantation (HTx).Thus,
we established a memory cells-mediated accelerated rejec-
tion model of heart transplantation. Mitomycin C-treated
donor splenocytes were transfused to HTx recipients seven
days prior to transplantation, and short-term low dose of ra-
pamycin and anti-CD134L were initiated after transplanta-
tion. Graft survival and pathology of rejection was examined.

Memory cells proliferation, function and the proportion
of regulatory T and B cell populations were also examined.
Results: The mean survival time (MST) of grafts in the

control group was 5.3 days, and more than 40 days in the
group treated with DST/anti-CD134L/rapamycin. The
DST/anti-CD134L/rapamycin regimen prevented lympho-
cytic infiltration in the grafts, inhibited memory cells prolif-
eration in the spleen, reduced donor specific antibody level,
and increased proportion of CD4+Foxp3+regulatory T cells
(Tregs) as well as CD1d+CD5+regulatoryB cells (Bregs).
Conclusions: Our data suggest that DST combined

with rapamycin and anti-CD134L can synergistically in-
hibit accelerated rejection mediated by memory cells and
thus prolong heart allograft survival in mice. Both regu-
latory T cells and regulatory B cells may play important
roles in modulation of memory cells.

P�37 � PRETREATMENT OF DONOR
SPLENOCYTE AND GRAFT WITH
MITOMYCIN C ATTENUATES REJECTION IN
HEART ALLOGRAFT TRANSPLANTATION IN
MICE

Longshan Liu, Suxiong Deng, Feng Wang,
Xiaopeng Yuan, Hui7ng Huang, Wentao Zeng,
Changxi Wang, Xiaoshun He
Organ Transplant Center, The First Affiliated Hospital,
Sun Yat-sen University, Guangzhou, People’s Republic of China

Objective: To investigate effect of pretreatment of
donor splenocyte and graft with mitomycin C (MMC) on
heart allograft survival, and to demonstrate the mecha-
nism of function.
Methods: Donor splenocytes from donor mice were

incubated with MMC in vitro and were then transfused
into recipient mice. The heart allograft was perfused with
MMC prior to harvest.
Results:Donor splenocyte transfusion (DST) combined

with MMC-graft pretreatment prolonged heart allograft
survival from seven to 28.5 days. DST or combination
strategy significantly decreased CD4+CD25+ population
in CD4+ T cells from 15% to 7.4% and 8.6% andmean-
while increased CD4+Foxp3+ T cells from 15.5% to 18.2%
and 18.6%. MMC incubation in vitro induced apoptosis
of donor splenocytes from 15.5% to 23.2%.
Conclusions: Transfusion of MMC-treated donor

splenocytes either alone or combined with graft pretreat-
ment with MMC could significantly prolong heart allograft
survival in mice. MMC pretreatment could induce apopto-
sis of donor cells, increase production of regulatory T cells,
and thus achieve donor-specific immunosuppression.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming96



P�38 � DYNAMIC ANALYSIS OF
B CELL SUBSETS IN DE NOVO
LIVING�RELATED
KIDNEY TRANSPLANTATION
WITH BASILIXIMAB INDUCTION

Longshan Liu, Dongwei Li, Qian Fu, Feng Wang,
Jun Li, Yanwen Peng, Jiguang Fei, Lizhong Chen,
Changxi Wang
Organ Transplant Center, The First Affiliated Hospital,
Sun Yat-sen University, Guangzhou, People’s
Republic of China

Background:Accumulative evidences have suggested
B cell-mediated alloimmune response and regulation
play important roles in renal allograft survival and trans-
plant tolerance. Monitoring dynamics of B cell subsets
could enhance understanding of B cell immunology in
clinical transplantation, and may facilitate optimization
of current immunosuppressive regimens.
Patients and Methods: Between June 2011 and June

2012, 16 de novo living-related kidney transplant recip-
ients were enrolled in this study. All patients were given
basiliximab (20 mg) at day 0 and day 4 as induction
therapy. The maintenance therapy included tacrolimus,
MMF and steroids. Peripheral blood samples were col-
lected, and phenotype of B cell subsets was examined at
day 0, day 1, day 3, day 7, day 14, mon 1, mon 3 and
mon 6.
Results: CD19+B cells in peripheral lymphocytes sig-

nificantly increased by 1.8~2.1 times within one month
after transplant, and recovered to baseline level at mon 3.
Meanwhile, CD3+T cells decreased by 20% at day 3,
maintained at baseline level by day 14, and then increased
by 20% at mon 1-mon 6. Notably in B cells,
CD5+CD19+B cells dramatically decreased by 50% (from
25% to 12%) within six months post transplant. In
CD5+CD19+B cells, CD27+ memory B cells decreased at
day 1 and day 3, and then increased by 23%-123% from
day 7 to mon 6. Memory B cells in lymphocytes increased
by 47%-194% within six months after transplantation.

After transplantation, the germinal center (GC)
founder cells (IgD+CD38high) and GC B cell subpopula-
tion (IgD-CD38high) consistently decreased by 60%-
70.3%. IgD-CD38- cells apparently decreased by 48.6%
at day 1-3, and then maintained at lower level below
baseline after slight increase. IgD+CD38- and IgD-

CD38+ B cells slightly decreased by 13.4%-37.4% at
day 3, increased at day 7, and then maintained at base-
line level from mon 1. Of note, IgD+CD38+ B cells sig-
nificantly increased by 27.8% at day1-3, dropped down
to baseline at day 7-14, and stepped up to a higher level
at mon 1-6.
Conclusions: B cells in peripheral blood significantly

increased at early stage, while CD5+CD19+B cells con-
sistently decreased after transplantation. Mature circu-
lating B cell subsets dynamically changed especially at
early stage after transplant, which might be attributed to
induction therapy.

P�39 � CD8+CD28� T CELLS PLAY A ROLE
IN MESENCHYMAL STEM CELLS�MEDIATED
IMMUNOREGULATION

Qiuli Liu1, Xiaoyong Chen1, Yanwen Peng1,
Longshan Liu2, Qifa Liu3, Andy Peng Xiang1,4,5

1Center for Stem Cell Biology and Tissue Engineering,
The Key Laboratory for Stem Cells and Tissue Engineering,
Ministry of Educa5on, Sun Yat-Sen University;
2Laboratory of General Surgery, the First Affiliated Hospital,
Sun Yat-sen University;
3Department of Hematology, Nanfang Hospital,
Southern Medical University;
4Department of Biochemistry, Zhongshan Medical School,
Department of Biochemistry, Zhongshan Medical School;
5Cell-gene Therapy Transla5onal Medicine Research Center,
The Third Affiliated Hospital, Sun Yat-sen University, Guangzhou,
People’s Republic of China

Background&Aims:Mesenchymal stem cells (BMM-
SCs) infusion yields therapeutic effect for a variety of au-
toimmune diseases, but the underlying mechanisms are
still poorly understood. Several groups have reported that
CD8+CD28- T cells induce transplantation tolerance and
displayed suppressive functions in liver, kidney and other
organ transplantations. Here, we investigated the effect of
MSCs on CD8+CD28- T cells in chronic graft-versus-host
disease (cGVHD) patients and healthy donors.
Methods:we observed the change of CD8+CD28- T cells

in cGVHD patients before and after MSCs infusion. In the
meantime, we investigated the frequency and regulatory
function of CD8+CD28− T cells in the presence of MSC.
Results:We found purified CD8+ T cells co-culture with

MSCs 3 days could increase the proportion of CD8+CD28-

T cells (from 12.79±3.67% to 20.85±4.84%, p<0.01). In
the cGVHD patients tested, the mean percentage of
CD8+CD28- T cells before and after MSCs infusion was
37.2% and 46.3%. MSCs enhanced the regulatory func-
tions of CD8+CD28- T cells through hampering naive
CD4+T cells proliferation, decreasing the early active
marker CD25,CD69 expressed on CD4+T cells, decreas-
ing the IFN-γ production of activated CD4+T cells, and in-
ducing activated CD4+T cells apoptosis. Mechanistically,
we revealed MSCs affect CD8+CD28- T cells function par-
tially through up-regulating FasL and IL-10 expression
level on them, but not PDL-1, Trail. Moreover, MSCs
have no obvious effects on the shift from CD8+CD28+ T
cells to CD8+CD28- T cell, but increased the frequency of
CD8+CD28- T cell-subsets might through secreting IL-6
to decrease CD8+CD28- T cells apoptosis.
Conclusions: In summary, this study show that MSCs

could affect the regulatory function of CD8+CD28-T
regulatory cells and will shed new light on the the MSCs-
mediated therapeutic mechanisms.
The National Basic Research Program of China

(2012CBA01302ï¼Œ2010CB945401 and 2009CB522104),
the National High Technology Research and Development
Program of China (2011AA020108), the National Natural
Science Foundation of China (30971675, 31171398)
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The Key Scientific and Technological Projects of
Guangdong Province (2007A032100003), and the Key
Scientific and Technological Program of Guangzhou
City (2008A1-E4011-5, 2010U1-E00551)

P�40 � CELL TRANSPLANTATION
MODULATES THE LIVER
MICROENVIRONMENT AND DELAYS
THE EMERGENCE OF HEPATOCELLULAR
CARCINOMA

Fabio Marongiu, Maria Paola Serra, Marcella Sini,
Fabrizio Angius, Ezio Laconi
Dept. of Biomedical Sciences, University of Cagliari,
Cagliari, Italy

Previous investigations have indicated that a growth-con-
strained tissue microenvironment is able to promote ex-
perimental liver carcinogenesis. In the present studies we
tested the hypothesis that normal hepatocyte transplan-
tation might modulate a neoplastic-prone tissue mi-
croenvironment and exert an effect on the emergence of
chemically-induced hepatocellular carcinoma (HCC).
Rats were exposed to a protocol for the induction of
HCC (a single dose of diethylnitrosamine coupled with
a single injection of retrorsine), followed by intraportal
transplantation of 8 million normal hepatocytes. The
control group was given the carcinogenic protocol and
no hepatocyte transplantation. At the end of 1 year, all
control animals displayed large hepatic nodules and 4/9
animals had histological evidence of HCC. However, rats
receiving the carcinogenic protocol followed by hepato-
cyte transplantation developed fewer nodular lesions and
no HCC. Further analysis indicated that transplanted he-
patocytes repopulated the host liver, as expected, and at-
tenuated the expression of markers related to cell
senescence. These findings indicate that normal cell
transplantation is able to modify a neoplastic-prone liver
microenvironment and to delay the emergence of HCC.

P�41 � ENHANCED FUNCTION AND
SURVIVAL OF PANCREATIC ISLETS BY THE
USE OF A GELATINE�BASED HYDROGEL

Simona Marzora71, Serena Bertoldi2,
Raffaella Melzi1, Rita Nano1, Silvia Farè2,
Lorenzo Piemon71

1Diabetes Research Ins5tute, San Raffaele Hospital;
2Biomaterials Laboratory Dept. of Chemistry, Materials and
Chemical Engineering “G. Na6a”, Politecnico, Milan, Italy

Background: The use of biomaterials to protect pan-
creatic islets and improve islet function has been in-
creasingly proposed and investigated. Among the

emerging materials, hydrogels, as three-dimensional
polymeric networks, can be designed as temporary struc-
tures with geometry and physical, chemical and me-
chanical properties adequate for the specific applications.
Aim: The aim of this study was to test in vitro a novel

cross-linked gelatin-based hydrogel to be used as “bioar-
tifical scaffold” for pancreatic islet transplantation.
Materials and Methods: The synthesis of cross-

linked gelatin hydrogels was performed by Michael-type
addition between the amino groups of the gelatin and the
acrylamide groups of the N, N’-methylene-
bisacrylamide (i.e. cross-linking agent), according to a
recently patented process (PCT/EP2012/060277).
Human and murine islets were seeded onto the hydro-
gels, freeze-dried or dehydrated. Islet morphology, cell
survival and insulin secretion were tested 48 hrs post
seeding by immunohystochemical analysis, MTT and
glucose challenge test.
Results: Immunohystochemical analysis demonstrated

that murine and human islets maintain, into the hydro-
gel, their native 3D architecture. Cell survival of human
islets was 100%, 98%±25%, 82%±5% in the free float-
ing standard culture, cultured onto dehydrated and
freeze-dried hydrogels, respectively. Cell survival of
murine islets in the same conditions was 100%,
124%±24% and 100%±45%. Insulin secretion index of
human islets was 2.7±0.3, 3.2±0.5, 2.9±0.02 in the free
floating standard culture, cultured onto dehydrated and
freeze-dried hydrogels, respectively. Insulin secretion
index of murine islets in the same conditions was
1.4±0.02, 1.3±0.06, 1.4±0.04.
Conclusions: The gelatin-based hydrogel maintained

the 3D islet architecture and did not affect islet survival
and function during short term culture. This preliminary
report is now leading to preclinical study in which the
gelatin-based hydrogel is under investigation as bioarti-
ficial scaffold in a murine islet transplantation model.

P�42 � EFFECTS OF GREEN TEA CATECHIN,
EPIGALLOCATECHIN�3�GALLATE  EGCG! ON
ISOLATED HUMAN HEPATOCYTES IN VITRO

Tara Z. De Graaf, Anil Dhawan, Robin D. Hughes,
Céline Filippi, Fabiane B. Klem, Sharon C. Lehec,
Ragai R. Mitry
Ins5tute of Liver Studies, King’s College London
School of Medicine, London, United Kingdom

Background: Agents which help maintain metabolic
function of isolated human hepatocytes are needed for
cell therapy. Green tea (Camellia sinensis) has potential
powerful anti-oxidant effects mostly due to the presence
of catechins. The main constituent epigallocatechin-3-
gallate (EGCG) has been shown to have inhibitory ef-
fects on cancer cells, including the human hepatoma cell
line HepG2 [Singh et al, Biochem. Pharmacol.
2011;82:1807-21]. However, there is limited data on the
effects of EGCG on normal cells including human hepa-
tocytes.
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Aim: The aim was to study the effects of EGCG on
primary human hepatocyte function and activity in vitro.
Materials and Methods: Human hepatocytes were

isolated from unused donor liver tissues (n=8) using col-
lagenase perfusion digestion [Mitry et al, Cell Trans-
plant. 2003; 12(1):69-74]. Collagen-coated culture plates
were seeded with cells (fresh or thawed) obtained after
Percoll® centrifugation. Plates were incubated overnight
in a humidified incubator at 37°C, 5% CO2, then the cul-
ture medium was replaced with fresh medium containing
EGCG at 6 concentrations ranging from 0-30 µg/ml.
Plates were incubated for a further 24h, and the hepato-
cyte cultures were assessed for cell attachment (SRB
assay), overall metabolic activity (MTT assay), synthetic
activity (albumin ELISA assay), and ammonia detoxifi-
cation function (urea colorimetric assay). Total RNA was
isolated from the hepatocytes using TRIzol®, followed
by reverse transcription into cDNA, and relative quan-
tification real-time PCR (rqRT-PCR) analysis using Taq-
Man® and Bak1, Bax, Bcl2, MCL1 and rRNA
(endogenous) probes. Data are presented as mean±SEM
and were analysed using Student t-test.
Results: There was a tendency for a decrease in all

measured parameters in the hepatocytes with increasing
concentrations of EGCG. However, EGCG at all con-
centrations did not have statistically significant effects on:
cell attachment [control (0µg/ml): 0.90±0.28 OD units vs
EGCG (30µg/ml): 0.70±0.17 OD units]; cell metabolic
activity [0.22±0.04 OD units vs 0.18±0.0.03 OD units];
albumin synthesis [3.66±0.16 µg/mg cell protein vs
1.96±0.63 µg/mg cell protein]; and urea synthesis
[112.19±44.33 ng/mg cell protein vs 79.26±26.48 ng/mg
cell protein]. rqRT-PCR analysis showed that EGCG had
no effect on expression of either pro-survival genes [fold
change: Bcl2, -0.36 to 0.35; MCL1, -0.01] and pro-apop-
tosis genes [Bak1, -0.46 to 0.18; and Bax, -0.49 to 0.04].
Conclusions: This study has shown that EGCG does

not have stimulatory effects on human hepatocytes in
vitro at the concentrations used, and this is not likely to
be useful for application in cell therapy.

P�43 � ISOLATION OF ADULT HEPATOCYTES
AND PROGENITOR CELLS FROM
EXPLANTED DISEASED HUMAN LIVERS
AND EVOLUTION AFTER COLD STORAGE

Mar7na T. Mogl, Elisa Belaschk, Ramla Mukiibi,
Susanne Rohn, Tim Schmidt, Peter Tang,
Peter Neuhaus, Igor M. Sauer
Department of General, Visceral and Transplanta5on Surgery,
Charité Universitätsmedizin-Berlin, Berlin, Germany

Background: Mostly, human hepatocytes are isolated
from liver-grafts not suitable for transplantation. We are
developping cell isolation from the patients own diseased
liver for retransplantation after allogeneic organ trans-
plantation. This should confer an immunological advan-
tage and achieve better outcomes with minimization of
immunosuppression.

Methods/Materials: To date, isolation of hepatocytes
from 14 explanted human livers from patients with differ-
ent conditions leading to end-stage liver-disease were per-
formed. Progenitor cell isolation was carried out with
density gradient centrifugation and magnetic cell separation
(MACS) verified by fluorescence activated cell sorting
(FACS). Hepatocytes were cultured directly and after cold
storage over night in different media (ChillProtec®, Chill-
Protec® plus, Williams’medium E) for further analysis.
Results:A mean of 138x106 viable hepatocytes with a

mean viability of 79.9% were isolated from explanted dis-
eased livers (app. 40g). Density gradient centrifugation
led to a mean number of 10.6x106 progenitor cells. FACS
analysis showed a mean proportion of 8.5% of EpCAM+
after density gradient centrifugation, while MACS dou-
ble-staining led to a mean proportion of 40.7% EpCAM+,
but extreme loss of cells (mean: 0.4x106). Preliminary re-
sults suggest that diseases like primary sclerosing cholan-
gitis or autoimmune hepatitis lead to a larger number of
hepatocytes than alcoholic liver disease, while the pro-
portion of progenitor cell populations seems to be great-
est in acute liver failure. Cold storage led to a significant
loss of viable cells with WilliamsE culture medium (-
24.5% after 24h, -39.6% after 48h) compared to the other
solutions. Cell culture revealed stable cell function after
initial cell loss for up to 7 days.
Conclusions: A high number of hepatocytes and pro-

genitor cells can be isolated from human livers with end-
stage disease with a very good mean viability of 79.9%.
With suitable solutions, cold storage of cells over night
is possible with stable cell function in culture for up to 7
days.
This work is supported by a grant from the DFG (Ger-

man Research Foundation)

P�44 � OPTIMAL CONDITIONS FOR
CREATING RAT PERIODONTAL
LIGAMENT�DERIVED MULTIPOTENT
MESENCHYMAL STROMAL CELL
 RPDL�MSC! SHEETS

Nana Mori, Kaoru Washio, Takanori Iwata,
Toshiyuki Yoshida, Tadao Fukushima, Ryuji Sakagami,
Masayuki Yamato, Teruo Okano
Fukuoka Dental College, Fukuoka city, Japan

Introduction: We have developed cell sheet engi-
neering using temperature-responsive culture dishes in
which intact cells and proteins are transplantable. Previ-
ous studies have demonstrated that periodontal ligament-
derived multipotent mesenchymal stromal cell
(PDL-MSC) is a promising cell source for periodontal
regeneration in animal models. In this study, we clarified
the appropriate culture conditions for rat PDL-MSC
sheets and transplanted into calvarial defects of rats to
chase the fate of transplanted cells in vivo.
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Materials andMethods: Periodontal tissues were ob-
tained from molars of 4-week-old CAG-EGFP trans-
genic rats and digested with collagenase and dispase.
Single suspension cells were seeded at a low cell den-
sity, and cells possessed colony forming ability (CFA)
were subcultured for further experiments. Osteogenic
and adipogenic potentials of rat PDL-MSCs were con-
firmed. Cells at passage 3 were seeded onto temperature-
responsive dishes. Various dosage of cell seeding density
and serum concentration was tested. Rat PDL-MSCs
were cultured with or without osteoinductive supple-
ments for 2 to 3 weeks, then, alkaline phosphatase (ALP)
activity and the expression of periostin, a specific marker
of PDL, were determined.
Results:Rat PDL-MSCs were successfully obtained by

collagenase/dispase and possessed CFA and multipotency.
The optimal culture condition to create rat PDL-MSC
sheets was 20% FBS and the initial seeding density of
20.000 cells per 35 mm temperature-responsive culture
dishs. The elevation of ALP activity and the gene expres-
sion of periostin was confirmed when cells were cultured
with osteoinductive supplements. Transplantation study
confirmed that rat PDL-MSCs enhanced bone formation.
Conclusions: PDL-MSC sheets derived from CAG-

EGFP transgenic rats were successfully fabricated and
transplanted into rats. The transplantation performed in
this study may be a model to trace transplanted cells.

P�45 � EFFECTS OF PIPETTING
ON HEPATOCYTE VIABILITY

Hiromichi Obara1,2, Sandi Sufiandi1,
Tatsuhide Sumida1, HuaiChe Hsu2, Naoto Matsuno2,
Shin Enosawa2, Hiroshi Mizunuma1

1Mechanical Eng., Tokyo Metropolitan University, Tokyo;
2Clinical Research Center, Na5onal Center for Child Health
and Development, Setagaya, Japan

Hepatocyte transplantation is one of the important med-
ical treatment initiated as a bridge treatment until or-
thotopic liver transplantation for newborn babies with
severe liver dysfunction emerged. An improvement of
the quantity and quality of hepatocytes is significantly
important to establish hepatocyte transplantation as a
medical treatment for severe liver failure. In particular,
improvement of hepatocyte viability, one of the impor-
tant factors to improve the quality of this treatment, can
contribute to the treatment outcome enhancement. High
hepatocyte viability can support the increasing rates of
engraftment and expanding time length of survival of
hepatocytes. A decrease in viability is expected during
the processing steps of separation, preservation, and in-
fusion. During these procedures, hepatocytes can be in-
fluenced by the flow effects in a catheter, syringe, or
pipettes. There are many studies on engraftment, preser-
vation, and isolation techniques, but there are few re-
ports on the flow effect on the viability of the

hepatocytes. And also, the effect of flow on the hepato-
cyte viability during passage through a narrow area dur-
ing the separation or infusion processes has not been
evaluated. In this study, we focused on the flow effect of
pipette transaction. It is important to investigate the ef-
fect of this flow on hepatocyte viability to understand
the mechanism of the lost viability during processing.
In this study, relationship between hepatocyte viability
and pipette transaction was investigated. In this experi-
ment, a conventional collagenase perfusion technique
was employed as an isolation technique for hepatocytes.
The hepatocytes were extracted from the livers of
Sprague–Dawley rats. The isolated hepatocyte disper-
sion was injected into conventional pipettes or mi-
crochannel with a tapered angle and has a narrow inlet
or outlet. Flow rate of the dispersion was maintained to
control the intensity of the stretch. The viability of the
hepatocytes was calculated by trypan blue assay. In our
experiments, the viability of hepatocytes decreased dur-
ing the pipette transaction compared with a low stretch-
ing flow effect generated using a dropping pipette with
a wide mouth. These results indicate damage inflicted
by the pipette transaction on the hepatocytes, and this
damage could result during the separation of hepatocyte
clusters.
This work was supported by special research support-

ing foundation of president of Tokyo metropolitan uni-
versity and supported by JSPS KAKENHI

P�46 � APPLICATION OF RECOMBINANT
COLLAGENASES ABIEL FOR FIBROBLAST
EXTRACTION FROM HUMAN DERMA

Mariangela Pampalone1, Monica Salamone2,
Barbara Antonioli3, Marta Cecilia Tosca3,
Marta Galuzzi3, Federico Bertuzzi2,3, Mario Marazzi3,
Giulio Ghersi1,2

1Dipar5mento di Scienze e Tecnologie Biologiche, Chimiche e
Farmaceu5che, Palermo;
2ABIEL s.r.l, Mazara del Vallo, Italy; 3Ospedale Cà Granda
Niguarda, Milano, Italy

Background: Collagenases are proteolytic enzymes
that are able to cleave peptide bonds in the triple helical
collagen molecule. Collagenase is produced by two sep-
arate and distinct genes in Clostridium histolyticum. The
colG gene codes for type I collagenase, the colH gene
codes for type II collagenase. Abiel use these gene se-
quences to produce collagenases through DNA recom-
binant technique. These collagenases are produced in
E.Coli and purified chromatographically. Abiel, through
the use of molecular biology techniques and in vitroand
in vivotests, is capable to produce recombinant collage-
nases type I or “G” and type II or “H” in pure fraction en-
suring, as opposed to commercial collagenases obtained
through extractive purification technique, more stability,
the complete control of the final composition of the prod-
ucts, high batch-to-batch reproducibility and the absence
of toxic compounds.

CELLR4 - Repair, Replacement, Regeneration & Reprogramming100



Objective: The aim of this studywasto test the ability
of collagenases Abiel to isolate fibroblasts from human
dermis, in order to verify if recombinant enzymes to be
better in extraction of primary cells in terms of: yield, di-
gestion time, vitality and proliferation; compared to com-
mercial extractive enzymes (Collagenase SigmaCod.
C9891). The human fibroblasts were obtained from skin
taken from a dead donor and kept in the Tissue Bank Ni-
guarda for processing and preparation of new tissue to
be transplanted in burn individuals. We have tested 8dif-
ferent donors, each experiment was conduced in parallel
with the standard method used at the Tissue Bank. Ac-
cording to the protocol, the fibroblasts from a skin on the
size of 1 cm x 1 cm, were obtained using an amount of
Collagenase Sigma 200 CDU/ml= 0.14PZ/ml = 0.35 mg
/ml in PBS, with a digestion time of 3h at 37 °C. We have
tested the recombinant collagenase under the same con-
ditions of Sigma collagenase both in terms of activity
and quantity in milligrams.
Discussion: Digestionsperformed using Abiel Colla-

genases to 0.14 Pzor 0.35 mg/ml resulted in a higher ex-
traction of fibroblasts, with a lower digestion time(2h,
p=0.006 and 1h 30’, p=0.004 respectively) compared to
Sigma ones (3h).

P�47 � TISSUE SPECIFIC SUICIDE GENE
DELIVERY USING A POLYMERIC CARRIER
FOR THE TREATMENT OF GLIOBLASTOMA

Jin Hyeong Park, Hyun Ah Kim, Minhyung Lee
Hanyang University, Seoul, Korea

Dexamethasone conjugated low molecular weight poly-
ethylenimine (PEI-Dexa) was synthesized and evaluated
as a gene carrier to brain cancer cell. Polyethylenimine
(PEI) is widely used as a gene carrier. PEI-Dexa was pre-
pared by one step reaction using the Traut’s reagent. Hy-
poxia and glioma dual specific suicide gene expression
plasmid (pEpo-NI2-SV-TK) was constructed. In this
plasmid, the expression of thymidine kinase (TK) was
regulated by hypoxia and glioma specific promoter. To
confirm the formation of the DNA/PEI-Dexa complex, a
gel retardation assay was performed. The complete re-
tardation of the DNA/PEI-Dexa complexes were ob-
served at and above weight ratio 1:0.5 (pDNA:carrier).
Stability of the DNA/PEI-Dexa complex was evaluated
by heparin competition assay. In heparin competition
assay, the DNA/PEI-Dexa complexes had higher stabil-
ity than the DNA/PEI25k complexes. The DNA protec-
tion ability of PEI-Dexa was evaluated by serum stability
assay. The results showed that DNA was protected by
PEI-Dexa for more than 60 min. In vitro transfection
assay showed that PEI-Dexa had higher transfection ef-
ficiency than lipofectamine and the efficiency of PEI-
Dexa was comparable to PEI. Due to the
pharmacological effect of dexamethasone of PEI-Dexa
induced cell death and inhibited proliferation of brain
cancer cells more efficiently than lipofectamine and
PEI25k. However, in normal cells, PEI-Dexa had lower

toxicity than lipofectamine and PEI25k. The anti-tumor
effect of PEI-Dexa/pEpo-NI2-SV-TK complexes was
also measured in intracranial glioblastoma rat model. At
a week after the implantation of tumor cells, the car-
rier/pEpo-NI2-SV-TK complexes were injected at the
same position of tumor cell implantation. As a result, the
PEI-Dexa/pEmpty group showed smaller tumor size than
the dexamethasone injection group. Furthermore, the
PEI-Dexa/pEpo-NI2-SV-TK reduced tumor size further,
due to therapeutic effects of the TK gene. TUNEL assay
shows that PEI-Dexa/pEpo-NI2-SV-TK group induced
more cell death in tumor site than PEI-Dexa/pEmpty
complex or dexamethasone only group. Therefore, the
results suggest that PEI-Dexa may be useful for glioblas-
toma gene therapy as a dexamethasone carrier as well as
a DNA carrier
World Class University program (WCU,

R332010000100360)
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P�48 � COMPARISON OF PANCREATIC
ISLET PROTEIN PROFILES BY MASS
SPECTROMETRY�BASED ANALYSIS

Selen Peker1, Duygu Ozel Demiralp1,
Sercan Mercan2, Ferda Alpaslan Pinarli2,
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1Department of Proteomics, Ankara University
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Replacement of pancreas islet cells plays promising
role in the treatment of type 1 diabetes mellitus. Umbili-
cal cord serum (UCS) has positive effects on insulin pro-
duction, islets revascularization and recovery of host
islets functions. The best way to see the UCS application
results on physiology of islets and understanding the mo-
lecular mechanisms is to use proteomic strategies, which
considered being the important technology in the global
analysis of protein expression. Four groups of islets has
been used for this study; control islets (without CBS), 50,
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100 and 150 ul serum added islets. The isolation and pu-
rification of rat pancreatic islets were performed by hand-
picking and incubated with and without UCS for 48
hours. 900 pancreatic islets of each group were lysed with
lysis buffer. After centrifugation, the supernatant was de-
canted and protein concentration of the supernatants was
determined by the Bradford method [1] as triplicates
using BSA as a standard. We have applied proteomic pro-
filing by using two-dimensional gel electrophoresis (2-
DE). 75 µg of protein was loaded on each 7-cm linear,
pH 3-10 IPG strips (Immobilize pH Gradient) for the first
dimension (Isoelectric focusing=IEF). For the second di-
mension, IPG strips were loaded on SDS-PAGE to have
protein profile map for four sample group (Figure 1). Gels
were than analyzed and differences were compared by
using PDQuest program. The protein profile maps, 3D
demonstration and density bar graphs of each group was
shown in Figure 2 for 13 differentially expressed spots.
Spots were excised from the 2D gels. After in-gel diges-
tion of the protein spots by trypsin, matrix-assisted laser
desorption ionization time of flight mass spectrometry

(MALDI TOF-MS) was performed with peptides by
using CHCA (α-Cyano-4-hydroxycinnamic acid)matrix.
Spectras were recorded by MALDI-TOF mass spectrom-
eter (Micromass, Waters, UK) operated in positive ion re-
flectron mode for the mass range 500–3000 Da. A pulsed
nitrogen gas laser (337 nm) manually hitting the target
spots at several positions was used with the 15 kV of ac-
celerating voltage. 8 proteins from 13 spots were identi-
fied with peptide mass fingerprint (PMF) so far, such as
78 kDa glucose-regulated protein, Actin cytoplasmic 1,
Actin, cytoplasmic 2, UPF0160 protein MYG1, Cyto-
hesin-1, Katanin p60 ATPase-containing subunit A-like
1, Fibrinogen beta chain, Caspase-12 and Synaptosomal-
associated protein 47.
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P�49 � THE IMMUNOMODULATORY
FACTORS DERIVED FROM AMNIOTIC
MESENCHYMAL CELLS ARE ABLE TO
MODULATE T HELPER AND T REGULATORY
CELLS

Stefano Pianta, Daniele Rossi, Ornella Parolini
Centro di Ricerca E. Menni, Fondazione Poliambulanza,
Is5tuto Ospedaliero, Brescia, Italy

In recent years, mesenchymal stromal cells (MSC) ob-
tained from different sources have generated great interest
for their potential application in regenerative medicine, due
to their stem cell potential and immunological features. De-
spite many studies having provided evidence in support of
the immunoregulatory effects of MSC, the exact mecha-
nisms underlying these effects remain to be fully eluci-
dated. We have previously demonstrated that cells derived
from the mesenchymal layer of the amniotic membrane
(hAMTC), when present both in contact and transwell set-
tings, and also conditioned medium derived from culture of
these cells, can all inhibit T cell proliferation.

The aim of this study was to evaluate the effects of sol-
uble factors derived from amniotic mesenchymal tissue
cells on different subsets of T cells.

Conditioned medium derived from amniotic mes-
enchymal cells (CM-hAMTC) was obtained by cultur-
ing these cells for 5 days in the absence of any activatory
stimuli in serum-free conditions. The experiments were
carried out using different activation conditions, namely,
T cell receptor (TCR) engagement (T cells stimulated
with anti-CD3/CD28) and Mixed Lymphocyte Reactions
(MLRs).

We demonstrated that conditioned medium derived
from amniotic mesenchymal cells reduces the prolifera-
tion of both CD4+ and CD8+ lymphocyte subsets. More-
over, our data suggest that CM-hAMTC was able to
downregulate both Th1 and Th2 subsets. Interestingly,
we showed that CM-hAMTC upregulate the Treg cell
population.

Together, these data confirm that soluble factors de-
rived from amniotic membrane cells exert a T cell anti-
proliferative effect and act specifically on the Treg
subsets.
This study has been supported by Fondazione Cariplo,

grant n. 2011-0495
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Background: The bone marrow (BM) is potentially
an ideal alternative site for pancreatic islet transplanta-
tion, because it offers a protected and extravascular – al-
though well-vascularised – microenvironment.
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Methods: Four patients who developed diabetes after
total pancreatectomy were candidate to autologous pan-
creatic islet transplantation. Since they had contraindi-
cations for intraportal infusion, islets were infused in the
BM of the iliac crest. A needle for BM aspiration (14 G)
was inserted into the superior-posterior iliac crest and the
islet suspension (1:2.5; tissue: Ringer’s Lactate solution)
was infused (median volume 8 ml; min-max: 2.5-20 ml).
The entire intra BM injection procedure lasted 8-15 min,
with no complications recorded.
Results: In all recipients islets engrafted successfully,

as shown by measurable post-transplantation circulating
C-peptide and by the histopathological evidence of in-
sulin producing cells and/or molecular markers of en-
docrine tissue on BM biopsies performed during
follow-up. Islet function was sustained up to the maxi-
mum follow-up of 944 days.
Conclusion: This is the first unequivocal example of

successful engraftment of non-hematopoietic tissue in
the BM.

P�51 � ELECTROPORATION AS METHOD
TO INDUCE MYOFIBER REGENERATION
AND INCREASE THE ENGRAFTMENT OF
MYOGENIC CELLS IN SKELETAL MUSCLES
OF PRIMATES

Daniel Skuk, Marlyne Goulet, Jacques, P. Tremblay
Neurosciences Division – Human Gene5cs, CHUQ Research Cen-
ter, Quebec, QC, Canada

Background: In the tiny muscles of mice, best en-
graftments of intramuscularly (IM) transplanted myo-
genic cells are obtained after induction of massive
myofiber damage triggering profuse myofiber regenera-
tion to recruit the grafted cells. This involves essentially
cryodamage or myotoxin injection with high doses of
ionizing radiation. There are no effective methods to pro-
duce a similar process in the muscles of large mammals
such as primates. In this study, we tested the use of in-
tramuscular electroporation for this purpose.
Methods:Tests were performed in skeletal muscle sites

of 1 cm3 of cynomolgus monkeys. Each site was treated by
3 penetrations of a 2-needles electrode (1 cm spacing), ap-
plying in each penetration 3 pulses of 5 ms and 400 V/cm
with a delay of 200 ms. In some monkeys, transplantation
of ß-galactosidase (ß-Gal)-labeled myoblasts was done in
electroporated and non-electroporated sites by: (a) matri-
ces of parallel equidistant injections, or (b) simple radial
infiltration from only 1-2 needle penetrations in the skin.
For transplantation, monkeys were immunosuppressed
with tacrolimus. The muscle regions were biopsied at dif-
ferent times post-treatment according to the analysis. Sam-
ples were frozen in liquid nitrogen and sections were made
in a cryostat to be analyzed by histology.

Results: These parameters of electroporation produced
massive myofiber necrosis that was followed by com-
plete muscle regeneration. Myoblast engraftment was
substantially increased in electroporated sites compared
with non-electroporated sites in both patterns of cell in-
jection (p<0.01 in a paired Student’s t-test). Using ma-
trices of parallel equidistant injections, the engraftment
showed the typical pattern of parallel stripes of ß-Gal+
myofibers matching with the cell injections and the ß-
Gal+ area in the grafted region was between 5 % and 11
% (µ = 7.7 % ±2.4 %). The engraftment was diffuse in
electroporated sites, and the ß-Gal+ area was between
8.6 % and 38 % (µ = 24.5 % ±12.3 %). Using simple ra-
dial infiltration, the injection of the cell suspension was
simpler and faster than using matrices of injection. The
ß-Gal+ area was between 0.3 and 7.3 mm2 (µ = 2.4 mm2

±2.8 mm2) in non-electroporated regions and between
8.4 and 18.3 mm2 (µ = 13 mm2 ±4 mm2) in electropo-
rated regions.
Conclusions: Electroporation may be a useful tool to

study muscle regeneration in primates and other large
mammals, as well as a technique for increasing the en-
graftment of myogenic cells.
This work was supported by a grant of the Jesse’s Jour-

ney Foundation for Gene and Cell Therapy of Canada.

P�52 � INTRAMUSCULAR
TRANSPLANTATION OF MYOGENIC CELLS
IN PRIMATES: IMPORTANCE OF NEEDLE
SIZE, CELL NUMBER AND INJECTION
VOLUME

Daniel Skuk, Marlyne Goulet, Jacques P. Tremblay
Neurosciences Division – Human Gene5cs,
CHUQ Research Center, Quebec, QC, Canada

Our studies in nonhuman primates and recent clinical tri-
als showed that the allotransplantation of muscle pre-
cursor cells needs two conditions: an adequate protocol
of cell delivery and an appropriate control of acute re-
jection. We wanted to progress in defining the technical
parameters that may be useful for intramuscular cell
transplantation in humans through the use of nonhuman
primates for allotransplantation of myoblasts. Myoblasts
transduced with the gene coding for ß-galactosidase were
injected into the skeletal muscles of 15 cynomolgus
monkeys. The following parameters were studied: needle
size (27G, 22G and 18G), volume of cell suspension per
injection trajectory of about 1 cm (1, 5 or 25 µl) and
number of cells per injection trajectory of about 1 cm
(102, 103, 104, 105 and 106 cells). Monkeys were im-
munosuppressed with tacrolimus. The cell-injected sites
were biopsied 1 or 2 months after transplantation. Biop-
sies were examined histologically to assess the myoblast
engraftment and the muscle structure. Our conclusions
were: (1) needles should be thin enough to avoid impor-
tant tissue damage and allow muscle regeneration as sat-
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isfactory as possible. Among those tested, 27G should
be the choice if the length is consistent with depth of in-
jection. 18G needles produced better engraftment than
22G and 27G needles for a same inter-injection distance,
but caused fibrosis. (2) At least 100,000 cells should be
delivered per cm of injection trajectory. (3) The smallest
volumes of cell suspension per injection should be pre-
ferred. In this study, 1 µl per cm of injection trajectory
was sufficient, which reduced the amount of fluid in-
jected and the leakage of the cell suspension. In princi-
ple, these parameters apply to muscles in which no
damage occurred other than the injections.
This work was supported by a grant of the Jesses’s

Journey Foundation for Gene and Cell Therapy of
Canada.

P�53 � APPLICATION OF COLLAGEN
COATED SILICONE SCAFFOLDS FOR THE
THREE�DIMENSIONAL CELL CULTURE OF
PRIMARY RAT HEPATOCYTES

Peggy Stock1, Antje Thonig2, Gunther Bö8cher3,
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Primary hepatocytes present an appropriate validation
system for pharmacological and toxicological studies of
agents and compounds in chemical-, pharmaceutical-
und cosmetics industries for the evaluation of the poten-
tial risk of novel drugs or novel components. Until today,
three dimensional culture systems, where the differenti-
ation of the hepatocytes is preserved in vitro to estimate
the pharmacological effect of agents without systemic
impact, are missing.

Aim of the study was to analyse the functionality and
growth parameters of 3D collagen coated silicone scaf-
folds for the culture of primary rat hepatocytes versus
the classical 2D cell culture.

Primary rat hepatocytes were cultivated serum free for
72 h on multilayer lattice structure (A= 23.7 cm²). The
development of cell counts, the kind of growth on sili-
cone and the urea production rate versus the 2D culture
(A= 8.9 cm²) on collagen were determined every 24 h.

Based on identical initial cell count the growth rate was
about 42%± 5% higher in 3D culture compared to the
standard culture. Under serum free conditions the hepa-
tocytes attached to the 3D scaffold, formed cell clusters
and organ-like structures. The 3D-culture on the silicone
scaffolds displayed no significant different amounts of
cytotoxicity after 72h: the percentage of death cells in
cultures were 7% ± 3% vs. 9% ± 3%. The urea produc-
tion rate [µg/10.000 cells] was significant higher in the
3D culture compared to the 2D culture: 24h) 9.1 ± 2.7
vs. 4.7 ±0.2; 48h) 5.7 ± 1.5 vs. 3.7 ±0.05; 72h) 3.5 ±0.5
vs. 2.1 ±0.1.

The results show the appropriateness of collagen
coated silicone scaffolds for the 3D-culture of primary
rat hepatocytes. The scaffolds support the potential of
hepatocytes to growth as organ-like structures. Thus, the
collagen coated silicone scaffolds demonstrate an im-
portant tool fort he development of three-dimensional
hepatocyte cultures sustaining the physiological func-
tions.

P�54 � EFFECT OF SHEAR STRESS ON
SURVIVAL OF ISOLATED HEPATOCYTES
FOR CELL TRANSPLANTATION

Sandi Sufiandi1, Hiromichi Obara1,
Tatsuhide Sumida1, Huai-Che Hsu2, Naoto Matsuno2,
Shin Enosawa2, Hiroshi Mizunuma1

1Department of Mechanical Engineering, Graduate School
of Science and Engineering, Tokyo Metropolitan University,
Hachioji;
2Clinical Research Center, Na5onal Center for Child Health and
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Shear stress in a catheter during hepatocyte infusion is
an important factor to be considered during hepatocyte
transplantation because of their biological and physical
fragility. Investigations on the effect of shear stress on
hepatocytes is important to improve the rate of hepato-
cyte viability and to establish a routine clinical treatment.
The relationship between shear stress and cell viability is
still unclear, but there are some empirical clinical re-
search studies on the subject. In this study, the relation-
ship between hepatocyte viability and shear stress was
investigated using several types of micro channels with
different lengths or heights. Experiments were conducted
using a glass micro channel of rectangular cross section.
The micro channel with dimensions in height, width, and
length of 0.2 × 2 × 50 mm (A), 0.2 × 2 × 100 mm (B), 0.1
× 2 × 50 mm (C), respectively, were employed. A syringe
pump supplied a solution of rat hepatocytes into the
micro channel with a controlled flow rate. Flow rate
ranged from 0.1 to 1 ml/min and 0.02 to 0.22 ml/min for
micro channels with heights 0.2 mm and 0.1 mm, re-
spectively. Isolated hepatocytes were suspended in an ap-
propriate medium. Hepatocyte isolation was performed
according to the collagenase perfusion method described
by Seglen1. Hepatocyte viability was observed by a try-
pan blue test. Viability and total number of hepatocytes
were counted before and after the experiment using a he-
mocytometer. Viability was calculated as a ratio of the
total number of viable cells to the total number of cells
counted. As a result, a relationship between shear stress
and viability in the micro channel was investigated. Fig-
ure 1 shows a comparison between hepatocyte viability
before and after passage through the micro channel. In
this experimental condition, a decline in hepatocyte via-
bility was observed after passage through the micro

CELLR4 - Repair, Replacement, Regeneration & Reprogramming 105



channel. This result suggests that hepatocyte viability de-
creases after passage through the micro channel, which
has a high shear stress region near the walls. Future re-
search is important to ascertain a clear relationship be-
tween shear stress and viability of cell flow in micro
channels, catheters, and needles particularly used for cell
delivery during transplantation.
This work was supported by special research support-

ing foundation of president of Tokyo metropolitan uni-
versity and supported by JSPS KAKENHI
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Poorly-controlled diabetes induces structural changes
leading to muscle weakness, muscle hypotrophy and mus-
cle fibers changes. Skeletal muscle differentiation is a
process in which proliferative myoblasts break free from
the cell cycleand fuse to form multinucleated myotubes.
These events are orchestrated by early myogenic regula-
tor factors (MyoD, Myf-5, myogenin and Myf-6) and late
myogenic protein MyHC (myosin heavy chain), through
p38 MAP kinase/ERK pathway modulation. Metformin
(Met) is a first-line anti diabetic therapy. Our previous data
suggested that Met induces ERK pathway activation and
MyHC synthesis in vitromuscle model (C2C12).

Aim of this work is to confirm in vitro and to study in
vivo in the rodent model the action of Met during myo-
genesis. In particular we studied muscle proteosynthesis
and morphologic characteristics in the late phase of mus-
cle differentiation. Cells were incubated after 72h of dif-
ferentiation, with 400 µM Met for 4, 8 and 24 hours. We
used a positive control with 0.1 nM insulin added to
medium and a negative control in which Met and insulin
were not added.

MRFs protein contents, evaluated by Western Blot and
Immunofluorescence studies, were higher in cells treated
with Met. Furthermore, Met treatmentis able to increase
cell mass and fusion competence indicating that Met may
regulate myogenesis and fibers hypertrophy.

To test those results in vivo, we investigated the action
of Met on exercise performance in adult C57BL6 mice.
Mice were injected intra abdominally with Met (250
mg/kg) and the control mice with 0.9% saline for 30
days.An endurance performance treadmill running test
made at the beginning and at the end of this study re-
vealed that Met treated mice exhibit an enhanced per-
formance respect to the control mice (VO2max
ml/kg0.75per min: Met 14.41 ± 1.5 respect to control 12.6
± 2.8).

Ourfindings show a novel therapeutic indication of
metformin for musclehypotrophyin chronic wasting dis-
eases.

P�56 � LIVER ORGANOGENESIS FROM
HEPATOCYTES IN VIVO

Rie Utoh1, Kazuo Ohashi1, Kohei Tatsumi1,
Shinji Hirohashi2, Masahiro Tsutsumi3,
Toshihiro Amanuma4, Akira Yoshioka5,
Yoshiyuki Nakajima6, Kenjiro Wake7, Teruo Okano1

1Ins5tute of Advanced Biomedical Engineering and Science,
Tokyo Women’s Medical University, Tokyo, Japan;
2Department of Radiology, Nara Medical University;
6Department of Surgery, Nara Medical University;
3Department of Pathology, Saiseikai Chuwa Hospital;
5Nara Medical University, Nara, Japan;
4Nihon Nohyaku Co. Ltd, Osaka, Japan;
7Minophagen Pharmaceu5cal Co. Ltd., Tokyo, Japan

Introduction: Liver organ engineering is an ultimate
goal in the field of liver regenerative medicine. However,
the generation of whole liver system has not been fully
achieved in vivo. In previous studies, we have demon-
strated that the engrafted hepatocytes at ectopic sites re-
tained their growth potential and proliferated in response
to the regenerative stimulus derived from partial hepate-
ctomy (PHx). Here we show that hepatocytes continu-
ously proliferate, recruit liver-specific non-parenchymal
cells, and finally form an organ-sized large neo-liver
under the kidney capsule of mice when recipient mice
suffered from chronic liver injury.
Materials and Methods: Donor hepatocytes were

isolated from adult mice (8-20 weeks old). Recipient
mice, syngeneic to the donor strain, were treated twice
with monocrotaline (MCT) at interval of 2 weeks. Two
weeks after the last injection of MCT, 1 × 106 isolated
hepatocytes were transplanted under the capsule spaces
of left kidney. One week later of transplantation, recip-
ient mice were subjected to two-thirds partial hepatec-
tomy (PHx). In some mice, hepatocytes of wild type
mice were transplanted into GFP-Tg mice to determine
the origin of non-parechymal cells within the engineered
liver tissues.
Results: The engineered liver tissue volume remained

at stable levels in no-injured control group. In contrast,
the engineered liver tissue volume showed progressive
and continuous elevation in MCT/PHx group. Although
the engineered liver tissues initially consisted of purified
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hepatocytes alone, numerous liver-specific non-
parenchymal cells (stellate cells, sinusoidal endothelial
cells, Kupffer cells) emerged in the neo-livers around
days 30-60. Detailed investigation revealed that the non-
parenchymal cells were recipient origin. In addition, the
neo-livers were observed to have liver cord-like struc-
tural arrangements in which single layered hepatocytes
were surrounded by endothelial cells, which were closely
resemble the architectures found in native livers. We then
conducted long-term observation for over a year period
and found that the engineered liver tissues were signifi-
cantly enlarged with tissue volume larger than the chron-
ically injured native liver. The total mass of the injured
liver and the neo-liver was almost same as that of the
normal mouse liver at a same age, indicating that neo-
liver tissue enlarged to compensate for the injured native
liver. The large neo-liver contained CK19- and Sox9-
positive bile duct-like cells.
Conclusions: The present study demonstrated that

liver organogenesis could be achieved by creating small
liver tissues initially made only of hepatocytes, followed
by hepatocyte proliferation and non-parenchymal cell re-
cruitment. This approach allowed us to create the organ-
sized neo-liver which was larger than the injured native
liver in vivo.

P�57 � INDUCTION OF FUNCTIONAL
HEPATOCYTES FROM FIBROBLASTS
BY DEFINED FACTORS

Pengyu Huang1, Ludi Zhang1, Zhiying He2, Shuyi Ji1,
Huawang Sun1, Dao Xiang2, Changchen Liu2,
Yiping Hu2, Xin Wang3, Lijian Hui1

1Ins5tute of Biochemistry and Cell Biology, Shanghai Ins5tutes
for Biological Sciences, Chinese Academy for Sciences;
2Department of Cell Biology, Second Military Medical University,
Shanghai, People’s Republic of China;
3Department of Laboratory Medicine and Pathology, Stem Cell
Ins5tute, University of Minnesota, Minnesota, MN, United States

Differentiated cells are epigenetically plastic as they can
be reprogrammed into pluripotent stem cells by nuclear
transfer or transcription factor overexpression. Recent
studies have revealed that overexpression of lineage-spe-
cific transcription factors converts differentiated cells into
other lineages without reversion to the stem cell state.
Here, we induce mouse mesenchymal fibroblasts directly
into functional hepatic (iHep) cells by transduction of
three hepatic transcription factors, and inactivation of
p19Arf. iHep cells show typical epithelial morphology,
express hepatic genes and acquire hepatocyte functions.
Importantly, using fumarylacetoacetate hydrolase-defi-
cient mice as a liver injury model, transplanted iHep cells
repopulate the liver and rescue the recipients from death
by restoring liver functions. Our study thus provides a
novel strategy to generate functional hepatocytes for liver
engineering and regenerative medicine to treat liver dis-
eases. Recently we are focusing on the generation of
human iHep cells.

P�62 � RENAL TRANSPLANTATION IN
DIABETIC NEPHROPATHY USING
PRE�TRANSPLANT STEM CELL
ADMINISTRATION:
SINGLE CENTRE EXPERIENCE

Pankaj Shah1, SB Goyal2, AV Vanikar2, VB Kute1,
RD Patel2, KV Kanodia2, KS Suthar2, SD Dave2,
MR Manoj1, HV Patel1, HL Trivedi1

1Nephrology, Ikdrcits, Ahmedabad, India;
2Department of Pathology, Laboratory Medicine, Transfusion
Services and Immunohematology, IKDRCITS, Ahmedabad, India

Introduction: End-stage renal disease (ESRD) due to
diabetic nephropathy (DN) forms a large pool of renal
transplantation (RT) patients. We evaluated the role of
stem cell therapy (SCT) in outcome of RT in DN-ESRD
patients.
Materials andMethods: This was an open labeled In-

stitutional Review Board approved 2-armed clinical trial
conducted between 2002 and 2012. Group-1 included
patients receiving SCT group-2 included patients who
opted for RT without SCT. Patients with cardiac co-mor-
bid conditions and infections with hepatitis C/B/ HIV
were excluded from study. Both groups were compared
for survival, graft function in terms of serum creatinine
(SCr), rejection episodes and infections.

Group-1 received pretransplant infusion of donor-de-
rived hematopoietic and adipose-tissue derived mes-
enchymal stem cells (AD-MSC) under non-myeloablative
conditioning of total lymphoid irradiation, anti-T and anti-
B cell antibodies, and cyclophosphamide.

Group-2 did not receive any conditioning/SCT. Both
groups were transplanted after favorable immune response
under immunosuppression of Tacrolimus (0.06 mg/kg/day,
or cyclosporine 2-3 mg/kg/day) and prednisone (5-10
mg/day). Group-2 received mycofenolate sodium, 360 mg
twice a day in addition. Demographics of both groups in-
cluding donor-recipient HLA matching were comparable.
Results: Group-1 had 48 patients (46 males) with

mean age, 47.5 years and group-2 had 27patients (25
males) with mean age, 49.7 years. Mean donor age was
40.2 years in group-1 and 47.2 years in group-2 with
31.2% male donors in the former and 48.1% in the later.
Mean patient survival at 1, 5 and 9 years in group-1 was
89.5%, 78.3% and 78.3% respectively vs. 66.2%, 48.1%
and 48.1% respectively in controls (p<0.005). Death-
censored graft survival for the same time intervals was
93.4%, 84.9% and 81.1% respectively in group-1 vs.
95.2% for 1, 5 and 9 years respectively in group-2. Mean
SCr (mg/dL) at 1, 5 and 9 years were 1.37, 1.7 and 1.27
in group-1 vs. 1.56, 1.5 at 1 and 5 years in group-2.

Acute Rejections (AR) were noted in 19.1% (n=9) in
group-1(grade ≤ag1 at1 av1 ai2) and in 29.6% (n=8) in
group-2 out of which 3 had grade ≤ag1 at1 av1 ai2 injury
and 5 had more severe injury of grade ≥ ag1 at1 av1 ai2.
Chronic rejections (CR) (grade ≤cg1 ct1 cv1 ci1) were noted
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in 8.5% (n=4) in group-1 while in group-2, CR were noted
in 7.4% (n=2) (grade ≥ cg1 ct1 cv1 ci1). We lost 22.9%
(n=11) group-1 patients mainly in 1st year and then in next 2
years, due to HCV (n=4), HBsAg (n=1), bacterial pneumo-
nia (n=2), tuberculosis (n=1), coronary artery disease (CAD)
(n=2) and cerebrovascular accident (CVA)(n=1). In group-
2 we lost 44.4% (n=12) patients due to HCV (n=2), bacter-
ial pneumonia (n=2), tuberculosis (n=1), fungal infections
(n=4), CMV infections (n=1), CAD (n=1) and CVA (n=1).
Conclusions: SCT appears to be a safe and viable ther-

apeutic option with RT for patients suffering from ESRD
due to DN as compared to standard transplantation using
triple immunosuppression since it leads to improved sur-
vival, graft function and has less morbidity.

P�63 � CLINICAL ISLET AUTO�TRANSPLANT
OUTCOME IS HIGHLY CORRELATED WITH
VIABLE ISLET DOSE AS MEASURED
BY OXYGEN CONSUMPTION RATE

Klearchos K Papas1,2, Melena D Bellin2,
David ER Sutherland2, Jennifer P Kitzmann1,2,
Efstathios S Avgous7niatos2, Angelika C Gruessner1,
Kate R Mueller1,2, A N Balamurugan2,
Phillip R Rozak2, Gopal Loganathan2,
Thomas M Suszynski2, Josh J Wilhelm2, Dajun Qian3,
Joyce C Niland3, Bernhard J Hering2

1Department of Surgery, University of Arizona, Tucson, AZ;
2Schulze Diabetes Ins5tute, Department of Surgery, University
of Minnesota, Minneapolis, MN;
3Informa5on Science, City of Hope, Duarte, CA, United States

Islet auto-transplant (IAT) is an attractive option for pa-
tients with chronic pancreatitis undergoing total pancrea-
tectomy. Having a reliable idea of the expected clinical
transplant outcome (CTO) based on islet product charac-
teristics can provide critical guidance for patient manage-
ment post-transplant. However, such methods are currently
unavailable. There is a need for real-time in vitro islet char-
acterization methods that can predict CTO. In this paper

we evaluate various islet characterization methods for IAT,
which is an attractive model for assessing the relationship
between characterization assays and CTO as it does not
suffer from the presence of confounding factors, such as
auto-, allo-, and xeno-immunity or immunosuppressive
drug toxicity. Islet autograft products (n=35) with a purity
range of 10% to 95% were assessed by the following meth-
ods: islet cell membrane integrity stain (FDA/PI), islet
equivalent (IE) dose (IE/kg BW), oxygen consumption rate
normalized to DNAcontent (OCR/DNA), OCR/DNAnor-
malized to islet index (IE/number of islets)1, and viable islet
dose (OCRtx/kg BW; as measured by OCR/DNA multi-
plied by IEtx/kg BW). IAT recipients with fasting blood
glucose (BG) <126 mg/dL, 2-hour postprandial BG <180
mg/dL, and HbA1c ≤6.5% without administration of ex-
ogenous insulin were considered insulin independent (II).
Relationships with outcomes were examined using receiver
operating characteristic (ROC) analysis and the AUC was
determined. Previously published data from the University
of Minnesota2 has shown that IE/kg BW has a correlation
with, but is not highly predictive of CTO [n=59; area under
the receiver operating characteristic (ROC) curve (AUC):
0.817; (Figure 1a). In the present transplant series exam-
ined both IEtx/kg BW and OCRtx/kg BW were highly pre-
dictive of CTO (AUC: 0.944 and 0.964 respectively).
However, the range of unpredictability for IEtx/kg BW was
greater (Figure 1 b, c). OCRtx/kg BW also helped correctly
classify CTO when IEtx/kg BW was high but II was not
achieved or IEtx/kg BW was low and II was achieved (Fig-
ure 1d). FDA/PI, OCR/DNA, and OCR/DNA/islet index
were not predictive of CTO (AUC: 0.492, 0.580, and
0.724). The data presented suggests that OCRtx/kg BW
may be useful for the prospective evaluation of the quality
of islet preparations prior to clinical transplantation.

Reference

1. Pepper AR, Hasilo CP, Melling CW, et al. The islet size to oxy-
gen consumption ratio reliably predicts reversal of diabetes
posttransplant. Cell Transplant 2012; 21(12):2797-804.

2. Anazawa T, Balamurugan AN, Bellin M, et al. Human islet iso-
lation for autologous transplantation: comparison of yield and
function using SERVA/Nordmark versus Roche enzymes. Am
J Transplant 2009; 9(10):2383-91.
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P�64 � ITALIAN AIL RESEARCH PROJECT
ABOUT CLINICAL SIGNIFICANCE
OF ENDOTHELIAL PRECURSOR CELLS
IN DIABETIC PATIENTS

Maria Sambataro, Elena Seganfreddo, Fabio Canal,
Anna Furlan, Laura Del Pup, Monia Niero,
Filippo Gherlinzoni, Angelo Paolo Dei Tos,
Agos7no Paccagnella
Ca’ Foncello Hospital, Treviso, Italy

Diabetes is a major challenge in the scientific world,
with the ability to become one of the most significant
comorbidity in clinical scenarios of the future. The real
critical point of diabete are the complications: retinopa-
thy, nephropathy, cardiovascular disease, neuropathy
and diabetic foot ulcers. The changes in the structure
of blood vessels and nerves can cause ulceration and
problems in the lower limbs, especially the foot, in
some cases it may be necessary amputation of limbs. It
is well known in the literature that the vascular com-
plications of diabetes are related to a reduction of cir-
culating precursor cells (CPC) and endothelial
progenitor cells (EPC). These cells are a subset of pe-
ripheral blood mononuclear cells capable of differenti-
ating into mature endothelial cells to maintain
homeostasis and promote neoangiogenesis. EPC share
markers of hemangioblastic (CD34 and CD133) and
endothelial (KDR, CD31) lineage. A novel aspect of di-
abetic neuropathy is its involvement on bone marrow
function in terms of EPC impaired release, the so call
bone marrow “mobilopathy”; according to this hypoth-
esis, several neuronal nociceptors, as CGRP, are re-
cently demonstrated to be involved in human
cardiovascular biology and arterial vasodilation.

In this study we evaluate CD34, CD133, CD45 circu-
lating precursor cells in type 2 diabetes mellitus (T2DM)
with foot lesions without or with critical limb ischemia
(CLI) and the relationships between circulating nocicep-
tor CGRP with EPC.

We characterized EPC by citofluorimetry and we
measured CGRP by ELISA in 8 healthy controls (C)
and 62 T2DM with neuropathy (14 N), neuropathic
non ischemic (20 N1) and neuroischemic revascular-
ized patients (28 NV) with healed and not healed foot
lesions.

In our results CD34+ and CD133+ were reduced in N,
N1 and NV versus C, and CD34+ were lower in NV ver-
sus N1 (p=0.03). In NV CD34+KDR+ remain elevated
in healed versus chronic lesions and in N1 CD133+31+
were elevated in acute lesions. CGRP was reduced in NV
and N1 vs C (p<0.004, p<0.04 vs C 26±2 pg/ml).
CD34+KDR+ correlated in NV with oximetry (p<0.08)
and negatively in N1 with CGRP (p<0.004).

In our study we demonstrate different roles of CPC
and EPC in neuropathic and neurovascular type two
diabetic patients with foot lesions. Neuropathic pa-
tients exhibit a better CD34+ homeostasis capacity to
a damage tissue than neuroischemic patients. These
data could explain why in diabetes neuropathic foot

lesion has a better healing prognosis respect to is-
chemic foot lesions. Instead neuroischemic patients
have an increase of CD34+KDR+ cells only after an-
gioplasty and the level of them remains high in pa-
tients with a better healing prognosis. We suppose
that CGRP reduction in ischemic patients could in-
duce CD34+ apoptosis or reduced CD34+ bone mar-
row regeneration. A significative reduction of
CD34+KDR+ in chronic diabetic neuroischemic not
healed lesions probably explain the frequent resteno-
sis of distal diabetic arteries but we need further in-
vestigations.

P�65 � EMBRYONIC STEM CELLS GENE
SIGNATURE AND REGULATION IN HUMAN
PARATHYROID TUMORAL CELLS

Chiara Verdelli1, Valen7na Vaira2, Irene Forno2,
Vito Guarnieri4, Stefano Ferrero5, Alfredo Scillitani6,
Elena Costa7, Leonardo Vicen7ni8,
Giovan Ba9sta Steffano9, Silvano Bosari10,
Sabrina Corbe8a11

1Molecular Biology Lab;
11Biomedical Sciences for Health, University of Milan;
7Molecular Biology Lab;
9Surgery I, IRCCS Policlinico San Donato, San Donato Milanese,
Italy;
2Pathology Unit;
8Endocrine Surgery, Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milan, Italy;
4Gene5c Unit;
6Endocrinology Unit, IRCCS Casa SOllievo Sofferenza,
San Giovanni Rotondo, Italy;
5Biomedical, Surgical and Dental Sciences;
10Pathophysiology and Organ Transplanta5on,
University of Milan, Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico, Milan, Italy;

Parathyroid insufficiency, known as hypoparathy-
roidism, needs replacement therapy with parathormone
(PTH). PTH replacement does not restore the physio-
logic control of calcium metabolism and might require
multiple daily rhPTH injections. Cell-based replace-
ment therapy might be a valid option for hypoparathy-
roid patients. Up to now, adult stem cells from
parathyroid tissues have not been identified due to: a)
a parathyroid cell line is not available; b) human normal
parathyroids are not available for ethical reasons; c)
normal glands from mice and rats are not available due
to their small size; d) the only parathyroid cells avail-
able for investigation are from parathyroid tumours.
Parathyroid tumours are characterized by PTH hyper-
secretion and hypercalcemia, their initiating and devel-
oping processes are largely unknown and curative
treatments are missing. Tumoral parathyroid cells
showed definitely low proliferation rate related to a qui-
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escent status reminiscent of stem cells. Previously we
demonstrated that the microRNA clusters C19MC and
MIR371-3 at 19q13.4 locus were re-expressed in 67%
of parathyroid carcinomas due to C19MC copy num-
ber gain extending distal to the MIR371-3 cluster in al-
most all samples. These two microRNAs clusters have
been linked with the signature characteristic for human
embryonic stem cells and are silenced in adult normal
cells. Thus, we investigated genes of the transcriptional
regulatory network governing stem cells pluripotency
and self-renewal in a set of 15 parathyroid carcinomas
and 30 sporadic typical adenomas. RealTime PCR
analysis showed POU5F1/OCT4 mRNA in almost all
samples, while the mRNA of the OCT4 target gene
NANOGwas detected in at least 50% of the samples.
Similarly, SOX2mRNA was detected in 6 out of 15 car-
cinomas (40%) and 13 out of 30 adenomas (43%). This
SOX2 expression pattern was confirmed by western
blot, with a nuclear and cytoplasmic localization. Flu-
orescence activated cell analysis and immunofluores-
cence showed that SOX2 co-localized with PTH.
Immunohistochemistry identified parathyroid epithelial
cells with a positive nuclear staining for NANOG that
were more abundant in carcinomas (30-70%) compared
to normal glands (<10%). Most adenomas expressed
NANOG at low levels (1-7%). We further performed
experiments aiming to define the regulation of the
stemness genes expression in parathyroid tumoral cells.
Six hours treatment of dispersed parathyroid adenoma-
tous cells with increasing concentrations (10-20 mM)
of lithium chloride (LiCl), determining beta-catenin ac-
cumulation, increased both POU5F1/ OCT4 and
NANOG mRNA expression levels. By contrast, LiCl
treatment did not induce significant variation in SOX2
mRNA expression levels. These data identified a ge-
netic embryonic stem cell signature in parathyroid tu-
mours that correlates with more aggressive tumoral
features and provides bases for the identification of the
adult parathyroid stem cells.

EPIGENETIC REPROGRAMMING OF
HUMAN SKIN FIBROBLASTS INTO INSULIN
SECRETING CELLS

Tiziana A.L. Brevini, Georgia Pennarossa, Sara Maffei,
Marino Campagnol, Le7zia Taran7ni, Fulvio Gandolfi
Laboratory of Biomedical Embryology, Unistem, Centre for Stem
Cell Research, Università degli Studi di Milano, Italy

The cells of an adult organism acquire their differentiated
state through the epigenetic regulation of gene expression
that leads to a progressive restriction in their options.Among
the different mechanisms involved in lineage specification,
DNA methylation plays a major role, therefore the use of a
demethylating agent can be used to facilitate the transition of
mature cells to a higher plasticity state and thus allow the di-
rect conversion of an adult cell into another differentiated
cell type. In our talk we will describe the use of the DNA
methyltransferase inhibitor 5-azacytidine (5-aza-CR) to re-
vert fibroblasts from their lineage commitment to a more
pluripotent state. We will show that the short exposure to the
epigenetic modifier is enough to trigger a transient higher
plasticity window in fibroblasts that can then be re-addressed
towards the endoderm lineage and pancreatic differentiation.
At the end of the treatment, fibroblasts become pancreatic
converted cells (PCC) that show an epithelial morphology,
produce insulin, release the hormone in response to a phys-
iological glucose challenge in vitro and are able to protect re-
cipient mice against streptozotocin-induced diabetes,
restoring normal processing of glucose. The conversion into
pancreatic phenotype is obtained without any transgenic
modification and avoids a stable pluripotent state which is
unphysiological, inherently labile and makes cells prone to
alterations.All these aspects, together with the easy accessi-
bility of fibroblasts makes these cells excellent candidates
for regenerative medicine and patient specific cell therapy
(the authors performed the experiments with the support of
Network Lombardo iPS (NetLiPS) Project ID 30190629 and
are members of the COSTAction FA1201 Epiconcept: Epi-
genetics and Periconception environment).
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