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Abstract

Spinal cord injury (SCI) in the pediatric population is a rare incidence
and has devastating consequences. Cellular transplantation is one of the emerging
strategies in the treatment of SCI. Here, we present a case report of an §-year-old
female who sustained traumatic incomplete SCI at the level of D10-D11 four years
ago. Two years after the accident, she underwent 2 doses of cell transplantation
with autologous bone marrow mononuclear stem cells (BMMNCs) administered
intrathecally (injection into the sub-arachnoid space), followed by intensive neu-
ro-rehabilitation. Over the span of 18 months’ post -cellular therapy, there was im-
provement in the functional status with FIM (Functional Independence Measure)
score improving from 108 to 113. She improved in transfer mobility, static and
dynamic balance in sitting and standing positions, ambulation and activities of daily
living (ADLSs). The bowel and bladder control improvement was significant. There
was a shift from A to B on the American Spinal Injury Association (ASIA) scale.
Spinal Cord Independence Measure (SCIM) score increased from 73 to 96 after the
two cellular therapies. No adverse events related to the transplantation procedure
were observed. This case is a “proof of concept study” based on the fact that trans-
plantation of autologous bone marrow mononuclear cells along with rehabilitation
may augment the recovery processes in patients with chronic traumatic spinal cord
injuries. Further, randomized controlled clinical studies are warranted to prove it’s
the therapeutic efficiency.
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ate the damaged cells and re-establish functional neural connec-
tionst.
In traumatic chronic spinal cord injuries immediate and

Introduction

Spinal cord injury (SCI) in pediatric population is a

rare injury that can result in significant social and psychological
consequences for the child and their family!. Spinal cord injury
invariably results in the loss of neurons and axonal degeneration
at the lesion site, leading to paralysis distal to the lesion, loss
of sensation, neuropathic pain, and bowel/bladder dysfunction
as a result of axonal damage!?. Recovery from SCI is difficult
because the injured spinal cord has a reduced ability to regener-

comprehensive trauma care is important for survival. Long-term
management of chronic SCI focuses on rehabilitation, pain re-
lief, spasticity treatment and prevention of secondary compli-
cations™. Currently no effective treatment exists for the major
neurological deficits of SCI. Cellular transplantation is one of
the promising and pragmatic strategies in the treatment of chron-
ic SCI that aims at reducing cell death, secondary injury and pro-
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moting regeneration and tissue repair at the site of injury®™. We
hereby present a case of an eight year old female, who suffered a
road traffic accident(RTA) in December 2012, leading to chronic
traumatic SCI at the level of dorsal vertebrae D, — D, injected
with autologous ( from the same patient) bone marrow mononu-
clear cell (BMMNC) transplantation intrathecally followed by
neuro-rehabilitation.

Case Report

An 8-year-old female presented with a history of RTA in De-
cember 2012, leading to SCI at the level of D, — D, (dorsal ver-
tebrae). Post RTA, there was a loss of bowel and bladder control,
muscle power and trunk control. She was treated conservatively
with regular physiotherapy at a private hospital leading to com-
plete recovery of her upper limbs. She achieved partial trunk
balance. In June 2014, she had sensation of urine and bowel
movements but there was no voluntary control. She developed a
plateau in her recovery phase below the level of injury even with
regular rehabilitation.

On detailed assessment prior to the cell therapy in Oc-
tober 2014, she exhibited weakness in the lower extremities with
patchy sensations present on both feet including the soles. There
was sensory loss below D, level and in L1- L5 dermatomes.
She was hypertonic with grade 1 spasticity in the plantar flexors.
Hyperreflexia was present in bilateral ankles. Flexor and exten-
sor spasms were also present. Babinski sign (reflex obtained by
stimulating the outside of the sole of the foot, causing exten-
sion of the big toe while fanning the other toes) was positive. An
ill-sustained type clonus was present bilaterally. Static balance
in sitting was fair, whereas dynamic balance was poor. Static
and dynamic balance while standing was poor. She was not able
to walk or stand independently and had poor voluntary control
in the lower extremity joints. She could walk with walker and
KAFO support with assistance. Bowel and bladder sensations
were present with minimum control for up to 1 minute. Func-
tionally, she was partially dependent in most activities of daily
living (ADL).

Thoraco-lumbar spine MRI revealed post traumatic
myelomalacia of spinal cord at D -D, level. Functional MRI
(fMRI) study revealed mild activation of the left parafalcine
motor cortex and few secondary association areas in the right
temporo-parietal lobes. Fibre tractography of spinal cord was
suggestive of increased extracellular edema with reduction in
the number of fibers due to increased extracellular space. She
scored 108 on Functional Independence Measure (FIM) and 73
on Spinal Cord Independence Measure (SCIM). On American
Spinal Injury Association (ASIA) scale, she was at level A (no
sensory or motor function is preserved in the sacral segments
S4-5).

Procedure

She underwent first cellular transplantation in Octo-
ber 2014. The selection of the patient was based on the World
Medical Associations Helsinki declaration®®. The protocol was
reviewed and ethically approved by Institutional Committee for
Stem Cell Research and Therapy (IC-SCRT). The procedure of
cellular therapy was explained in detail to her parents and a duly
filled informed consent was obtained prior to the therapy.

Before the intervention, the patient underwent a com-
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plete evaluation consisting of neurological, psychological and
pre-operative assessment to assess the pre-anesthesia fitness.
Granulocyte-Colony Stimulating Factor (G-CSF) (300 mcg)
injections were administered subcutaneously, 72 hours and 24
hours prior to bone marrow aspiration. On the day of transplan-
tation, 100 ml bone marrow was aspirated from the left anterior
superior iliac spine under local anesthesia, using bone marrow
aspiration needle and was collected in heparinized tubes. The
BMMNCs were separated from the aspirate using density gradi-
ent method. The purified MNCs were tested for total cell count,
viability and CD34" cell content by Fluorescence Activated Cell
sorting (FACS). CD34" count was found to be 3.16 %. The sep-
arated cells were then injected intrathecally at the level between
L4 and LS. Simultaneous intravenous administration of 1 gm
methyl prednisolone in 500 ml of Ringer Lactate solution was
carried out to decrease immediate inflammation and to enhance
the survival of the injected cells. Total number of cell injected
were 9.6 x 107 with 94% viability.

Following the autologous transplantation, she un-
derwent multidisciplinary neuro-rehabilitation. Physiothera-
py consisted of rolling, trunk rotation, assisted bridging, trunk
strengthening exercises, push-ups, bed mobility exercises and
suspension exercises. These were aimed at increasing the trunk
control, strength of the preserved muscles and improving bal-
ance and gait. Occupational therapy aimed at improving the pel-
vic control, bed mobility, transfer techniques, lower extremity
control and balance. Counseling was provided by a psychologist
to cope better with the disease.

The patient was discharged at one week post-transplan-
tation and was advised to continue the rehabilitation at home.
The follow-up assessment was conducted at three and seven
months after the intervention. In view of the improvements ob-
served after the treatment, the patient underwent second cellular
transplantation in May 2015 i.e. 7 months after the first trans-
plantation. The transplantation procedure was replicated in the
second intervention. Total numbers of mononuclear cells inject-
ed were 9.8 x 107 with 96% viability.

Results

Within one week of cellular transplantation, the patient
showed improved sensation in L1 and L2 dermatomes which
was totally absent before. Four months after the 1* cellular trans-
plantation, the static and dynamic standing balance improved
with the help of calipers. She was able perform ADLs inde-
pendently including walking with elbow crutches and putting
the orthoses. She could transfer from chair to bed independently.
Bed mobilities, rolling, supine to sit and sit to stand activities
were evident that was completely absent before. Urinary control
improved. She could now hold urine for up to two minutes and
voluntarily control the urine stream. She was able to ambulate
with minimum support on the parallel bars. The scores on SCIM
increased from 73 to 92 and on FIM from 108 to 113.

At seven months after 1% cellular transplantation, she
was able to climb up the stairs with support. Further improve-
ment in the sitting and standing balance was observed. Transfers
from bed to chair to floor (higher to lower levels) were com-
paratively faster than before. Bladder and bowel control further
improved up to 5 minutes. The static and dynamic balance in sit-
ting and standing positions were maintained. She was now able
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to do tasks like bending down and picking up objects from floor in standing and sitting position, which was difficult for her earlier.
Participation in sports and cultural activities had increased. There were no reports of any falls. fMRI studies showed an increase in
the areas of activation in the bilateral parafalcine motor cortex. There was a shift from A to B on the ASIA scale. The SCIM score
increased to 96. On the Manual Muscle Testing (MMT) scale, the strength in back extensor and lower abdominals increased from
1 to 2++ and 1++ respectively. (Table 1) In our clinical experience, the scoring of the muscle strength using mMRC-MMT was not
sensitive to consider subtle changes in the strength. Therefore, we further subdivided the scale (“Appendix 1), which has been
standardized for all the patients(”.

Table 1: Table showing improvement in the muscle strength through MMT( Manual Muscle Testing) grading before and after the cellular trans-

plantation.
MMT read- | MMT read- | MMT read- | MMT read- | Muscles MMT MMT read- MMT read- MMT read-
ings after 18 | ings after ings after ings before readings 1st | ings after ings after 7 ings after 18
months of 7months of | 3months of | 1st trans- transplanta- | 3months of months of 1st | months of 1st
1st trans- st trans- 1st trans- plantation tion (LEFT | 1st transplan- | transplanta- | transplanta-
plantation plantation | plantation (RIGHT SIDE) tation (LEFT | tion (LEFT tion(LEFT
(RIGHT (RIGHT (RIGHT) SIDE) SIDE) SIDE)
Hip
1+ 0 0 Flexors 0 0 1+
1 0 0 Extensors 0 0 1
2+ 2+ 0 0 Abductors 0 0 1+ 1+
2 1++ 1 0 Adductors 0 0 1+ 2
Knee
0 Flexors 0 0
0 Extensors 0
0 Foot 0
1 1 0 0 Plantar flexor 0 0 1 1
Trunk
3+ 3 2++ 0 Abdomi- 0 2++ 3 3+
nals(Upper)
Abdomi-
++ + + ++
! ! ! ! nals(Lower) ! ! ! !
P o | | Back exten- | | 2 P
sors
3+ 1+ 1+ 0 Quadratus 0 1+ 1+ 3+
Lumborum
Ankle
1 1 1 1 Flexor 1 1 1 1
1 1 0 0 Extensor 0 0 1 1

Based on the above improvements, the patient under-
went 2™ cellular transplantation. The follow-up was conducted
after 10 months of the second cellular transplantation. She could
stand with calipers without an external support and do activities
like drinking, washing hands and upper body dressing. Bilateral
abduction and adduction in the lower limb improved which was
more evident in the right side than the left. Spasticity of grade
2 was observed in glutei, quadriceps (knee extensor), adductors
and plantar flexors. All the other improvements were preserved.
Functional MRI (fMRI) of the brain revealed activation of bilat-
eral motor cortices and increased activation of multiple second-
ary association areas in both cerebral hemispheres as compared
to prior fMRI done. (Figure 1)

Comparative study of pre and post cell therapy fMRI
scan shows increased activation of bilateral motor cortices and
multiple secondary association areas in both the cerebral hemi-
spheres.
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Figure 1: Pre (A) and Post (B) second cellular transplantation fMRI
scan images.
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Discussion

Spinal cord injury in the pediatric population is very
rare and has devastating consequences®. The incidence of spinal
injuries in children is reported to be 2 to 5% of all spine injuries
with motor vehicle accidents being the most common causel®.
Loss of cellular components and myelination that occurs as a
post injury inflammatory process impedes the functional recov-
ery, and adds to regenerative complexity of spinal cord. So far,
medical treatment and rehabilitation have focused on preventing
complications and maximizing residual functional capacities!”.
Cell therapy has emerged as the most promising treatment strat-
egies because it focuses on replacing the lost or damaged cells
with progenitor or stem cells, leading to further axonal growth,
re-myelination of axons, and reduction of neuronal degenera-
tion!'""31. Moreover, pediatric stem cells have been found to have
greater plasticity with high reprogramming efficiency to differ-
entiate into different cell lineages!'?. Through this property cel-
lular therapy attempts to regain maximum functional recovery
which might help the child to lead a better life.

In this case, we administered the patient with autolo-
gous BMMNCs intrathecally. The bone marrow consists of a
heterogeneous population of stem cells, including hematopoi-
etic stem cells (HSCs), mesenchymal stem cells (MSCs) and
endothelial progenitor cells (EPCs)[. Safety of bone marrow
MNCs has been well studied in various clinical trials!"#!*!. The
enormous heterogenous population of stem cells derived from
the bone marrow also offers a great variety of effects from dif-
ferent cell lineage!'®. The administration of autologous cells re-
duces the risk of rejection by the immune system and hence is
more effective than the allogenic cells!'”-'®], Intrathecal route was
used for administration of cells as it is considered to be a more
targeted way of transmission than intravenous".. It was found
that magnetically labeled CD34+ cells were well tolerated and
migrated at the site of injury when administered intrathecally in
SCI subject!2%!,

A multitude of cells have been tested pre-clinically and
clinically to address the multifactorial pathophysiology of SCI.
The postulated mechanism of action is by secretion of anti-in-
flammatory, anti-apoptotic, anti-gliotic molecules and trophic
factors that promote neuronal regeneration, angiogenesis, im-
mune-modulation and protection from apoptotic cell death!,
Bone marrow stromal cells have been found to replace white and
gray matter and act as cellular scaffolds for growing axons and
protect them through neuro-protective immune-modulatory ef-
fect, leading to functional improvements in animal models??>?!,
One of the recent studies showed that human neuronal stem cells
when transplanted into damaged spinal cord of a mouse, gener-
ated new neurons and oligodendrocytes, leading to locomotor
recovery?¥, There are strong evidences in humans concluding
that autologous BMMNCs improve the functional and symp-
tomatic outcomes in patients with chronic cervical and thora-
co-lumbar spinal cord injuries®?2¢. One of the clinical findings
also provides a correlation observed between the implantation
of bone marrow stromal cells, the amount of myelin, enhanced
conduction velocity and the extent of functional recovery??”.

Spinal cord injury (SCI) affects conduction of senso-
ry and motor signals at and around the site of lesion(s). ASIA
score provides a systematic examination of the dermatomes and
myotomes, to determine the affected cord segments by spinal
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cord injury that may help to assess the extent of damage and
recovery?l. The SCIM scale has high clinical relevance for the
rehabilitation for individuals with either traumatic/non-traumat-
ic and complete/incomplete SCI*’!. Meta-analysis and system-
atic review regarding bladder recovery after cellular therapy
demonstrated significant improvements in voiding pressure, re-
sidual urine and non- voiding contraction (NVC) in total 224
SCI patientsP”. Improvement in the sensations at the affected
dermatomes and bladder, as seen in the patient, implies repair
and regeneration process of the damaged myelin sheath. The
strengthening of the abdominals and back extensors improved
balance and lower limb control. A fMRI study of the brain
demonstrated changes to cortical activation patterns following
SCIP, The study provided evidence that the sensory-motor net-
work undergoes dynamic reorganization following SCI, which
was also observed in our patient. In this case the individual ef-
fect of cellular therapy and rehabilitation cannot be assessed.
Many pre-clinical and clinical studies have proved that volun-
tary physical exercise induces precursor cell proliferation there-
by expanding the pool and enhancing the mobilization of pro-
genitor cells that are available for neuro-regeneration®*. The
clinical improvements observed in the subject can be attributed
to the cumulative effect of two cellular therapies and multidis-
ciplinary neuro-rehabilitation, supporting the observation that a
combi—nation of cellular therapy and exercise training results in
significant functional improvement through neuro-facilitation.
There were no adverse events observed in the patient.

The limitation of this case study is that it is a solitary
case and the results cannot be generalised for the population. But
taking into account the chronicity, the patient could serve as a
self- control.

Conclusion

In this particular case study, the functional recovery
had reached a plateau phase with two years of standard rehabil-
itation treatment since the accident in December 2012. But with
cellular therapy along with regular rehabilitation, improvements
were observed even at the chronic stage which can be attributed
to the plasticity of stem cells in the developing spinal cord. The
various mechanism of action of BMMNCs promotes repair and
regeneration in the damaged spinal cord which was evident from
the improvement in the patient. This case is a “proof of concept
study” based on the fact that transplantation of autologous bone
marrow mononuclear cells along with rehabilitation may aug-
ment the recovery in patients with chronic traumatic spinal cord
injuries. To effectively prove the therapeutic benefits of cellular
therapy in paediatric SCI, a multicentre randomized controlled
trial with larger sample size is warranted.

Conflict of Interests: The authors declare that there is no con-
flict of interests regarding the publication of this paper.

J Stem Cell Regen Biol | Volume 3: Issue 1


http://www.ommegaonline.org

Symptomatic Improvement after Cellular Therapy

Appendix 1: Comparison of the grades of the scales mMRC-MMT and mMRC-MMT (I).

m-MRC MMT | Description mMRC-MMT (I) | Description
grade grade
0 No Movement 0 No movement
1 Flicker of contraction
+ 101 rd
A flicker of movement is seen or felt in 1 Musgle movles.the joint through up to 1/3" of the ROM when
1 gravity is eliminated
the muscle
1++ Muscle moves the joint more than 1/3™ less than 2/3" of the
ROM when gravity is eliminated
2- Muscle moves the joint more than 2/3% to less than the full
o o ROM
2 M.us.cle moves the joint when gravity is 2 Muscle moves the joint through complete ROM when grav-
eliminated T
ity is eliminated
2+ Muscle moves the joint up to 1/3 ROM against gravity
. ) |24+ Muscle moves the joint >1/3", <2/3™ of ROM against grav-
Muscle moves the joint against gravity, ity
3- but not through full mechanical range of —
motion 3- Muscle moves the joint more than 2/3™ to less than complete
ROM
. . 3 Muscle moves the joint through complete ROM against
Muscle cannot hold the joint against re- gravity
3 sistance but moved the joint fully against — - — -
gravity 3+ Muscle moves the joint against combination of gravity and
moderate resistance up to 1/3* of ROM
3+ Muscle moves the joint fully against | 3++ Muscle moves the joint against combination of gravity and
gravity and is capable of transient resis- moderate resistance from 1/3" to 2/3* of ROM
tance, but collapses abruptly
4- Same as grade 4, but muscle holds the | 4- Muscle moves the joint more than 2/3% to less than com-
joint only against minimal resistance plete  ROM against combination of gravity and moderate
resistance
4 Muscle holds the joint against a combi- | 4 Muscle moves the joint against combination of gravity and
nation of gravity and moderate resistance moderate resistance though complete ROM
4+ Same as grade 4 but muscle holds the | 4+ Muscle moves the joint against combination of gravity and
joints against moderate to maximal re- moderate to maximal resistance up to 1/3" of ROM
sistance
5- Barely detectable weakness 4++ Muscle moves the joint against combination of gravity and
moderate to maximal resistance from 1/3™ to 2/3* of ROM
(Barely detectable weakness)
5 Normal strength 5 Muscle moves the joint against combination of gravity and

moderate to maximal resistance though complete ROM
(Normal Strength)
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