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Abstract

Background: Spinal cord injury (SCI) is a devastating disease which 
impacts the patient physically, psychologically and financially. Al-
though the pharmacological and non-pharmacological methods are 
used, none of them are able to improve the quality of life permanently. 
Recent advancement in the regenerative medicines has risen a new 
dawn for treatment of SCI.

Method: In the current study, human embryonic stem cells (hESCs) 
were used on pre-diagnosed chronic SCI patients with informed writ-
ten and video consent. The cell lines were cultured and maintained in a 
good manufacturing practice (GMP), good laboratory practice (GLP), 
and good tissue practice (GTP) compliance laboratory which were 
free of animal product and chromosomally stable. The patients were 
scored according to the American Spinal Injury Association (ASIA) 
scale. There were four treatment phases (T1, T2, T3 and T4) with 
gap phases. Patient received 0.25 mL of hESCs through intramuscular 
(IM) route twice daily, 1 mL of hESCs every 10 days through intrave-
nous (IV) route and 1 - 5 mL of hESCs for 5 - 7 days through supple-
mental routes. Magnetic resonance imaging (MRI) tractography was 
performed for all the patients before and after the therapy.

Result: Of 11 patients at the beginning of therapy, seven patients 
were on ASIA score A, one patient was on ASIA score B, two patients 
were on ASIA score C and one patient was on ASIA score D. At the 
end of treatment, three patients moved to lower scale, i.e. ASIA score 
D, two patients to ASIA score C and rest all the patients were on ASIA 
score A. There was a remarkable improvement in the signs and symp-
toms of patients clinically. No adverse event and teratoma formation 
was observed.

Conclusion: hESC therapy showed remarkable improvement in the 
clinical symptoms in SCI patients.

Keywords: Spinal cord injury; Human embryonic stem cells; ASIA 
score; Prospective study

Introduction

Spinal cord injury (SCI) not only impacts the physical, psy-
chological, and social life of patient, but also makes a signifi-
cant impact financially. Approximately, 250,000 to 500,000 
people suffer with SCI globally every year [1]. In India, the 
prevalence of SCI is between 1.85% and 2.19% [2]. According 
to the international standards set forth by the American Spinal 
Injury Association (ASIA), the severity of an injury is catego-
rized as either complete or incomplete. A complete injury is 
defined as the absence of sensory and motor function in the 
lowest sacral segments. If there is some preserved motor and 
sensory function below the level of injury, the case is diag-
nosed as incomplete motor and sensory SCI [3, 4].

There have been several strategies to enhance neurologi-
cal recovery like surgical intervention, physiotherapy, and 
pharmacological interventions but none of these have proven 
to be effective. Generally, high dose of corticosteroids like 
methylprednisolon is used for acute conditions [5]. Latest ad-
vancements in regenerative medicines and neuroscience have 
attracted various researchers towards the novel technologies 
for treating SCI. Ronsyn et al stated that for re-establishing 
the connection between central nervous system (CNS) and 
peripheral nervous system (PNS) replacement of neurons and 
oligodendrocytes will be the key elements [6]. Stem cell trans-
plantation is a promising technology that has the potential to 
replace damaged neurons, re-establish lost axonal connections, 
provide neuroprotection and improve the functional recovery 
after SCI [7, 8]. A review by Lee et al explained that human 
embryonic stem cells (hESCs) have a huge potential for differ-
entiation and can provide neuronal or glial cells for transplan-
tation [9]. Over the past decade, use of embryonic stem cells 
in animal models of SCI has demonstrated beneficial effects 
[10, 11].

The present prospective study evaluated the safety and ef-
ficacy of hESC in patients with SCI. We have previously dem-
onstrated the safety and efficacy of hESC therapy in patients 
with cerebral palsy [12], cortico-visual impairment [13] and 
Friedrich ataxia [14]. We have also reported some patients who 
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benefitted with our hESC therapy [15].

Method

Cell culture and differentiation

The cells are cultured and maintained as per our patented tech-
nology (United States Granted Patent No. US 8592,208,52) in 
a good manufacturing practice (GMP), good laboratory prac-
tice (GLP), and good tissue practice (GTP) compliant labora-
tory. The cell lines are free of animal product and are chro-
mosomally stable. The detailed procedure of cell culture and 
differentiation was elaborated previously [16]. The safety and 

efficacy of these cells has been established in patients with in-
curable conditions [17].

Study population

Thoroughly diagnosed patients with chronic SCI who were 
on traditional therapies like physiotherapy and occupational 
therapy were included in the study. Pregnant, lactating patients 
and patients who were confirmed to receive other forms of cell 
therapies were excluded from the treatment. A written and vid-
eo consent from each patient was taken before initiation of the 
treatment. The whole treatment was supervised by the team of 
external consultants. An external clinical research organization 
(CRO) validated the whole process. The patients were scored 

Figure 1. Tractography images of patients before and after hESC therapy. 
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as per ASIA scale by independent physicians before and after 
the treatment and by the in house doctors and the rehabilitation 
team. The magnetic resonance imaging (MRI) tractography of 
patients was done before and after the treatment (Fig. 1).

Study design

The data of patients with SCI treated with hESC at a single site 
in New Delhi, India were collected prospectively. The study 
protocol was approved by an Institutional Independent Ethics 
Committee (IEC) for stem cell research and therapy of our in-
stitute that reports to the National Apex Committee for Stem 
Cell Research and Therapy (NAC-SCRT).

SCI was defined as damage to any part of the spinal cord 

(> 3 months) that resulted in a change, either temporary or 
permanent, in the cord’s normal motor, sensory, or autonomic 
function. The patients had to undergo a detailed examination 
by the doctors and the rehabilitation team before, during, and 
after each treatment cycle. MRI, tractography and biochemical 
investigations were done for all the patients before the start of 
the treatment and then at regular intervals. A separate team of 
doctors (not involved with patient care) examined the observa-
tions documented by the various teams and further graded the 
patients.

After diagnosis and procedural details, 0.05 mL of hESC 
was injected to the patients subcutaneously (SC) to test the 
hypersensitivity reactions. The study comprised of our treat-
ment phases with gap phases in between. The patients entered 
the first treatment phase (T1, 8 weeks for paraplegics and 12 

Figure 1. Tractography images of patients before and after hESC therapy. - (continued) 
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weeks for quadriplegics) after the hypersensitivity testing. 
During T1, 0.25 mL (< 4 million cells) of hESC was injected 
to patients through intramuscular (IM) route twice daily to 
“prime” body and let the patient’s immune system to accept 
the stem cells. About 1 mL of hESCs (< 16 million cells) was 
injected to patients through intravenous (IV) route for every 10 
days to “home in” the required area. For local action, 1 - 5 mL 
of hESCs was injected to the patients every 5 - 7 days through 
any of the supplemental routes (epidural infusion or injection/
caudal injection, 5 mL subarachnoid injection 2 mL and deep 
spinal injection 1 mL). As the quadriplegic patients take more 
time to recover, the treatment and gap phase duration were var-
ied for paraplegic and quadriplegic patients.

The patients entered into the next treatment phases (T2, 
T3 and T4) after the gap period of 4 - 8 months. The patients 
followed the same dosage regime as that of T1. The duration 
for each treatment phase was 4 - 6 weeks with 4 - 8 months 
of gap phase. Extra doses of hESCs were injected to the pa-
tients through the supplemental routes during the T2, T3 and 
T4 phases. The patients received no steroids and immunosup-
pressants during the treatment.

Results

Patients

Overall, 11 patients (seven paraplegics and four quadriplegics) 
were enrolled. The mean age of the patients was 27 years. The 
average treatment days of hESC therapy were 149 days. The 
days of treatment in T1 were 73 days for quadriplegic patients 
and 62 days for paraplegic patients and the average gap pe-
riod was 122 days for quadriplegic patients and 136 days for 
paraplegic patients. The duration of treatment phases and gap 
phases for all the patients is listed in Table 1.

Change in ASIA impairment scale from admission to 
discharge

Treatment phase 1

Of the patients who entered the T1, seven had ASIA score A, 
two had ASIA score B and two had ASIA score C. At the end 
of T1, three patients discontinued the treatment. No change in 
the ASIA score was observed at the end of the T1. After the 
gap phase, three patients were on ASIA score A, one patient 
was on ASIA score B and four patients were on ASIA score C 
(Table 1).

Treatment phases 2, 3 and 4

After the gap phase, eight patients entered the T2 phase. The 
process of dosing was same as that for T1. Subsequent to the 
T2 phase, only one patient moved from ASIA score B to ASIA 
score C. During the gap phase between T2 and T3, two patients 
moved from ASIA score C to ASIA score D. Thus, at the end 
of T2, three patients had ASIA score A, and five patients had 
ASIA score C.

In treatment phase T3, only six patients continued the 
treatment. Of these, three had ASIA score A, one had ASIA 
score C and two had ASIA score D. There was no change in 
their ASIA score after the end of T3.

After the gap phase, only one patient enrolled for treat-
ment phase T4. The patient was on ASIA score D. At the end of 
T4, the ASIA score of patient remained same (Table 1).

Overall, seven patients were on ASIA score A, two pa-
tients were on ASIA score B and two patients were on ASIA 
score C at the beginning of treatment. At the end of treatment, 
two patients moved to lower scale, i.e. ASIA score D, two pa-
tients to ASIA score C and rest all the patients were on ASIA 

Table 1.  Details of ASIA Score During the Treatment Phases and Duration of Treatment and Gap Phases

Patient No.
ASIA score

Treatment days GAP phase daysT1 T2 T3 T4
Start End Start End Start End Start End

80996 A A B C D D D D 215 207
81191 C C C C D D 127 206
81192 A A 54 0
81193 C C C C 98 93
81194 B B C C 77 85
81196 A A 17 0
81206 A A A A A A 421 170
81215 A A 42 0
81216 A A A A A A 111 320
81223 A A A A A A 190 298
81253 B B C C C C 121 167
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score A.

Radiological examinations

The radiological examinations for all the patients were done 
before and after the treatment (Fig. 1, Table 2). Improvements 
in patients were not clearly understood through the radio-
logical examinations, but the patients showed remarkable im-
provement in clinical signs and symptoms (Table 3).

Safety evaluation

There were no death or adverse events observed during the 
study period. None of the patients reported teratomas forma-
tion during or after the study. No immune reactions were ob-
served. None of our patients were given immunosuppressants.

Discussion

The standard treatment for chronic SCI includes high dose of 
steroids (methylprednisolone) and immunosuppressants. The 
mild therapeutic effect of methylprednisolone is associated 
with number of other side effects [5, 18]. Hugenholtz stated 
that there are no evidence-based standards for the use of high 
dose of methylprednisolone for the treatment of SCI [19]. The 
surgical treatment for SCI patients does not show any improve-
ment between treated and non-treated patients [20]. Thus, very 
few or negligible treatment options are available for patients 
with SCI. Recently, cell-based therapies have shown some 
hope for patients with SCI.

The treatment strategy for patients with SCI includes re-
placement of damaged neural tissues and re-establishing con-
nections between the CNS and PNS [6]. Thus, self-renewal 
and differentiation into multiple cells types would be best 
suited for patients with SCI. hESCs are able to replicate in-

Table 2.  Radiological Examinations of Patients Before and After the Treatment

Patient No.
Radiological examinations (MRI and tractography)

Before After

81191 There were interruption of cord nerve fibers at C6-C7 and 
C7-D1 level; no continuity of fibers was seen at level of  
myelomalacia changes.

There was irregularity of the cord outline at the level of 
myelomalacia change. The fibers continuity at the level of  
cord injury was better visualized.

81193 There was artifactual distortion with non-visualization of 
about two vertebral lengths of the spinal cord at the site of  
injury/metallic plate and screw fixation.

The artifactual distortion seen at C6 and C7 level with 
interrupted visualization of nerve fibers/tracts. No continuous 
bridging of the cranial and caudal ends of the normal cord was  
seen.

81194 The study revealed mild centromedullary hyperintensity 
in spinal cord at D6/D7 disc to D10 vertebral level. 
Fractional anisotropy maps show patchy reduction of FA 
values at D11-D12, D9-D10, D8-D9 and C7-D1 level.

The study revealed mild centromedullary hyperintensity in the 
spinal cord at D6/D7 disc to D10 vertebral level. Compared 
to the fractional anisotropy maps/values there was interval 
increase in the FA values at all levels from D7 to D12 level.

81206 There was marked thinning of the spinal cord at D7 to D12 
level. The conus medullaris is moderately thinned and mild 
centromedullary hyperintensity was seen in the conus. There 
was non-visualization of the fiber tracts in the cord distal to  
D7 level.

There was non-visualization of the fiber tracts in the cord 
distal to D7 level. Marked thinning of the spinal cord was 
observed at D7 to D12 level on sagittal MRI sections. 
The conus medullaris was moderately thinned and mild 
centromedullary hyperintensity was seen in the conus.

81215 There was complete non-visualization of the cord tracts  
with abrupt cut off at the cranial end.

There was partial visualization of the cord tracts in the 
myelomalacia segment, progressively decreasing caudally 
with focal complete non-visualization at C6-C7 disc level.

81216 Ascending and descending white matter tracts were seen 
cephalic and caudal to the myelomalacia segment. At the 
level of myelomalacia cord changes, there was patchy 
visualization of tracts across the length of this segment.

Myelomalacia changes were seen in the spinal cord at lower 
D10 level with focal thinning. Caudal to this, up to D11-D12 
disc level cystic myelomalacia changes were seen with 
expansion of cord contour and linear/irregular gliotic scars on  
the right side.

81223 The dorsal cord showed focal complete interruption of 
nerve fibers/tracts at D9 level with slight in-homogeneity.

The dorsal cord showed focal complete interruption of nerve 
fibers/tracts at the level of cord injury. There was no  
signification interval change in the MRI tractography.

81253 There was visualization of tracts/white matter fibers 
posterior in the myelomalacia segment in less than third of 
the cord AP width. Some focal areas of interruption were 
seen in cranial part of this posterior visualized parenchyma.

There was focal loss of visualization of tracts/white matter 
fibers in lower part of the myelomalacia segment. No 
continuous fiber visualization was seen in the myelomalacia  
segment.
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definitely, differentiate into all three primary germ layers cell 
lines and are karyotypically stable [7]. During the past dec-
ade, a number of studies were conducted in animal models to 
observe the capabilities of stem cells in improving the motor 
functions in patients with SCI. Li et al transplanted the placen-
ta-derived mesenchymal stem cells (PDMSCs) to rat models 
of SCI. They observed a significant improvement in the motor 
and hind limb functions after 3 weeks of study. The Basso, 
Beattie, and Bresnahan scale (BBB) also shifted from 2 to 13 
within the 3 weeks of treatment [21]. Kerr et al studied the hu-
man pluripotent stem cell (hPSC) derivatives transplanted to 
rat models to observe the improvement in the motor functions. 
The author observed significant improvement in the hind limb 
locomotion as compared with controlled animals in 12 weeks 

of study [22].
Sharp et al used hESC-derived oligodendrocyte progeni-

tors (OPCs) in the adult cervical contusion rat models. The 
authors observed that the transplanted hESC-derived OPCs 
survived even after the 9 weeks of study period [23]. Rossi 
et al observed that the transplanted animals had an improved 
functional outcome with an early recovery rate of balance and 
coordination and skilled forelimb movement when human mo-
tor neuron progenitor (hMNP) cells derived from hESCs were 
transplanted in rats with SCI [24]. Besides, the evaluation of 
stem cells over the animal models, some early phase clinical 
trials was performed to check the efficacy of stem cells in SCI 
which yielded mixed results. Yoon et al conducted a non-rand-
omized phase I/II clinical trial to treat SCI with transplantation 

Table 3.  Clinical Status of Patients Before and After the Treatment

Patient No.
Clinical status

Before After
80996 Loss of sensation below level of injury, no bowel/bladder  

sensation, B/L LE spasticity, unable to stand.
Sitting balance improved with good hip flexion range, improved 
sensation of right thigh, walking improved, spasticity reduced, 
and walks with B/L KAFO and walker, core strength improved.

81191 Unable to walk, weakness in right forearm, loss of 
sensation below nipples, no bowel/bladder control, unable 
to sit independently, right hand grip weak, can stand with  
knee gaiters for 3 - 4 min.

B/L LE power improved, intermittent flickers and sensation in 
B/L feet, calves; gait pattern and balance improved, sitting and 
standing balance improved, can crawl, knee sitting with some 
support, deep sensation and light touch improved till thigh.

81192 Cannot move lower limb, cannot sit or stand without 
support, stiffness in lower limbs, and no bowel/bladder  
control.

Walking with KAFO and walker, sitting balance improved, 
trunk control improved, step taking better, uses condom  
catheter, sensation till left hip.

81193 Unable to walk or stand, loss of sensation below nipples, 
weak hand grip, partial bladder sensation but no control, 
no bowel control, abnormal sitting and standing balance.

Feels intermittent singling in B/L LE, stands and walks with 
KAFO calipers, sitting, standing posture and balance improved, 
B/L hand grip improved, feels pressure in lower limbs on  
standing, spasticity reduced.

81194 Patchy sensation below L1 region, partial bowel/bladder 
sensation but no control, poor sitting balance, unable to  
walk or stand.

Sitting balance improved, sensation in legs improved, motor 
strength improved, toe movements present (right > left). Left 
foot movement present, step taking improved, walks with  
KAFO caliper and walker.

81206 Not able to stand or walk, no movement in legs, no 
bowel/bladder control, no sensation below umbilicus.

Walks independently with knee caliper and walker, crawling are 
good, flicker movement in toes, patchy deep sensation present,  
good sitting balance.

81215 No sensation below lower neck, B/L upper limb weak 
grip, no movement in lower limbs, not able to sit without 
support, absent bowel/bladder sensation, bed sores present.

Stands with KAFO calipers and walker, sitting with support of  
ball, sensation same as before, bed sores healing.

81216 Loss of power and sensation in B/L and L/L, loss of 
bowel/bladder sensation, tingling, burning, deep pressure 
felt in B/L lower limb, deep sensation and bladder fullness  
perceived.

Mild flicker movement of toes, ankles (left > right), able to walk 
with walker, knee brace and AFO without any assistance,  
sensation improved.

81223 No motor sensation below the level of injury, bowel/
bladder sensation and control absent unable to stand or  
walk.

Flicker in the B/L knee extensor, sensation improved good 
bowel/bladder sensation, stands and walks KAFO walker, core  
strength improved.

81253 No superficial sensation below injury level, no sensation in 
ankle and toes, hand grip weak, can stand on knee braces, 
cannot walk, full bowel/bladder sensation but no control.

Able to walk with KAFO and Walker and with little support, 
sitting and standing balance improved, right leg sensation 
improved, flicker movements in B/L lower limb muscles, toes  
and ankles, right side sweating present in upper body.

KAFO: knee-ankle-foot orthosis; AFO: ankle-foot orthosis; LE: lower extremity; B/L: bilateral.
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of bone marrow cells. They observed a significant change in 
the ASIA score of the patients in acute and sub-acute treatment 
group. No improvement was observed in patients of chronic 
treatment group [25]. Mackay-Sim et al conducted a 3-year 
clinical trial in 12 paraplegic patients. They transplanted the 
olfactory ensheathing cells (OECs) through multiple routes. 
They found no changes in the ASIA score after 3 years. There 
was no improvement in the neurological and functional level 
of any patient [26]. Lima et al performed a pilot scale clinical 
study in seven patients of chronic SCI. They transplanted the 
OEC to the SCI patients through surgical mode. The authors 
found significant changes in the MRI observations and ASIA 
score. The bowel and bladder movement of patients were also 
improved [27].

We have previously reported improvement in some of 
our patients with SCI after undergoing hESC therapy [15]. In 
another study, we have reported improvement in bowel and 
bladder sensation and control in our patients with SCI [28]. 
We did not include patients with acute SCI in our study to rule 
out the natural recovery of disease. All our patients had SCI 
for more than 3 months and had not benefitted from any other 
treatment. Previously, Bretzner and his colleagues have also 
stated that chronic SCI patients are more acceptable patients 
for hESC-derived transplantations as compared to acute SCI 
patients. These patients are “less likely to suffer opportunity 
costs from study participation” which is an important ethi-
cal consideration when “knowledge value”, not “therapeutic 
benefit”, motivates the research [29]. Our study included treat-
ment phases (T1, T2, T3 and T4) separated by gap periods in 
between. From our prior experience with hESCs, we observed 
that treatment period of > 8 weeks for paraplegic patients and 
> 12 weeks for quadriplegic patients did not yield any better 
results. All organs develop within 14 - 16 weeks of gestation 
during embryonic development in humans [30]. On this basis, 
a gap phase of 4 - 6 months was included between out treat-
ment periods to allow hESCs to grow, repair and regenerate 
the affected area.

Studies have suggested that mesenchymal stem cells 
(MSCs) have the homing capability because of their thera-
peutic effect at the injured or inflamed tissue. The role of 
chemokines, growth factors, cytokines, transforming growth 
factors (TGF)-β1, and tumor necrosis factors (TNF)-α regu-
lated the migration of MSCs to the injured tissue. They induce 
the upregulation of selectins and activate the integrins present 
on the stem cells [31]. Melief et al suggested the probable 
mechanism of action of MSCs. According to them, the effect 
of MSCs may be observed by the regulatory T cells. MSCs 
release the TGF-β, which serve as a growth factor for the regu-
latory T cells. The regulatory T cells increase the levels of IL2, 
IL10, CCL18 and prostaglandin E2 via different pathways and 
play an important role in reconciling inflammation and tissue 
repair [32]. In our patients with SCI, the hESCs could have 
followed the same route from site of injection to the site of 
action and helped in regeneration of the injured tissue. How-
ever, re-establishing the lost axonal connections after recovery 
takes more time and the new tissues have to gain their func-
tionality. We also used supplemental routes to administer SCI 
to augment recovery as proximity to the injured site helps in 
faster migration and recovery. Previously, Eggenhfer et al have 

shown that the route through which MSCs were administered, 
influenced their potential to migrate and home at the site of in-
jury [33]. Further, our hESCs are very small in 0.5 - 2 µm and 
thus could easily penetrate the body tissues and aid in recovery.

We did not observe any serious adverse event after the 
hESC therapy. No immunosuppressants were given to our pa-
tients. Our patients showed remarkable clinical recovery and 
the improvements were also evident in the radiological reports 
after the therapy. However, our study is limited by a small 
sample size.

Conclusion

In conclusion, hESC transplantation in patients with SCI is 
safe and effective and helps improve the clinical condition of 
the patients. hESC therapy may present a significant advance-
ment in the treatment and rehabilitation of patients with SCI. 
Future, clinical studies are needed to fully clarify the role and 
benefit of hESC therapy in patients with SCI.
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