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ABSTRACT

Background: Human embryonic stem cells (hESCs) are pluripotent cells that have the potential to self-
renew and differentiate into all types of human cells.

Purpose: The present study was aimed at establishing the safety of hESC therapy in patients with terminal/
incurable conditions.

Methods: This was a single cohort study conducted at Nutech Mediworld, New Delhi. The patients suffer-
ing from various degenerative diseases were included in the study from year 2002 to 2004. hESCs (0.25 mL)
were injected under skin in the abdominal wall. The safety of hESC therapy was evaluated by assessing the
AEs experienced by patients during the study. Any disabling symptom/ sign, teratoma or antigen-antibody
reaction that a patient suffered post transplantation of hESCs was considered as an AE.

Results: A total of four, six and twenty three patients received hESC therapy in the year 2002, 2003 and
2004 respectively. Pain and fever were the most common AEs observed during the study. Other AEs in-
cluded headache, mild pain in the abdomen, swelling of legs (edema), urinary tract infection (UTl), rash/
erythema, pain at the lower back and limbs and body ache. All the AEs reported were mild in nature and
resolved within one or two days with symptomatic medication and rest. No serious AEs were reported.
The improvement in specific parameters of the patients was observed after the therapy.

Conclusion: hESCs used in the present study are safe for use in humans afflicted with incurable/terminal
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conditions. Future, prospective controlled studies to substantiate the present study are ongoing.

doi : 10.5214/ans.0972.7531.220303

Introduction

Human embryonic stem cells (hESCs) are
self-renewing cells with a potential to dif-
ferentiate into all types of human cells.
These cells have the potential for cell re-
placement and regeneration therapies
for human diseases. hESCs were derived
and characterized as early as 1982 from
fresh or frozen cleavage stage donated human embryos pro-
duced by in vitro fertilization (IVF).2 The viable cell lines were
obtained from the inner cell mass or blastocyst. hESCs have
also been derived and established from single blastomeres of
the 4 or 8 celled embryo and 16 celled morula.>” Since then,
a plethora of research has been done using hESCs for vari-
ous diseases like diabetes, liver disorders, auto-immune dis-
orders, immune disorders, Parkinson’s disease, Alzheimer’s
disease, age related macular degeneration and spinal cord
injury.&14
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Despite huge potential in curing chronic and terminal con-
ditions, hESCs have not been used extensively in humans.
This is largely due to the ethical consideration in procur-
ing the hESC lines and also lack of knowledge for the use
of hESCs. Further, hESC cell lines have shown chromosom-
al and genomic instability, with acquisition of loss of het-
erozygosity or copy-number variation in cancer-related
genes.'>'® hESCs have also been associated with teratoma
formation and fear of being immunologically rejected.”
These challenges have hindered the use of hESCs to their full
potential.

A Phase 1 human clinical trial using hESCs was approved by
FDA in 2009 popularly referred to as the Geron trial. Though
the initial results of the trial were promising, it was left mid-
way due to financial constraints.'® Further, there have been
safety concerns and challenges in the use of hESCs. Most of the
hESCs being used have been exposed to xeno-products dur-
ing isolation and propagation. As a result, these could carry
a risk of xenogenetic pathogen cross transfer and other un-
known substances capable of eliciting a detrimental immune
response in transplanted hosts. The cells used in Geron trial
also contained animal components such as B27 supplement or
Matrigel.'® Recently, Asterias Biotechnology Inc. of Menlo Park
has bought the rights of Geron to conduct clinical trial with
hESC in humans; that has been approved by FDA." Advanced
Cell technology (ACT), Inc. is also focusing on developing hESC
based therapies for various disorders and has got promising
initial results in patients with macular degeneration.?°

We used an in-house developed patented technology to culture
and maintain hESCs in our GMP, GLP and GTP certified labora-
tory. The hESCs were obtained from a one-time harvest made
at the pre-blastocyst stage. The cell line thus developed is creat-
ed from a single expendable fertilized ovum 24-48 hours after
fertilization when the conceptus is assumed to have reached
4-16 celled stage. Further, we have not used any animal prod-
uct or exposed our cell lines to any animal product. We have
developed a simplified cell culture system free of exogenous
cells and supplements of animal origin for expansion of hESCs
in a substantially undifferentiated state. In this article, we pres-
ent the safety and efficacy data of our cell lines.
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Methods
Study Characteristics

This was a single cohort study to establish safety and effi-
cacy of hESCs in terminally ill patients carried out at Nutech
Mediworld, New Delhi. The study included the patients enrolled
in different cohorts in 2002 and 2004. The first patient was ad-
mitted on 31 March 2002. The patients were included in the
study after an informed consent. The consent process involved
a detailed discussion about the hESC therapy with the patient
accompanied by a family member or caretaker. All the patients
were informed that the treatment protocol being followed is
being developed and is not yet finalized. The patients were also
made aware of the adverse events (AEs) that might occur due
to hESC therapy. All the information regarding the patients, a
detailed report of the therapy and outcomes on patients and
commencement of therapy was given to Government of India.
We followed the guidelines of biomedical research (year 2000)
on human participants in India.?° During the entire procedure,
an anesthetist was present and safety and sterile measures for
hESC transplantation were followed. The transplantation was
done at a medical centre registered under Delhi Government.

Study Population

Patients suffering from various degenerative diseases including
Parkinson’s disease, spinal cord injuries, autosomal recessive
disorders, motor sensory neuropathy with diplopia (vasculitis),
mild diffuse cerebral atrophy, Huntington’s chorea, liver me-
tastasis, diabetic foot (amputation), diabetes mellitus, psoria-
sis, chronic renal failure secondary to lupus nephritis, systemic
lupus erythematosus (SLE), Duchene’s muscular dystrophy
(DMD), cirrhosis, mental retardation with microcephaly, hypo-
thalamic astrocytoma, post traumatic paraplegia, developmen-
tal delay, colitis, and acute cauda equine lesions received hESC
therapy. Patients who were pregnant, lactating or confirmed to
have received other forms of cell therapy within 12 months of
the treatment were not included.

Cell Culture and Differentiation

hESCs were obtained from a single, spare, expendable, pre im-
plantation stage fertilized ovum taken during natural in vitro fer-
tilization (IVF) process with due consent. These cells are cultured
and maintained as per our proprietary in-house technology in a
GMP, GLP and GTP certified laboratory. The technology has now
been patented (United States Granted Patent No US 8592, 208,
52). The detailed cell culture and differentiation techniques have
been elaborated elsewhere. The cell lines have been cultured
and maintained in animal products free conditions making them
suitable for clinical cell therapy. A detailed composition of hESCs
used in this study their derivatives, methods of use, and meth-
ods of preparation are available at http:/patentscope.wipo.int/
search/en/W02007141657).

A quality check was performed on the stored cell batches
which included integrity, viability and microbial contamination.
The cells were characterized and the transplanted cells were
octamer-binding transcription factor 4 positive (OCT4 +ve);
Stage-specific embryonic antigen 3 (SSEA3)+ve; NANOG +ve;
SOX +ve; B actin +ve; B-human chorionic gonadotropin (§ -
HCG) +ve; alkaline phosphatase +ve; CD 34 +ve; Nestin +ve,
GATA +ve; GAF +ve; NeuN +ve; and transfer gene (TRA) —ve.
The characterization was done by fluorescence-activated cell
sorting (FACS), polymerase chain reaction (PCR) and immuno-
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flourescence (Nikkon Ellipse E200; BD Acuri, Biorad T 100 Ther-
mal cycle) (Unpublished data, Paper under submission).

Study Procedure

The cells were transplanted through simple injections of hESC
suspension under skin in the abdominal wall. A single injection
contained 0.25 mL of hESC suspension (1 mL contains approxi-
mately 4 million cells).

Variables for Analysis

Safety Evaluation: The safety of hESC therapy was evaluated by
assessing the AEs experienced by patients during the study. Any
disabling symptom/sign that a patient suffered after the test
dose was given was considered as an AE. The medical staff of
Nutech Mediworld carefully examined the patients for any AEs
keeping the ones related to hESCs in mind. These AEs included
teratomas, antigen-antibody reactions and any other sign and
symptom.

Efficacy Evaluation: The efficacy of hESC therapy was evaluated
based on the improvement seen in the patients.

Data Analysis

No formal sample size was calculated for this study. Each case
was assessed at admission or soon after admission to determine
the pre-therapy status of the case. The safety analyses were per-
formed on safety population (patients who took at least one
dose of hESC). The efficacy was assessed based on the improve-
ment seen in the patients. No statistical assumptions were made.

Results
Study Patients

In the year 2002, 4 patients started hESC therapy. The first injec-
tion of hESCs was given to a patient with cortico basal degen-
eration on 31 Mar 2002. In year 2003, six patients received hESC
therapy. The details of these patients are shown in Table 1. In the
year 2004, 23 patients with different chronic or terminal con-
ditions were administered hESC therapy. Of these 23 patients,
4 had SCl, 3 had Duchenne’s muscular dystrophy, 2 had Hunting-
ton’s Chorea, 1 had Parkinsonism, 1 had Psoriasis, 1 had cauda
equina Syndrome, 1 had postastrocytoma brain damage with
seizures and slow learning, 1 had systemic lupus erythematosus,
1 had developmental delay, 1 had dementia, 1 had Alzheimer’s
disease, 1 had alcoholic cirrhosis with portal hypertension, 1 had
genetic disorder, 2 had post cerebro vascular accident (CVA),
1 had uncontrolled diabetes with right bundle branch block and
1 had multiple sclerosis.

Safety Evaluation

No serious AEs were reported during the study period. All the
AEs were mild in nature and resolved within one or two days
with symptomatic medication and rest. Pain and fever were the
most common AEs observed during the study. Headache, mild
pain in the abdomen, swelling of legs (edema), urinary tract
infection (UTI), rash/erythema, pain at the lower back and limbs
and body ache were the other common AEs observed during
the study. Table 2 lists the AEs observed during the study period
in our patients.

Efficacy Evaluation

The improvement in patients after the therapy is tabulated in
Table 1. Since this was not an efficacy study, we did not analyze
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Table 1: Characteristics of Patients, hESC Therapy Schedule and Condition Before and After the Treatment (Year 2000 and 2003)

Code Age Diagnosis Presenting Condition hESC Therapy Condition after Therapy
(yr)/ Schedule
Gender
Year 2002
80001 56/M | Cortico Basal degeneration | Rigidity 2 injections Rigidity decreased
Stammering and slurring 31 Mar 2002 Speech improved
Tightly clenched fists 1 Dec 2002 No clenched fists
Inability to blink Inability to Could swallow and chew food
swallow Inability to walk Could walk a few steps
80002 64/M Parkinsonism Pain in lower back and lower limbs | 3 injections Lesser pain in lower back and
Pain before micturition 26 Apr 2002 lower limbs
Tremors in the upper limbs 8 Sep 2002 Micturition normal
Inability to speak properly 26 Oct 2002 No tremors
Inability to walk properly Speech improved
Ability to walk improved
Medication decreased
80003 53/M Becker’s Muscular Slurring of speech 2 injections Speech improved
Dystrophy Inability to walk 29 Sep 2002 Able to walk without support
Inability to lift arms 17 Nov 2002 Weakness in limbs decreased
Difficulty in breathing Breathing pattern improved
Weak hand grip Hand grip improved
80004 37/F Post traumatic encepha- Poor gait Single injection | Better gait
lomalacia and gliosis with Inability to walk without support 16 Nov 2002 Able to walk without support
quadriplegia (Right>Left) Scoliosis Scoliosis improved
Poor ability to perform everyday More independent in
activities Poor speech performing everyday activities
Poor finger movements Slight improvement in finger
Rigid neck movements
Impaired cognition Better neck movements
Improved cognition
Year 2003
80005 65/M Diabetes Mellitus with renal | Chest pain Single injection | Decreased chest pain
and cardiac involvement Breathlessness 31 Jan 2003 Less pain in right shoulder
Pain in the right shoulder Serum creatinine- 1.8 mg
Serum creatinine-2.4 mg LVEF-57.3%
LVEF-48%
80006 72/F Non-healing burn wound Non-healing ulcer after a burn Single injection | Skin covered the ulcer
Chest pain 12 Feb 2003 Decreased chest pain
Breathlessness
80007 | 66/M | Type Il Diabetes Mellitus High blood sugar levels Single injection | Lower blood sugar levels,
with Hypertension and Abnormal kidney function 5 May 2003 insulin dosage reduced to half
Parkinsonism Tremors Normal kidney function
Decreased tremors
80008 35/F Primary ovarian failure No ovulation despite medication Single injection | Delivered a normal healthy
11 Jun 2003 baby
80009 28/F Becker’s muscular dystro- Drooling Single injection | Mental condition improved
phy with cerebral atrophy Low 1Q-35 15 Nov 2003 1Q-100
80010 65/F Atrophy with spino Catheterization for micturition Single injection | No catheterization
cerebellar ataxia Difficulty in swallowing 30 Dec 2003 Able to swallow food
Tremors and nodding of head Decreased tremors and
Inability to walk nodding of head
Slurring of speech Able to walk with walker
Poor balance Speech improved
Hypertension Better balance
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Table 2: Adverse Events (AEs) Observed in Patients during the
Study Period
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the efficacy data. However, we observed an improvement in spe-
cific parameters of all our patients during the study, Figure 1.

Discussion

hESCs have an inexhaustible potential to differentiate into dif-
ferent cell types making it a promising treatment option for
many debilitating conditions. The first embryonic stem cells
(ESCs) were derived from mice (mESCs) in the year 1981.%
Thomson et al isolated the first hESCs derived from human
blastocysts about two decades later. Since then, studies have
been ongoing to prove and utilize their therapeutic prowess.
However, ethical considerations and safety regarding the use
of hESCs have limited their widespread use.

Adult stem cells are ethically preferable but are lineage restrict-
ed and have a limited capacity of self-renewal, which is the es-
sence of stem cell therapy. Further, the sources of human adult
stem cells are limited and their isolation is a challenge and can

Sr. No. | Adverse Event (AE) n (%)
Year 2002 and 2003 (N = 10)
1 Pain (Legs, Abdomen, Chest) 5 (50)
2 Fever 4 (40)
2 Urinary Tract Infection 3(30)
3 Headache 2 (20)
4 Loose motion 2 (20)
5 Constipation 2 (20)
7 Cough 2 (20)
. DY EEE] 1) “Ihealing of wound occurred after receiving hESC therapy
9 Breathlessness 1(10)
Year 2004 (N = 23) (b)

1 Fever 4(17.4)
2 Cough 3(13)
2 Lack of sleep 3(13)
3 Headache 2 (8.7)
5 Pain in the legs 2 (8.7)
6 Loose motions 2 (8.7)
7 Vomiting 2 (8.7)
8 Backache 2 (8.7)
9 Restlessness 1(4.4)
10 Burning pain in the area of ulceration 1(4.4)

(in psoriatic cases) Fig. 1: Images of Two Patients Before and After Receiving hESC Therapy.
11 Pain in the lower abdomen 1(4.4)
12 Breathlessness 1(4.4)
13 Constipation 1(4.4) be painful for the patient. Human induced pluripotent stem
14 suelin i | cols PSCH dered fom various omatic cells e gt
15 Knee pain 1(4.4) regenerative medicine. Though effective, iPSCs might cause ge-
16 Loss of apetite 1(4.4) netic and epigenetic abnormalities that could take place dur-

ing reprogramming or maintenance of iPSCs in subsequent cell
culture.??* The potential tumorigenicity and immunogenicity
associated with iPSC-based cell therapy is of significant con-
cern.?>?7 hESCs have an edge over adult stem cells and iPSCs
as they display low immunogenicity and could be transplanted
with minimal immunosuppression.28-2°

Maintaining an undifferentiated stem cell state during large
scale expansion (without spontaneous differentiation) is an up-
hill task that has hindered their widespread use. Another issue
is direct or indirect exposure of cells to animal products while
culturing that results in high risk of graft rejection and transfer
of non-human pathogens to the recipient. Some researchers
have been able to maintain and expand undifferentiated hESC
on human feeder layers or feeder free matrices but the scale of
expansion is low.?*3" Further, majority of the methods adopted
for culturing hESCs could result in genetically unstable and ab-
errant cell lines.

Most of the hESCs used till date have been derived from inner
cell mass (ICM) of blastocyst embryos before implantation.?33:34
hESC lines are obtained by enzymatic dispersion of the ICM
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and culturing under particular conditions. This blastocyst is the
256-celled stage of human embryo that has developed from
2-celled, 4-celled, 8-celled stage and so on. The blastocyst con-
tinues to mature for an additional 24 hours and is ready to
implant into the uterine wall. These preimplantation embryos
are able to develop in synthetic culture media for several days
and are highly adaptable.® Though pluripotency at this blas-
tocyst stage has been studied extensively using various marker
and characterization studies, there is a paucity of studies about
cells at the initial stages of developments. In our study, we used
hESCs that are generated in a culture from a one-time harvest
made at the pre-blastocyst stage. Expendable, fertilized ovum
was taken after a natural IVF cycle and informed consent was
sought from the donor. The cell line thus developed is created
from a single fertilized ovum 24-48 hr after fertilization when
the conceptus is assumed to have reached the 4-16 cell stage.
All the media used in the culture are free from animal contami-
nants and cells of animal origin. The composition of the pres-
ent therapy is simple to prepare and cost effective. The ready
to inject form is easily transportable, scalable and has a good
shelf life. The evidence for the use of hESCs at our facility has
been gathered over a number of years and was accepted as a
written evidence to House of Lords, Regenerative Medicine, Sci-
ence and Technology Committee report.*®

Stem cells have a unique functioning when transplanted. Previ-
ous studies suggest that various factors like chemokines, cyto-
kines, and other growth factors released from the site of injury
attractant the transplanted stem cells. These cells then migrate
to the damage site due to up regulation of selectins and in-
tegrins on their surface, a process called “homing”.3"-4% After
homing at the injured site, the stem cells help in “rescue” and
“replacement” of the injured cells. We assume that the hESC
in our study also acted in a similar way and reached the site
of injury after transplantation. Once there, a trigger of factors
led to their differentiation into the cell type of injured area and
helped in recovery/regeneration.

When we tested our cell line in patients with differing chronic
and life threatening conditions, we got promising results. The
studies from 2002 to 2004 were done to establish the safety
of these cell lines and develop a protocol for using the therapy.
During these years, we did not observe any serious AE associat-
ed with the use of out cell line. Fever and generalized pain were
the most common AEs that we observed after hESC injections.
All the AEs were mild in nature and were observed majorly not
due to hESC transplant per se, but were a direct consequence
of the patient’s illness and were part of the normal course of
the disease. Though not the primary objective, efficacy of the
hESC therapy was promising and we observed a continued
benefit in our patients. Our cell line is a mixture of “neuronal”
and “non-neuronal” cells. The non-neuronal cell lines include
progenitor cells for hematopoietic stem cells progenitors, in-
sulin producing stem cells, mesenchymal stem cell, epithelial
stem cells, hepatocyte stem cell, and cardiac stem cells. The
presence of these two directed cell lines makes them appro-
priate for usage in a wide variety of conditions. In this study,
our patients suffered from different non-curable diseases like
cortico-basal degeneration, SCI, cerebral palsy, corticovisual
impairment, Parkinsonism etc. but the hESCs seemed to have
beneficial effects for all of them. Further, all our patients had
come to us after trying all the conventional treatments without
any improvement.

Now, the protocol of using hESC therapy in patients with dif-
ferent chronic and life threatening conditions has been fully
developed and we have used our therapy in over 1300 patients
over last decade. Till date, we have not observed any serious AE
in our patients. As largely concerned about the usage of hESCs,
we have not observed any teratoma formation in our patients
till date. We did not give steroids or immunosuppressant to our
patients. None of the patient had an immune response. Our
staff is trained to observe any antigenic/anaphylactic response
in the patients.

In conclusion, our hESC cell line is safe for use in humans
afflicted with incurable conditions. We did not observe any seri-
ous AE in our patients. No teratoma formation or immune re-
sponse was observed. We also observed clinical benefits of these
cell lines in all our patients. Future, prospective controlled stud-
ies to substantiate the present study are ongoing.
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