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ARTICLE

Human Embryonic Stem Cell Therapy in Chronic Spinal
Cord Injury: A Retrospective Study

G Shroff

Human embryonic stem cells (hESCs) have a role in treating neurological disorders. The efficacy and safety of hESC in treating
spinal cord injury (SCI) was reported in our previous study. In the present study, we have evaluated the efficacy and safety
of hESC therapy in 226 patients with SCI. In the first treatment phase (T1), 0.25 mL hESCs were administered intramuscularly
twice daily, 1 mL every 10 days i.v., and 1–5 mL every 7 days. Of 153 patients in the American Spinal Injury Association (ASIA)
scale A at the beginning of T1, a significant number of patients (n = 80; 52.3%) moved to lower scales at the end of T1 (p =
0.01). At the end of T2, of 32 patients in ASIA scale A, 12 patients (37.5%) moved to scale B (p= 0.01). Of 19 patients, 3 patients
(37.5%) moved to scale B at the end of T3 (p = 0.02). No serious adverse events (AEs) were observed. hESC transplantation is
safe and effective.
Clin Transl Sci (2016) 9, 168–175; doi:10.1111/cts.12394; published online on 3 May 2016.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
✔ hESC therapy is viewed as a therapy with huge poten-
tial benefits but largely remains untapped because of antic-
ipated AEs. Presently, the use of this therapy is in exper-
imental stage and the US Food and Drug Administration
has approved clinical trials for hESC therapy in the United
States.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔ The study used hESC therapy in patients with SCI
for the very first time. The hESCs used have been

well-characterized and used in ready-to-inject form using
patented technology.
WHAT THIS STUDY ADDS TO OUR KNOWLEDGE?
✔ The study reports that the hESC therapy can be used
for patients with SCI and other incurable conditions.
HOW THIS MIGHT CHANGE CLINICAL PHARMACOL-
OGY AND THERAPEUTICS?
✔ This therapy can be revolutionizing in the treatment of
patients with SCI. The therapy is simple to use, has negli-
gible AEs, is scalable, and reproducible.

Spinal cord injury (SCI) is a challenging neurological injury
and is associated with permanent disability and decreased
life expectancy.1 The complex series of pathological events
involved in SCI result in long-lasting locomotor and sensory
neuron degeneration below the injury.2 A recent review of
epidemiology of SCI in developing countries reported the
incidence to be 25.5 million cases/year.3 In India, approx-
imately 1.5 million people live with SCI and 10,000 new
cases add to this group every year.4 Neurological recovery
in patients with traumatic SCI, as evaluated with American
Spinal Injury Association (ASIA) scale A, is low (6–13%) and
only about 2.1% of the patients have been reported to gain
any functional strength.5,6 There have been several strategies
to improve neurological recovery, such as surgical interven-
tion, physiotherapy, and pharmacological interventions, but
none of these have proven to be effective.
Replacement of damaged neural tissue (neurons, oligo-

dendrocytes), enhancement of endogenous neural regenera-
tion (by providing neurotrophic factors or by blocking growth-
inhibiting signals), and modulation of the inflammatory
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response after SCI are the key elements in restoring func-
tion after SCI.7 Stem cell transplantation is a promising
technology that has the potential to replace damaged neu-
rons, reestablish lost axonal connections, and provide neu-
roprotective factors to allow for healing and recovery after
SCI.

Human embryonic stem cells (hESCs) have a huge poten-
tial for differentiation and can provide neuronal or glial cells
for transplantation.8–10 A number of studies conducted in
animal models has observed hESC-derived cells to be able
to differentiate into mature oligodendrocytes and neurons
in patients with SCI. Lukovic et al.2 suggested that the
oligodendrocyte progenitors (OPCs) are able to “rescue” the
locomotor activity because of the presence of heteroge-
neous cell types or multiple character of transplanted pro-
genitors. Erceg et al.11 observed that locomotor function
was significantly enhanced in adult rats transplanted with
hESC-derived OPC and/or motor neuron progenitors. Fur-
ther, these progenitor cells migrated and differentiated into
mature cells showing in vivo electrophysiological activity.11
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Kakinohana et al.12 reported that hESC-derived neural pre-
cursors when transplanted to ischemia-injured lumbar spinal
cord in rats or in naive immunosuppressed minipigs induced
proliferation of embryoid bodies. These animals survived
for 2 weeks to 4.5 months after hESC transplantation and
the presence of grafted cells was confirmed after staining
spinal cord sections with a combination of human-specific
(hNUMA, HO14, hNSE, and hSYN) or nonspecific (DCX,
MAP2, CHAT, GFAP, and APC) antibodies.
Sharp et al.13 used hESC-derived OPCs in the adult cer-

vical contusion rat models. The authors in the 9-week study
period observed that the transplanted hESC-derived OPCs
survived, localized to the injury site, andwere able to differen-
tiate retaining their phenotype. The forelimb locomotion was
significantly improved after transplantation. Cui et al.14 trans-
planted embryonic stem cells as substrate adherent embry-
onic stem cell-derived neural aggregates and observed an
increased neuronal differentiation and neurite outgrowth and
decreased astrocytic differentiation.
Cloutier et al.15 studied the survival and migration of OPCs

derived from hESC in contusive SCI and locomotor out-
come of transplantation in the rat model. They observed
that the OPCs survived and migrated to the injury site when
analyzed 2 months after implantation. Further, they did not
observe histopathological changes or a decline in locomo-
tor function. They suggested the use of OPCs derived from
hESCs as a therapeutic strategy for human SCI.15 Perrotta
et al.16 transplanted human motor neuron progenitor cells
derived from hESCs in rats with SCI. They observed that the
transplanted animals had an improved functional outcome
with an early recovery rate of balance and coordination and
skilled forelimb movement.16 A number of other studies have
also demonstrated the “rescue” and “replace” capabilities of
hESC in animal models.17–21

We recently reported a remarkable clinical improvement in
11 patients with SCI treated with hESC therapy in a prospec-
tive study.22 We have also reported the safety and efficacy of
hESC therapy in patients with cerebral palsy, cortico-visual
impairment, Friedrich ataxia, Lyme disease, spinocerebellar
ataxia, and Duchenne muscular dystrophy.23–28 In this paper,
we present the retrospective evaluation of our patients with
SCI treated with hESC therapy.

METHODS
Cell culture and differentiation
An in-house patented technology in a Good Manufactur-
ing Practices (GMP), Good Laboratory Practices (GLP), and
Good Tissue Practices (GTP) compliant laboratory at Nutech
Mediworld (Patent-WO 2007/141657A PCT/1B 2007 pub-
lished 13 December 2007) was used for culture and mainte-
nance of hESCs. The cell lines were free of animal products
and chromosomally stable. The process of cell culture and
characterization was elaborated previously.23 The safety and
efficacy of our cell line has been established and reported
elsewhere.29

Study population
Inclusion and exclusion criteria
Patients with a documented diagnosis of SCI elsewhere of
>3 months before the start of therapy were included in this

study. All these patients had undergone other treatment(s)
(such as physiotherapy, occupational therapy, etc.) before
coming to our center.
The patients with acute SCI were excluded to rule out

results of the natural ability of the body to repair. Patients who
were pregnant, lactating, or confirmed to have received other
forms of cell therapies within the last 12 months of treat-
ment were not accepted. All the patients providedwritten and
video informed consent before the start of the treatment.

Study design
The data of a single cohort of patients with SCI treated with
hESCs conducted during 24 May 2005 to 31 August 2012 at
a single site in New Delhi, India, were collected retrospec-
tively. An independent ethics committee approved the study
protocol. The institutional committee for stem cell research
and therapy of Nutech Mediworld reported all the work with
respect to embryonic stem cells to the National Apex Body
and the Indian Council of Medical Research.
In the initial 2 years (2002–2004), the safety of hESC ther-

apy was assessed in 33 patients (not included in this anal-
ysis) with various incurable diseases.29 Thereafter, efficacy
of the therapy, dose schedule, and protocol for administra-
tion of hESCs and therapy schedule were established in a
pilot study conducted on 72 patients. Thereafter, a study (val-
idated by GVK Biosciences) was done on 108 patients with
SCI that verified the safety and efficacy of hESC in patients
with SCI (not included in the present analysis). The present
study with 226 patients with SCI was undertaken after these
two studies. The same protocol was followed in the group of
patients analyzed in this study.
The study was performed under proper supervision of a

team of physicians that included external consultants and
validated by an external clinical research organization. The
patients were scored as per ASIA scale30 by independent
physicians before and after the treatment and by the in-house
physicians and the rehabilitation team.
After confirmation of diagnosis, the patients were tested

for hypersensitivity reactions with hESCs (0.05 mL hESC
injected subcutaneously). The study consisted of three treat-
ment phases with gap phases in between. The treatment
phases were separated by gap periods so that the hESCs
could grow, repair, and regenerate the affected part.
After the hypersensitivity testing, the patients entered the

first treatment phase (T1, 8 weeks for paraplegics and 12
weeks for quadriplegics); wherein 0.25 mL (<4 million cells)
hESCs were administered through i.m. route twice daily to
“prime” the body and allow for the recipient immune sys-
tem not to reject the stem cells. Additionally, 1 mL hESCs
(<16 million cells) were administered every 10 days through
i.v. route to “home in” to the required area and for systemic
reach. To introduce the stem cells as close to the injured site
as possible (local action); 1–5 mL hESCs (depending on the
route of administration) were administered every 5–7 days
by any of the supplemental routes (Figure 1). The duration of
treatment and gap phases varied in quadriplegic patients and
paraplegic patients as quadriplegic are generally more diffi-
cult to treat.31 After a gap period of 4–8 months, the patients
entered the subsequent treatment phases (second-T2 and
third-T3) in which they were administered the same dosage
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Figure 1 Study design. hESC, human embryonic stem cells.

regime as T1. Each treatment phase lasted 4–6 weeks and
was 4–8 months apart. In T2 and T3, an additional dose of
hESCs was administered through any of the supplemental
routes.
No immunosuppressants were given to the patients. All the

patients received physiotherapy and/or occupational ther-
apy in addition to hESC therapy. The rehabilitation focused
on overall improvement of the patient and mobilization of
the patient was performed using different ambulatory aids
depending on the requirement (e.g., a patient with paraple-
gia was made to stand with full support on a hip-knee-ankle-
foot orthosis (HKAFO) and as connectivity was regained, the
support was reduced to knee-ankle-foot orthosis (KAFO),
then knee brace and ankle support, and then just ankle sup-
port. The walking aids also reduced frommanual support and
walker to just walker, to crutches, then to walking stick, and
finally to no aid.
The patients had to undergo a detailed examination by the

physicians and the rehabilitation team before, during, and
after each treatment cycle. All the patients had their condition
videographed before, during, and after the treatment periods
and had their radiological examination (magnetic resonance
imaging [MRI] and lately tractography) done elsewhere and
biochemical investigations done before the start of the treat-
ment and then at regular intervals. They were referred back
to their own neurologists and were reviewed by an external

neurologist. A separate team of physicians (not involved with
patient care) examined the observations documented by the
various teams and further graded the patients.

Assessment
Each patient was assessed at admission to determine the
pretherapy status of the patient. The percentage of patients
with changes or no changes were calculated after each ses-
sion of the therapy and reported. Statistical tests or tests of
significance were performed.

Data validation
The data for all the patients were validated by Moody’s
International (document number NH-hESC-10-1), GVK Bio-
sciences (NM-Hesc-10-1, 18 November 2010), and Qual-
ity of Austria Central Asia Pvt. Ltd. Accreditation Company
(document number QACA/OCT/2013/26). These companies
examined the medical and statistical data present at the
institute and met the patients.

Statistical analysis
Descriptive statistics were performed to summarize data.
SPSS software version 19.0 (IBM Corporation, Armonk, NY)
was used for the data analysis. Chi-squared test was used to
compare AIS score at baseline and at the end of the therapy.
A p value of < 0.05 was considered significant.

Clinical and Translational Science
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Table 1 Change in American Spinal Injury Association scales of patients (overall) from admission to discharge at the end of each treatment period

End of the treatment

ASIA scale

Baseline characteristics A; no. (%) B; no. (%) C; no. (%) D; no. (%) E; no. (%) p value

T1 (n = 226) 0.02

A (n = 153) 73 (47.7) 23 (15) 57 (37.3) – –

B (n = 32) – 18 (56.3) 13 (40.6) 1 (3.1) –

C (n = 36) – – 31 (86.1) 5 (13.9) –

D (n = 5) – – – 2 (40.0) 3 (60.0)

T2 (n = 58) 0.01

A (n = 32) 20 (62.5) 12 (37.5) – – –

B (n = 9) – 7 (77.8) 2 (22.2) – –

C (n = 17) – – 17 (100) – –

T3 (n = 19) 0.02

A (n = 8) 5 (62.5) 3 (37.5) – – –

B (n = 4) – 4 (100) – – –

C (n = 7) – – 6 (85.7) 1 (14.3) –

ASIA, American Spinal Injury Association.

RESULTS
Patients
A total of 226 patients (paraplegic = 136, quadriplegic
= 90) with SCI were included in the study. Overall, 203
patients had SCI because of trauma and 23 because of other
miscellaneous causes, like transverse myelitis (n = 4), Potts
spine (n = 7), tumors (n = 3), and contusion (n = 9).
Themajority of these patients weremen (167; 73.9%) and the
mean age was 28 years (range, 20–34 years). Among para-
plegic patients, 124 had complete injury, whereas among the
quadriplegic patients, 71 had complete injury. The average
days of treatment in T1 was 73 days for quadriplegic patients
and 62 days for paraplegic patients, and the average gap
period was 122 days for quadriplegic patients and 136 days
for paraplegic patients.
All the patients started intensive dosing and 50 patients

were present in all the study periods. Overall, the patients
who discontinued the study because of various reasons cited
as personal status and financial reasons (39%), satisfaction
with their progress and cure (32%), not satisfied with their
progress (5%), and returned for treatment after a long gap
(24%) (i.e., after 31 August 2012, these patients were not part
of this analysis).

Efficacy evaluation
Change in ASIA impairment scale from admission to
discharge
Change in ASIA impairment scale from admission to dis-
charge at the end of each treatment period is presented in
Table 1. Of 153 patients in ASIA scale A at the beginning of
T1, a significantly higher number of patients (n = 80; 52.3%)
moved to lower scales at the end of T1 (p = 0.02). At the
beginning of T2, 32 patients were in ASIA scale A, of these,
20 patients remained in scale A and 12 (37.5%) moved to
lower scales by the end of T2 (p = 0.01). Of 19 patients at
the start of T3, 8 patients were in ASIA scale A. At the end of
T3, 3 of these patients (37.5%) moved to scale B (p = 0.02).
The improvement in scales at the end of T1 and T2 is shown
in Figure 2.

Figure 2 Overall change in American Spinal Injury Association
(ASIA) scale at the end of treatment phase 1 and 2.

At the end of T1, 45% of the patients improved by at
least one ASIA grade. At the end of T2, 58% of the patients
improved by at least one ASIA grade, and at the end of T3,
70% of the patients improved by at least one ASIA grade
(Table 2).
We could do MRI scans for 65 of our patients and trac-

tography for 25 patients before and after the therapy. The
improvements were observed in the magnetic resonance
tractography images of these patients taken before and after
the therapy (Figure 3a, b).

Paraplegics and quadriplegics
Among 136 patients with paraplegia, 97 patients were in
ASIA scale A at the beginning of T1. Of these, a significant
number of patients (52; 53.6%) moved to lower scales by
the end of T1 (p < 0.05). Of 64 patients with paraplegia at
the beginning of T2, 22 patients were in ASIA scale A. At the
end of T2, 9 patients (40.9%) moved to scale B. At the end
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Table 2 Change from baseline to last period in total American Spinal Injury
Association scores by extent and level of injury

ASIA grades

Study period Results No. of patients (%)

End of T1 (n = 226) Improved by 1 ASIA scale 102 (45)

Stationary 124 (55)

Not improved –

End of T2 (n = 58) Improved by 1 ASIA scale 62 (58)

Stationary 44 (42)

Not improved –

End of T3 (n = 19) Improved by 1 ASIA scale 35 (70)

Stationary 15 (30)

Not improved –

ASIA, American Spinal Injury Association.

of T3, of 5 patients in scale A, 2 (40%) patients moved to
scale B.
Among quadriplegic patients, 28 patients (50%) showed

an improvement in scales and shifted from scale A to lower
scales at the end of T1 (p > 0.05). Of 10 patients in scale A at
the beginning of T2, 3 patients (30%) improved and moved
to lower scales. Of 3 patients in ASIA scale A before T3,
1 patient (33.3%) moved to scale B at the end of T3.

Gender wise analyses
Of 59 women in the study, 32 were in ASIA scale A at the
beginning of the study. At the end of T1, 13 were in ASIA scale
A and the rest moved to lower scales. Among 167 men, 121
were in ASIA scale A at baseline. At the end of T1, almost half
(n= 60) of the patients remained in ASIA scale A and another
half moved to lower scales. The improvement in scales at the
end of T1, T2, and T3 is shown in Table 3. Gender was not a
significant factor in the state of efficacy of the SCI cases.

Safety evaluation
There was no death or serious adverse events (AEs) observed
during the entire study period. No teratoma formation was
observed in the patients during or after the study. The
adverse events observed during each treatment period are
tabulated in Table 4. Mild fever was the most frequent AE
observed during the study that resolved without sequel.

DISCUSSION

During the past 2 decades, cell-based therapies for SCI have
been researched in several studies. Replacement of dam-
aged neural tissues and reestablishing connections between
the central and peripheral nervous system is vital for the
treatment strategy for patients with SCI. Thus, the cells hav-
ing a potential of self-renewal and differentiating into multiple
cell types would be best suited for patients with SCI. hESCs
are able to replicate indefinitely, differentiate into all three pri-
mary germ layers cell lines, and are karyotypically stable.8,9,32

A few studies have reported use of stem cell therapy in
human patients with SCI. Park et al.33 performed autologous
bone marrow cell transplantation at the injury site in con-
junction with the administration of granulocyte macrophage-
colony stimulating factor in five patients with complete SCI
and followed up for 6–18 months. Overall, three patients

Figure 3 (a) Magnetic resonance (MR) tractography of a patient
before receiving human embryonic stem cell (hESC) therapy. (b)
MR tractography of a patient after receiving hESC therapy.

improved from ASIA scale A to C, one improved from ASIA
scale A to B, and one did not show any notable improvement.
None of the patients showed any serious complications.33

Lima et al.34 transplanted olfactory mucosa autografts in
seven patients (range, 18–32 years) with ASIA scale A SCI.
They observed an improvement in ASIA scale in every patient
and two of the patients moved to ASIA scale C at the end of
the treatment. In another study, a 37-year-old female patient
with SCI was transplanted with HLA-matched human cord
blood cells at the site of injury. The investigators observed
an improved sensory perception and movement in the hips
and thighs of the patient 41 days after the transplantation.

Clinical and Translational Science
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Table 3 Change in American Spinal Injury Association scales of patients (gender wise) from admission to discharge at the end of each treatment period

No. of patients

At the end of treatment phase

Gender Treatment phase Admission A; no. (%) B; no. (%) C; no. (%) D; no. (%) E; no. (%)

Women T1 (n = 59) A (n = 32) 13 (41) 7 (22) 12 (38) – –

B (n = 10) – 7 (70) 2 (20) 1 (10) –

C (n = 15) – – 14 (93) 1 (7) –

D (n = 2) – – – 1 (50) 1 (50)

T2 (n = 23) A (n = 4) 2 (50) 2 (50) – – –

B (n = 6) – 4 (67) 2 (33) – –

C (n = 12) – – 12 (100) – –

D (n = 1) – – – – 1 (100)

T3 (n = 11) A (n = 1) 1 (100) – – – –

B (n = 4) – 3 (75) 1 (25) – –

C (n = 6) – – 5 (83) 1 (17) –

Men T1 (n = 167) A (n = 121) 60 (50) 16 (13) 45 (37) – –

B (n = 22) – 11 (50) 11 (50) – –

C (n = 21) – – 17 (81) 4 (19) –

D (n = 3) – – – 1 (33) 2 (67)

T2 (n = 83) A (n = 28) 18 (64) 10 (36) – – –

B (n = 16) – 16 (100) – – –

C (n = 39) – – 39 (100) – –

T3 (n = 39) A (n = 7) 4 (57) 3 (43) – – –

B (n = 12) – 12 (100) – – –

C (n = 20) – – 20 (100) – –

Regeneration of the spinal cord at the injured site was
observed in computed tomography and MRI scan.35

Although such smaller studies have been conducted in
the past, no clinical trials have been conducted so far. The
first and only phase I human clinical trial using hESC for
patients with SCI, popularly referred to as the Geron trial
was conducted in 2009 but was discontinued because of
financial constraints.36 OPCs derived from Geron’s protocol,
GRNOPC1 were efficient in rat models of thoracic and cer-
vical SCI. These cells contained animal components, such
as B27 supplement or matrigel.36 Recently, the US Food and
Drug Administration gave approval for a clinical trial to Aste-
rias Biotechnology of Menlo Park for the use of hESC in SCI.
This company had bought the rights of Geron to conduct trial
with hESC in humans.37 Lukovic et al.36 recommended that
the hESCs transplantation protocols should encourage the
use of human material as animal components carry a risk of
xenogeneic pathogen cross transfer.
The present study is the first of its kind to demonstrate

adequate efficacy of hESC in patients with SCI with a good
tolerability profile. Our patients gained voluntary movement
of the areas below the level of injury. We also observed an
improvement in bladder sensation and control; bowel sen-
sation and control as well as the gait and hand grip.38 The
MRI scan and tractography images taken before and after
the therapy of our patients also confirmed the improvements
observed. We did not observe any difference in the response
to therapy between men and women with SCI.
The hESCs used in our study have been derived and char-

acterized using an in-house patented technology. The hESCs
are generated in a culture from a one-time harvest made
at the preblastocyst stage. Thus, the cell line developed is

Table 4 Adverse events observed during each treatment period (safety
population)

AE parameter; no. T1 (n = 226) T2 (n = 106) T3 (n = 50)

Total AEs; no. (%) 57 (25.2) 9 (8.5) 6 (12)

Fever 23 3 1

Headache 15 5 3

Loose motions 3 – –

Abdominal pain 2 – 1

Constipation 2 – –

Itching 2 – –

Pain 2 – –

Fever and headache 1 – –

Fever, anorexia, and hematuria 1 – –

Headache and vomiting 1 – 1

Headache and vertigo 1 – –

Weight loss 1 – –

Nausea 1 1 –

Redness and itching 1 – –

Acidity 1 – –

AE, adverse event.

created from a single fertilized ovum 24–48 h after fertiliza-
tion when the conceptus is assumed to have reached the
4–16 cell stage.39 All the media used in the culture are free
from animal contaminants and cells of animal origin. The
compositions of the present therapy are simple to prepare
and cost-effective. The ready to inject form is easily trans-
portable, scalable, and has a good shelf life (about 6 months
in a temperature-controlled environment). The evidence for
the use of hESCs at our facility has been gathered over a
number of years and was accepted as written evidence to
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House of Lords, Regenerative Medicine, Science, and Tech-
nology Committee report.40

We used a validated treatment protocol for our patients
that included treatment phases (T1, T2, and T3) separated
by gap periods in between. The protocol was based on
our prior experience with hESCs, as we observed that
treatment period of >8 weeks for paraplegic patients and
>12 weeks for quadriplegic patients did not yield any better
results. During embryonic development in humans, all organs
develop within 14–16 weeks of gestation.41 We included a
gap phase of 4–6 months between out-treatment periods
to allow hESCs to grow, repair, and regenerate the affected
area, keeping in view the time taken by embryonic cells in
utero to develop to organs. Previous studies suggest that
various factors, like chemokines, cytokines, and other growth
factors, are released from the site of injury that act as attrac-
tants to the stem cells. The stem cells then migrate to the
damage site because of upregulation of selectins and inte-
grins on their surface. This homing action has also previ-
ously been described for mesenchymal stem cells and in
experimental models of acute liver failure.42–45 Thus, stem
cells do not persist at the injection site but make their way
to the injured site and help in recovery/regeneration of the
injured tissue or help in “rescue” and “replacement” of injured
cells. In our patients with SCI, the hESCs could have fol-
lowed the same route from the site of injection to the site
of action and helped in regeneration of the injured tissue.
However, reestablishing the lost axonal connections after
recovery takes more time and the new tissues have to gain
their functionality. In the majority of the cases, the process
is rarely complete (as the patients have a chronic condi-
tion) and it might take more than 2 years for a person with
SCI to start walking with support after hESC therapy. In a
recent 18 months study conducted on four dogs with SCI,
authors transplanted mesenchymal stem cells obtained from
the bone marrow of the dogs were injected at the site of
injury. The authors could observe a continuous clinical recov-
ery in these animals even up to 18 months after administra-
tion of mesenchymal stem cells. This indicated that the clin-
ical improvements observed in their study could be due to
the interaction between engrafted mesenchymal stem cells
and endogenous spinal cord derived factors.46 The improve-
ment in our patients was reflected in the MRI and tractogra-
phy reports that showed regeneration of the lost axonal con-
nections. Fear of teratomas and immune rejection hinder the
use of hESC therapy. However, none of the patients in our
study had teratoma or an immune response. We did not give
steroids or immunosuppressants to our patients. The AEs
observed in the present study were mild and resolved with-
out any sequel. Headache and fever were the common AEs
observed during the study. It has been reported previously
that inadvertent dural puncture can lead to the post dural
puncture headache.47 We started using hESCs for treatment
first in the year 2002 and our first patient received only four
doses of hESCs in that year. No AEs was observed in this
patient until 2004 and the patient benefitted remarkably.29

The therapy was made available for other patients with SCI
and other terminal and life-threatening conditions only after
adequate safety and efficacy observations. The early access
to medicine scheme encourages products for treatment of

life-threatening conditions or diseases for which therapy is
not available to improve access on an unlicensed or off-
label basis.48 The results of the present study have given a
new ray of hope to patients with SCI. However, apart from
the shortcomings of a retrospective compilation, the find-
ings of the study have certain interpreting challenges. We
considered all the patients for analyses, irrespective of the
level and extent of injury. Further, the number of patients
decreased during the subsequent treatment phases and thus
limited the study to three treatment cycles to allow for a
substantial number of patients. Nevertheless, given the
improvement shown by our patients, we propose that the
transplantation of hESC in patients with SCI presents a
unique opportunity to address this huge unmetmedical need.

CONCLUSION

SCI causes permanent disability and largely affects the
everyday working of the affected patients. Even small clin-
ical improvements in such patients could help them live a
better life. In our patients with SCI, hESC transplantation
was safe and effective and helped improve their clinical con-
dition. hESC therapy may present a significant advance in
the treatment and rehabilitation of patients with SCI. Further,
prospective controlled studies with control groups would
give a better clarity on the use of hESC in patients with SCI.
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