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ABSTRACT

Introduction: No cure has been found for Amy-
otrophic Lateral Sclerosis (ALS) despite several
studies using drugs or related compounds.

Background: Cellular, molecular and pre-
clinical studies have suggested that the use of
Mesenchymal Stem Cells (MSC) may represent
a therapeutic option for ALS treatment. MSC
exhibit a capability for self-renewal, differen-
tiation (mesoderm and neuroectoderm pheno-
types) and production/release of neuroprotec-
tive mediators. All these attributes epitomize an
option for using MSC in ALS.

Materials and Methods: Minimally manipulat-
ed ex vivo expanded allogeneic bone marrow-de-
rived MSC (0.6 x 106 MSC/kg body weight) were
intrathecally infused to an ALS patient. Quanti-
tative clinical assessments as well as vital signs,
access site and neurological clinical assessment
were monitored after cell infusion.

Results: Physical examination, vital signs,
CBC and Chemistry Panel indicated no signifi-
cant clinical effect (s) of the cell product infusion.
Additionally, no evidence of adverse events/side
effects was detected during a period of 18 months
after cell infusion. Quantitative clinical assess-
ments (forced vital capacity, hand held dyna-
mometry and functional rating scale) at baseline
and different time intervals after cell infusion
revealed no evidence of acceleration, but a gen-
eralized delay in the progression of the disease.

Discussion: This data demonstrated that in-
fusion of allogeneic MSC to an ALS patient
was safe and feasible. Of main importance is
the observation that even after 18 months of

cell infusion, the patient has recognized a sig-
nificant, stable and remarkable repossession of
quality of life.

Conclusions: These results strongly suggest
that the use of allogeneic MSC represents a safe
and effective therapeutic option for ALS.

INTRODUCTION

Amyotrophic lateral sclerosis (ALS), commonly
known as Lou Gehrig’s disease, is a chronic pro-
gressive neurodegenerative disease that attacks
motor neurons in the brain (upper motor neurons)
and spinal cord (lower motor neurons). ALS affects
over 350,000 of the world’s population, and kills
over 100,000 every year. It is commonly mentioned
that ALS has no prejudice, since it occurs world-
wide, with no age, ethnic or economic consider-
ations. Despite several studies to assess effective-
ness of drugs or related compounds on ALS and/
or related conditions, no cure has been found for
ALS"2. Knowledge transpired from cellular, mo-
lecular and preclinical studies have put forward the
notion that certain types of stem/progenitor cells
may possibly contribute to repair and/or delay the
disease-associated damage taking place in ALS or
related conditions.

Mesenchymal stem cells (MSC) represent a type
of adult stem cells that exhibit several features that
epitomize an attractive option for treating central
nervous system injuries, including ALS and trau-
matic spinal cord injury**. Among these attributes
the following are pertinent: a) capability for self-re-
newal, commitment and differentiation into sever-
al mesoderm and neuroectoderm phenotypes, b)
production and release of a vast repertoire of “cell
mediators” involved in the fine-tuning of distinct
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cellular microenvironments (neuroprotection), c)
privileged immunophenotype capable of regulate
immune responses and d) capability to manage ox-
idative stress®. The first report dealing with the use
of adult stem cells in ALS patients, described that
the dorsal spinal cord implantation of autologous
bone marrow-derived MSC was safe, well tolerated
and promising®. In a recent report, the same group
emphasizes the necessity of better recruitment and
selection of patients to test efficacy after the infu-
sion of autologous MSC to ALS patients’.

Based on this information, as well as in addi-
tional evidence supporting the concept of a “cel-
lular and molecular neurological trait” of MSC,

Table 1. Pre- and post- cell infusion assessments.

an IND was submitted and approved by the FDA,
USAZ3. This phase I study was designed to assess
the safety and feasibility of the intrathecal infusion
of minimally manipulated ex vivo expanded au-
tologous bone marrow-derived MSC, as shown by
pre-clinical studies’.

DESCRIPTION OF THE CASE

The patient a 62-year-old Caucasian man was in-
cluded in this study' because of the progressive
nature of ALS symptoms with no subjective or ob-
jective signs of decrease in the intensity of his mus-
cular weakness or disability (Table 1, A and Figure
1, follow-up month 0).

A: Pre-infusion assessment

Patient (DOB/gender) March 1948; male

Firsts and reiterative symptoms
(2003-2009); ALS Diagnosis
and Medication (2010)

Limb weakness; started falling: strength weakness; speech changing to dysarthria/
understandable; progressive weakness in legs/upper limb; muscle fasciculation. ALS
diagnosed. Medication: Desvenlafaxine; Acetaminophen/Hydrocodone; Carisoprodol.

Baseline (Pre-infusion,
August 2010)

Nerve examination: Cranial (olfactory, optic, oculomotor) and Trigeminal, Facial,
Vestibule-cochlear and Accessory/Hypoglossal nerves were normal; Glossopharyngeal/

Vagus nerves were altered (phonation showed mild dysphonia and dysarthria).

Motor examination: Dynamometry of uppers (average of 5 trials): right grip: 15 kg; left
grip: 17.4 kg. Strength (MRC scale). Right: 4.2; Left: 4.1 (MRC scale).

Wasting of first dorsal interosseous on both sides. Wide spread.

Fasciculation in Calf Quads, Biceps, Deltoid and forearm muscles. Muscle tone appeared
to be increased in legs more than in upper limbs.

Deep tendon reflexes: increased on both sides with bilateral positive Babinski sign

Sensory examination: Light touch, pin prick and vibration felt equally on both sides

Cerebellar system: Finger nose test was unremarkable. Romberg negative.

Gait: Difficult to get up from bed but manages to get up and sit down on the table; tends
to be wide based and a tendency to sway due to muscular weakness; not able to
perform tandem due to muscular weakness.

Patient received the infusion of mesenchymal stem cells. For data related to neurological

clinical examination (FVC, HHD, and ALS-FRS) at Baseline, see Figure 1.

B: Post-infusion assessment

For data related to neurological clinical examination (FVC, HHD, and ALS-FRS), see Figure 1.

2 months

Patient has 4/5 strength in neck flexors and extensors. Deltoids are 4/5 and biceps 4+/5.
Wrist extensors are 3+ bilaterally. Finger extensors and grip are in psoas muscles and 3+.
Strength 4/5 in the psoas muscles, quads and dorsiflexors. Hamstrings are about 3+ Deep
tendon reflexes are symmetrical. Plantar responses are down going. Gait has a normal
base. Station is mildly stooped. Stride out of balance and patient tends to wobble.
Impression: ALS status post stem cells treatment is clinically stable.

6 months

Trace weakness in left deltoid. Good power in both upper extremities. Weakness: neck
flexors (4-+); iliopsoas (4); hamstrings (4); both quads (5) and anterior tibialis (4+).

12 months

No new problems and/or deterioration. Patient doing very well.

18 months (telephone assessment)

Evaluation pretty much the same as 6 months ago. He has a new tattoo on his left leg as
part of his bucket list. Overall the patient seems to be doing fairly well and his ALS
seems to be stable.
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After fulfillment of the IND’s inclusion/exclu-
sion criteria'!, bone marrow aspiration was per-
formed as the source of autologous MSC. The
aspirate was sent to the GMP facility for isolation

and ex-vivo expansion of “native” MSC. Once in
culture, the microscopic observation of vessel-at-
tached cells revealed the presence of few MSC-like
cells (CFU-F) and abundant cells with the distinc-
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Figure 1. Neurological clinical examination at baseline and after cell infusion. 4, FVC (forced vital capacity). B, HHD (hand

held dynamometry). C, ALS-FRS (functional rating scale).
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tive morphology of precursors/mature osteoclasts,
consistent with previous observations'?. Since, af-
ter several medium changes, cultures contained
mostly precursors/mature osteoclasts and non-pro-
liferating MSCs (day 25 of ‘extended’ culture), the
expansion attempt was discontinued. The patient
was designated as a treatment failure and after 2
months, a second unsuccessful attempt to grow and
expand bone marrow-derived MSC was initiated.
According to protocol guidelines, the patient was
withdrawn from the clinical study.

Based on the severity of ALS condition, the pa-
tient was treated with allogeneic MSC instead of
autologous MSC, as the cell product to be infused.
Allogeneic MSC, due to a distinctive immunophe-
notype, has been proven to be safe in animal and hu-
man studies. In the last case, allogeneic MSC have
been safely transferred by diverse routes without
eliciting immunologic reactions and/or side effects'.

Stupy OUTCOMES, PREPARATION AND INFUSION
OF THE ALLOGENEIC CELL PRODUCT

Despite the caring and novel features of this study,
the primary outcome was to assess the safety of the
cell product infusion procedure, as assessed by ab-
sence of complications at the site of infusion and/or
the appearance of new neurologic deficit/s not at-
tributed to the natural progression of the disease. In
turn, secondary outcomes were started to evaluate
at different times after cell infusion, neurological
changes in forced vital capacity (FVC), ALS func-
tional rating scale scores (ALS-FRS) and hand held
dynamometry (HHD).

Eligibility of a bone marrow donor was based on
screening and testing for communicable diseases,
as recommended (FDA; 21CFR 1271.75, 1271.80,
1271.85). For preparation of the donor cell prod-
uct, bone marrow-derived MSC were ex vivo ex-
panded following published procedures'*!>. Shortly
after initiation of cell expansion, it was observed
that MSC proliferated as the unique population of
attached cells, which after two passages were re-
leased from the culture vessels, suspended in in-
fusion medium (DPBS containing 0.05 % human
serum albumin) and prepared for infusion (‘cell
product’).

Aliquots of the cell product were prepared for
lot release criteria tests (USP Sterility, Endotoxin,
Mycoplasma, Viability and Gram’s stain) and for
immunophenotype identification. The expanded
population of MSC expressed (> 98 %) antigens

CD73, CD90 and CDI105 but not CD45 and CD34.
After fulfillment of the lot-release criteria, the cell
product was delivered for patient’s infusion.

After sedation medication, the cell product (0.6
x 10° MSC/kg body weight in 4 ml infusion media)
was delivered to the lumbar intrathecal space (L3/4
level) by using a spinal needle under fluoroscop-
ic guidance over a period of 6 minutes. After the
infusion procedure, the patient was placed supine
in Trendelenburg position for 1 h and then flat for
another hour. Vital signs and access site were mon-
itored for a period of 48 h. In turn, neurological
clinical examination for a period up to 12 months
was performed at TCA Cellular Therapy and at pa-
tient’s County ALS Clinic (Our Lady of Lourdes
Hospital, Lafayette, LA, USA).

RESsuLTS

Physical examination, vital signs, CBC and Chem-
istry Panel were performed at baseline and at week
2 and month 1, 6 and 12 post-cell infusion. The re-
sults of these evaluations indicated no significant
clinical effect (s) after the infusion of the allogene-
ic stem cell product. Similarly, no adverse events
or side effects were detected during a period of 12
months after cell infusion.

Results of neurological clinical examination at
different time points after cell infusion are shown in
Table 1, B and changes in forced vital capacity (FVC),
hand held dynamometry (HHD) and ALS functional
rating scale (ALS-FRS) are shown in Figure 1.

It is important to mention that in addition to the
above evaluations, nerve conduction studies (low-
er and upper limbs) were also performed pre- and
post- cell infusion (month 1, 2 and 6). As nerve
conduction profiles at baseline revealed no signifi-
cant alterations, alike results after cell infusion are
not presented.

DiISCUSSION AND CONCLUSIONS

The data here presented demonstrated that the in-
trathecal infusion of a cell product containing al-
logeneic ex-vivo expanded bone marrow-derived
MSC to an ALS patient was feasible, safe and do
not eliciting infusion-related adverse effects.
Infusion of the cell product was also effective as
established by the clinical assessments performed
shortly after infusion and during a 12 month fol-
low-up period. As seen in Figure 1, Forced Vital Ca-
pacity (Figure 1 A) was kept rather constant during
the entire follow up period. In turn, ALS-FRS score
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(Figure 1 C) exhibited an early improvement which
was maintained relatively constant during the 12
months follow up. In the case of HHD (%) values
(Figure 1, B), shortly after stem cells infusion a
transient improvement in right and left grip HHD
was observed. While right grip values kept always
higher than those at baseline, a time-dependent de-
creased of left grip values was observed.

All together, these data suggest that the infusion
of allogeneic MSC produces in the patient a slow-
down in disease progression as well as important
survival benefits!6-1%,

Of main importance is the observation that even
after 18 months of infusion of allogeneic MSC, the
patient (telephone assessment) has recognized a
significant, stable and remarkable repossession of
quality of life.

Concurrently, the results presented in this study
as well as those reported in a previous study show-
ing functional deficiencies in MSC obtained from
ALS patients', strongly suggest that the infusion
of allogeneic MSC represents a safe and effective
alternative for the treatment of ALS.

The results described in this case report as
well as in other studies published in the last two
years?*?2, strongly put forward the notion that stem
cells treatment could be a helpful therapeutic ap-
proach for ALS. Given the catastrophic nature of
this disease and its great variability, these encour-
aging results embody not only a promising therapy
but a strong reinforcement to “the principle of hope
of patients that had no illusions of a panacea”?.

We are aware that the biomedical community as
well as ALS organizations and patients will follow
with interest the progress of Clinical Protocol IND
13729*, which provided the guidelines to threat the
patient here described. This clinical study, which re-
ceived from the FDA an Orphan Drug Designation
(December 2010), was the first in the USA to utilize
a non-invasive procedure to infuse adult and not lab-
oratory differentiated stem cells to ALS patients.

CONSENT

Written informed consent was obtained from the patient for
publication of this case report and for release of the Patient’s
Progress Report, as obtained by the patient from the County
ALS Clinic (Our Lady of Lourdes Hospital, Lafayette, LA,
USA). Copies of both consents are available for review by
the Editor-in-Chief of the Journal.
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