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The iconic quote “You cannot learn anything from 
success, you only learn from failure” applies to all 
research endeavors. Unfortunately, a common re-
action amongst investigators is to feel unrewarded 
by publishing a failed endeavor, especially if the 
work is sponsored by a commercial entity. The 
authors of the accompanying paper1 are therefore 
to be applauded for publishing the details of their 
study because only in that way can their valuable 
findings be disseminated so as to benefit the field 
of islet transplantation.

So, what can we learn? Why was there nearly 
complete lack of engraftment? Could the failure 
have been expected by the prior published work 
in small animals? How should devices and test 
methods be modified in the future to increase the 
probability of success?

What Was the design of the Cell PouCh?
From the limited information publicly available, 
we understand the Cell PouchTM used in this study 
to be a retrievable device for islet implantation 
in subcutaneous tissue. It consisted of a porous 
mesh fabricated from fibers in a regular pattern. 
The interstices of the mesh were large enough for 
ingrowth of vascularized tissue, and the mesh had 
no immunobarrier properties. The human trial 
employed the standard immunosuppression that 
is required for islet transplants. Solid cylindri-
cal plugs were placed in the mesh with regular 
spacing. After an extended period following im-
plantation, the plugs were removed so as to create 
empty cylindrical channels in which isolated islet 
preparations were placed, after which the channels 
were sealed. Oxygen was provided to the islets by 
diffusion from the prevascularized tissue around 
the periphery of the cylindrical spaces. Oxygen 

would also be provided by any additional neovas-
cularization that occurred within the islet tissue in 
the cylindrical channels. From various sources1-3, 
we estimate that each channel had a diameter of 
about 3 mm, a length of about 4 cm, and a con-
tained volume of about 0.3 cm3. Using the islet 
loading data in the paper and the volume of an 
islet equivalent (IE), 1.77 x 10-6 cm3/IE, the vol-
ume fraction of islet tissue was about 14 and 32% 
in Cases 1 and 2, respectively. The islet volume 
fraction was potentially higher in case 3, but there 
is a discrepancy in the number of channels used to 
calculate islet loading per channel between Table 
1 and the description in the text. In addition to 
islets, the preparations contained varying amounts 
of exocrine tissue, which added to the total tissue 
loading and increased the total volume fraction 
of tissue to about 16 and 43% in cases 1 and 2, 
respectively The low purity of islet preparations in 
Case 3 means that the total volume fraction tissue 
was even higher.

What Were the CliniCal observations?
Although the concept behind the Cell PouchTM 
had merit, it did not work. An increase of C-pep-
tide was found in the blood of subjects immedi-
ately after implantation, which likely represents 
the release of stored insulin in dying beta cells. 
Subsequently, virtually no C-peptide was found 
in the circulation, nor was there any notable fall 
in insulin requirements. This was the case despite 
large numbers of cells being placed into the pouch-
es. Case number 3 received nearly 1.3 million islet 
equivalents (IEQ), which is substantially more 
than what is usually required to reverse type 1 
diabetes when islets are transplanted into the liver4. 
Histological evaluation of the pouches showed that 
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fuse until it would be totally consumed10 is about 
430 and 220 mm for the conditions of cases 1 and 
2, respectively. These estimates are only a small 
fraction of the 1,500 mm cylinder radius used in 
the Cell PouchTM, which means most of the tissue 
would be expected to die. Furthermore, previous 
studies of islet encapsulation in hollow fiber and 
tubular membranes11,12 demonstrated viability after 
implantation only when the volume fraction of tis-
sue was extremely small, about 1% or less, because 
of hypoxia-induced cell death at higher loadings, 
thereby necessitating lengths of membrane tubing 
that were very large and impractical for clinical 
use13-16. One should, therefore, anticipate that the 
loading levels and cylinder diameter used in this 
study would lead to islet tissue death. The signif-
icant numbers of acinar and duct cells present, 
especially in Case 3, further magnify the problem 
because the death of acinar cells could lead to the 
release of proteolytic enzymes that could also con-
tribute to beta cell death. Thus, failure of the Cell 
PouchTM is not surprising from every viewpoint 
examined.

Was failure PrediCtable from 
the Published study With small animals?
The previous study in a mouse model2 with a 
scaled down Cell PouchTM demonstrated long-
term insulin independence with implantation of 
200 islets. However, achievement of euglycemia 
occurred more slowly, and the response to an 
IVGTT was slightly poorer, than with implants in 
the kidney capsule, though both IVGTT results 
were substantially worse than in naïve animals. 
There was no quantitative information about sur-
vival of implanted islets in explanted devices, and 
the evidence for neovascularization anywhere was 
similarly not quantitative and showed little more 
than a sparse distribution of vessels. Most criti-
cally, 200 islets would occupy only about 0.5% of 
the reported 75 μl volume of the single channel. 
The aforementioned studies with implanted hol-
low fibers and tubular diffusion chambers showed 
that most islets remain viable at such low volume 
fractions. In this critical aspect, the previous study2 
did not test the Achilles heel of this approach, i.e., 
the need for high islet volume fraction in the cy-
lindrical spaces of clinical devices. Combined with 
the marginal glycemia results, the prior study did 
not provide any encouragement that the larger Cell 
PouchTM and much higher islet density required in 

some patches of beta cells did survive in limited 
sections, but they probably represent only a small 
fraction of what was transplanted. One must con-
clude that the vast majority of the large number of 
islets transplanted did not survive.

What Caused failure of engraftment?
It is possible that all four islet preparations were of 
such poor quality that they died immediately after 
implantation. We view this as extremely unlikely. 
Seroma formation, which frequently occurs fol-
lowing implant of mesh materials5, was observed 
in Cases 1 and 3 and ultimately resolved itself. It 
is conceivable that seroma interfered with vascu-
lar tissue ingrowth or with the neovascularization 
process. We view this scenario as also unlikely.

The authors concluded that massive islet death 
resulted from hypoxia. This is reasonable from 
various viewpoints. Islet tissue under severe hy-
poxia likely died well within 1 day, similar to 
substantial islet loss observed 1 day after implan-
tation in the kidney capsule6. Such loss might be 
prevented in the Cell PouchTM if substantial vas-
cularization occurred within the implanted islet 
tissue in a very short period of time, e.g., 1 day 
after implantation. Vessels arising from the prevas-
cularized bed around the cylinder periphery would 
have to migrate and proliferate throughout the 
cylindrical space in this time period, and that did 
not happen. In freely transplanted islets, the first 
signs of angiogenesis do not appear until 2 days 
after transplantation, and 1-2 weeks is needed for 
the entire vascularization process to be complet-
ed7. In the case of neovascularization induced by 
the microarchitecture of porous materials without 
exogenous angiogenic factors, the rate at which 
new vessels migrate is markedly smaller8. While 
waiting for sufficient neovascularization, might the 
islet tissue be kept alive by a prevascularized bed 
at the periphery? The paper gives no significant 
evidence that this occurred. Limited histology in 
Figures 4 and 6 does not provide clear boundaries 
or dimensions (Figures 4A and 6A are identical 
but different magnifications are indicated). More 
importantly, even if a prevascularized network 
formed and was sufficient to provide a uniform 
pO2 of 40 mmHg (typical for the microvascula-
ture) around the cylinder, a simple engineering 
calculation using published parameter estimates9 
suggests most of the tissue would die. The maxi-
mum cylinder radius over which oxygen could dif-
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job before devices get to human testing. We need 
to use quantitatively reliable methods, such as 
measurement of morphometric parameters22,23 or 
oxygen consumption rate24 to characterize how 
much viable tissue is implanted and how much is 
left when the implant is excised. If vascularization 
is important, we need to quantitatively assess the 
state of the microvasculature at the device-host 
tissue interface. The biggest lesson to learn from 
this failed study is that we have to up our game 
in the quality of translational research if we are to 
avoid repetition of these kinds of results.
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humans would succeed. A variant of the oft-quoted 
message applies: “Learn from history or you’re 
doomed to repeat it.”

hoW should deviCes and test methods 
be modified in the future?
Given the advances in understanding immunosup-
pression and immunoisolation, and the expanding 
efforts with differentiated pluripotent cell-derived 
insulin-secreting cells, the critical remaining prob-
lem is the supply of sufficient oxygen to keep the 
cells alive and functioning. The latter aspect is 
even more difficult to achieve because deepening 
hypoxia can reduce the insulin secretory capacity 
of beta cells while still maintaining islets viable17.

Current efforts to deal with oxygen supply lim-
itations include exogenous supply of oxygen18 and 
neovascularization around devices19 and/or within 
tissue, as attempted with the Cell PouchTM. In the 
latter approach, sufficient oxygen supply requires 
robust neovascularization with an extensive vascu-
lar network20. It is not sufficient to observe some 
degree of neovascularization and declare success. 
In the native pancreas, each beta cell is adjacent 
to a blood vessel21. While such intimate vascular-
ization may not be required for an implantable de-
vice, we currently do not know what is needed. A 
quantitative understanding of the relationship be-
tween characteristics of a neovascularized bed and 
maintenance of cell viability and function needs 
to be established. We also need validated methods 
for quantifying the extent of neovascularization. 
Only then will we be able to examine the efficacy 
of any particular method. The Cell PouchTM relies 
on whatever vascular structure the neovasculariza-
tion process provides. It may be necessary instead 
to develop preformed vascular structures within 
the tissue that are designed in advance to provide 
sufficient oxygen according to known engineering 
concepts. Without such microscale considerations, 
neovascularization will not succeed. Because of 
the low pO2 of the blood in the microvasculature, 
neovascularization around a device limits the avas-
cular thickness of tissue that can be supported. Use 
of exogenous oxygen is likely necessary to provide 
support for maintenance of much higher tissue 
densities and correspondingly smaller implanted 
devices for clinical use.

This work also speaks to insufficiencies in the 
way in which translational research in animals in 
this field is carried out. We need to do a better 



4 Clark K. Colton, G. Weir

Shabtay N, Balyura M, Rozenshtein T, Vardi P, Bloch K, 
de Vos, P, Rotem A. Enhanced oxygen supply improves 
islet viability in a new Bioartificial pancreas. Cell Trans-
plant 2013; 22: 1463-1476.

19. Lee SH, Hao E, Savinov AY, Geron I, Strongin AY, 
Itkin-Ansari P. Human beta-cell precursors mature into 
functional insulin-producing cells in an immunoisolation 
device: implications for diabetes cell therapies. Transplan-
tation 2009; 87: 983-991.

20. Kaully T, Kaufman-Francis K, Lesman A, Levenberg S. 
Vascularization: The conduit to viable engineered tissues. 
In: Advances in Tissue Engineering: Angiogenesis, New 
Rochelle, N.Y., 2010; pp. 17-27.

21. Bosco D, Armanet M, Morel P, Niclauss N, Sgroi A, 
Muller YD, Giovannoni L, Parnaud G, Berney T. Unique 
arrangement of alpha- and beta-cells in human islets of 
Langerhans. Diabetes 2010; 59: 1202-1210.

22. Suzuki K, Bonner-Weir S, Hollister-Lock J, Colton CK, 
Weir GC. Number and volume of islets transplanted in 
immunobarrier devices. Cell Transplant 1998; 7: 47-52.

23. Suzuki K, Bonner-Weir S, Trivedi N, Yoon KH, Hollis-
ter-Lock J, Colton CK, Weir GC. Function and survival 
of microencapsulated syngeneic islets transplanted into 
streptozocin-diabetic mice. Transplantation 1998; 66: 21-
28.

24. Papas KK, Colton CK, Qipo A, Wu H, Nelson RA, Hering 
BJ, Weir GC, Koulmanda M. Prediction of marginal mass 
required for successful islet transplantation. J Invest Surg 
2010; 23: 28-34.

10. Belfiore LA. Transport phenomena for chemical reactor 
design. Wiley, Hoboken, N.J. 2003; pp. 461-471.

11. Lanza RP, Butler DH, Borland KM, Staruk JE, Faustman 
DL, Solomon BA, Muller TE, Rupp RG, Maki T, Monaco 
AP, Chick WL. Xenotransplantation of canine, bovine, 
and porcine islets in diabetic rats without immunosuppres-
sion. Proc Natl Acad Sci USA 1991; 88: 11100-11104.

12. Scharp DW, Swanson CJ, Olack BJ, Latta PP, Hegre OD, 
Doherty EJ, Gentile FT, Flavin KS, Ansara MF, Lacy PE. 
Protection of encapsulated human islets implanted without 
immunosuppression with type I or type II diabetes and in 
nondiabetic control students. Diabetes 1994; 43: 1167-1170.

13. Colton CK. Implantable biohybrid artificial organs. Cell 
Transplant 1995; 4: 415-436.

14. Lanza RP, Chick WL. Endocrinology: Pancreas. In: Prin-
ciples of Tissue Engineering, Lanza RP, Langer R, Chick 
WL, eds., RG Landes Co., Austin, TX, 1997; pp. 405-425.

15. Scharp DW, Marchetti P. Encapsulated islets for diabetes 
therapy: History, current progress, and critical issues 
requiring solution. Adv Drug Delivery Rev 2013; 67-68: 
35-73.

16. Colton CK. Oxygen supply to encapsulated therapeutic 
cells. Adv Drug Delivery Rev 2014; 67-68: 93-110.

17. Dionne KE, Colton CK, Yarmush MI. Effect of hypoxia 
on insulin secretion by isolated rat and canine islets of 
Langerhans. Diabetes 1993; 42: 12-21.

18. Barkai U, Weir GC, Conton CK, Ludwig B, Bornstein 
SR, Brendel MD, Neufeld T, Bremer C, Leon A, Evron 
Y, Yavriyants K, Azarov D, Zimmermann B, Maimon S, 


