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Abstract

Background: Amyotrophic Lateral Sclerosis (ALS) is a rapidly progressive neurodegenerative disorder which has a fatal prognosis.
The primary pathology is loss of motor neurons in the brain and spinal cord. Recently cellular therapy has been studied for ALS in
various animal models and has emerged as potential therapeutic modality. Autologous bone marrow mononuclear cells (BMMNCSs)
have been studied and found to be ethical, safe and feasible.

Case Report: We present a detailed case report of 41 years old female diagnosed with amyotrophic lateral sclerosis since 3 years. She
was given intrathecal autologous bone marrow mononuclear cell therapy combined with riluzole, neurorehabilitation and 6 weeks
of lithium. On the outcome measures, Amyotrophic Lateral Sclerosis Functional Rating (ALSFRS-r) score increased from 29 to 32 and

Functional Independence Measure (FIM) score increased from 48 to 64.

Conclusion: The highlight of the case study is halting of disease progression with symptomatic improvements over a period of 12
months after intervention.

Keywords: Amyotrophic Lateral Sclerosis (ALS); Stem cells; Cellular therapy; Autologous Bone Marrow Mononuclear Cells (BMMNC-
Ss) transplantation; ALSFRS-r; FIM
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Abbreviations: NRRT: Neuro regenerative rehabilitative therapy; BMMNCSs: Bone marrow mononuclear cells; ALS: Amyotrophic
lateral sclerosis; mMRC-MMT: modified medical research council’s manual muscle testing; mMRC-MMT (I): revised modified medical
research council’s manual muscle testing; EMG: Electromyography; IC-SCRT: Institutional committee for stem cell research and therapy;
G-CSF: Granulocyte colony stimulation factor; MNC: Mononuclear cell; FACS: Fluorescence activated cell sorting; ALS FRS r: Revised ALS
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Introduction

Amyotrophic lateral sclerosis (ALS) a neurodegenerative disease affecting motor neurons in the cerebral cortex, brainstem, and
spinal cord. This results in muscle denervation that leads to physical symptoms of muscle weakness, atrophy, and alteration in muscle
tone, which progresses to the loss of voluntary movements [1] ALS disease usually progresses to death within 2 to 4 years [2]. Rapid

progression and unknown etiology together contribute to inability to provide an effective treatment for ALS.

Disease-modifying options for patients are limited to treatment with medical management, noninvasive positive pressure ventila-
tion, and nutritional support, each having only a modest effect on disease progression and survival which increases the life span of
patient by 3-5 months. With recent advances in regenerative medicine, cellular therapy has become an option for the treatment of ALS
[3]. Various animal studies [4,5,6] have shown beneficial effects of cell therapy in ALS. Initial trials and studies with autologous bone

marrow mononuclear cells have demonstrated that, it has been safe and effective in patients with other neurological disorders [7,8].

Herein, we present a case report pertaining to potential use of autologous bone marrow mononuclear stem cells given as a thera-
peutic agent in ALS. The neuroregenerative rehabilitation therapy (NRRT) integrates regenerative medicine using intrathecal admin-
istration of autologous bone marrow mononuclear cells (BMMNCs) and various rehabilitation therapies such as physiotherapy, oc-
cupational therapy, psychological counseling and speech therapy. Cell therapy was given to this patient, since there was continuous
deterioration despite the treatment with conventional medical therapies and treatments. And the patient still continued to experience

major deficits in activities of daily living, ambulation and transfers.

Materials and Methods

Case report

We present 41 years old female diagnosed with ALS since 3 years. She presented with complaints of frequent falls while walking
after the birth of her second daughter. She noted weakness in bilateral lower extremities, progressed from distal to proximal muscles.
Six months later, symptoms progressed to weakness in the left upper extremity from distal to proximal muscles and then to right upper
extremity. She had dysarthria and dysphagia. Gradually she developed difficulties in walking, stairs climbing, getting up from supine to
sit and getting up from chair. She also experienced high fatigability while performing functional activities. She had no family history, no
relevant medical or surgical history. On clinical evaluation, she was hypertonic and hyper-reflexic, with Babinski sign and ankle clonus
positive. Cramps and fasciculations were present. Muscle strength was assessed using revised version of the medical research council’s
manual muscle testing scale (mMRC-MMT (I)) as given in table 1. Her muscles strength was below functional grade in shoulder, trunk
and hands muscles and at the level of functional grade in elbows, knee, hip and foot muscles. She had poor dynamic standing and walk-
ing balance. Her inspiratory and expiratory effort and capacity were poor. She was moderately dependent for ADL. She complained

about urinary urgency.

mMRC -MMT Description mMRC-MMT (I) Description
0 No Movement 0 No movement
1 A flicker of movement is seen 1 A flicker of movement is seen or felt in the
or felt in the muscle muscle
2 Muscle moves the joint when 1+ Muscle moves the joint through up to 1/3™ of
gravity is eliminated the ROM when gravity is eliminated
1++ Muscle moves the joint more than 1/3" less
than 2/3™ of the ROM when gravity is elimi-
nated
2- Muscle moves the joint more than 2/3" but
less than the full ROM
2 Muscle moves the joint through complete ROM
when gravity is eliminated
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Muscle moves the joint up to 1/3¢ ROM
against gravity

2++ Muscle moves the joint >1/3™, < 2/3™ of ROM
against gravity

3- Muscle moves the joint against 2+
gravity, but not through full
mechanical range of motion

3- Muscle moves the joint more than 2/3" but
less than complete ROM

3 Muscle cannot hold the joint 3
against resistance but moved
the joint fully against gravity

Muscle moves the joint through complete ROM
against gravity

3+ Muscle moves the joint fully 3+
against gravity and is capable
of transient resistance, but col-

Muscle moves the joint against gravity and
moderate resistance up to 1/3™ of ROM

. b | 3++ Muscle moves the joint against gravity and
apses abruptly moderate resistance from 1/3" to 2/3™ of
ROM
4- Same as grade 4, but muscle 4- Muscle moves the joint more than 2/3" but

less than complete ROM against gravity and
moderate resistance

holds the joint only against
minimal resistance

4 Muscle holds the joint against 4
a combination of gravity and
moderate resistance

Muscle moves the joint against gravity and
moderate resistance though complete ROM

4+ Same as grade 4 but muscle 4+
holds the joints against moder-
ate to maximal resistance

Muscle moves the joint against gravity and
moderate to maximal resistance up to 1/3"of
ROM

5- Barely detectable weakness 4++ Muscle moves the joint against 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 gravity and

moderate to maximal resistance though com-
plete ROM (Normal Strength)

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

She was diagnosed based on Electromyographic (EMG) studies suggestive of evidence of acute denervation in all the muscles. Find-
ings showed acute and wide spread denervation involving tongue, cervical, thoracic and lumbo-sacral spine and all limbs. This was
suggestive of Anterior Horn Cell Disease. Her FIM score was 48/126 and ALSFRS r score was 29/48. Muscle strength before stem cell
therapy is given in Table 2.

Date mMRC-MMT | mMRC-MMT | mMRC-MMT | mMRC-MMT | mMRC-MMT | mMRC-MMT
Muscle groups (I) grade at (I) grade at (I) grade at (I) grade at (I) grade at (I) grade at
assessment 2 months 4 months 6 months 9 months 12 months
months (After 1+ (After 1+ (After 1+ (After 1+ (After 1+
(Before 1** | transplanta- | transplanta- | transplanta- | transplanta- | transplanta-
transplanta- tion) tion) tion) tion) tion)
tion)
Hip Flexor 3++ 3++ 3++ 3++ 3++ 3++
Extensors 3+ 3++ 3+ 3++ 3++ 3++
Abductors 3+ 4 3++ 3++ 3++ 3++
Adductors 3+ 3++ 3++ 3++ 3++ 3++
Knee Flexors 3++ 4 4 4 4 4
Extensors 4 4 4 4 4 4
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Ankle Tibialis 3++ 4 4 4 4 4
and Anterior
Foot Tibialis 3+ 4 4 4 4 4
Posterior
Peronius 3++ 3++ 3++ 3++ 34+ 34+
Longus
Peronius 3++ 3++ 3++ 3++ 34+ 34+
Bravis
Peronius 2 2 2 2 2 1+
Tertius
Plantar 4 4 4 4 4 4
Flexor
Ext. 3++ 4 3+ 3+ 3+ 3+
Hallusis
Longus
Ext. 3 4 4 4 4 3
Digitorum
Longus
Upper 2 2 2- 1+ 2 2+
Abdominal
Lower 3+ 3++ 3++ 3++ 3++ 34+
Abdominal 2 1+ 1+ 1++ 2 2
Back
Extensors
Trunk Flexors 3- 3- 3- 3- 3- 2
Extensors 3+ 3+ 3+ 3+ 3+ 24+
Trapezius 3++ 3++ 3++ 3++ 3++ 34+
Neck Rhomboids 2 2 2 2 2 2
Serratus 1++ 1++ 3+ 3+ 3+ 3+
Anterior
Flexor 2++ 2++ 3- 3- 3- 3-
Extensors 3+ 3+ 3+ 3+ 3+ 3+
Abductors 2+ 2++ 3- 2+ 2+ 24+
Adductors 3++ 3++ 3++ 3++ 34+ 34+
Biceps 3++ 3++ 3++ 3++ 34+ 34+
Shoulder Brachialis 3++ 3++ 3++ 3++ 34+ 34+
Triceps 3+ 3+ 3++ 3++ 344+ 34+
Brachiora- 3++ 3++ 3++ 3++ 34+ 34+
dialis
Elbow Supinators 2++ 3 3++ 34+ 34+ 2+
Pronators 2+ 3 3++ 3++ 34+ 34+
Extensors 3++ 3++ 34+ 3++ 344 4+
Flexors 3- 3+ 3++ 3+ 3+ 34+
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Forearm, Flexor 3+ 3++ 3++ 3++ 3++ 3+
Wrist
and

Hand

Pollicis
Longus
Flexor 1+ 1++ 1++ 1+ 1++ 1+

Policis
Brevis
Extensor 3- 3++ 3++ 3+ 3+ 3+

Pollicis
Longus
Extensor 3+ 3++ 3++ 3+ 3+ 3+

Policis
Brevis
Adductor 1+ 1+ 1+ 1+ 1+ 3++

Policis
Abductor 1+ 1+ 1+ 1+ 1+ 1+

Pollicis
Longus and
Brevis
Opponens 1++ 1++ 1++ 1 1++ 0

Pollicis

Table 2: Changes in the muscle strength over 12 months as measured by mMRC-MMT (1) scale.

The patient selection was in compliance with the World Medical Associations Helsinki declaration criteria [9]. The protocol of au-
tologous BMMNCs intrathecal administration has been reviewed and approved by the Institutional Committee for Stem Cell Research

and Therapy (IC-SCRT). The patient was informed about the procedure and a duly filled informed consent was obtained.

Bone marrow aspiration

300 mcg of Granulocyte colony-stimulating factor (G-CSF) injections were administrated 48 hours and 24 hours prior to BMMNCs
transplantation, to stimulate CD34+ cells and increase their survival and multiplication. 100 ml bone marrow was aspirated from the

anterior superior iliac spine, using bone marrow aspiration needle and collected in heparinized tubes.

Separation of BMMNCSs: The bone marrow is further subjected to mononuclear cell (MNC) separation using differential centrifuga-
tion. Bone marrow is diluted in the ratio of 1:1 with normal saline. The diluted bone marrow is subjected to density gradient separation
using Ficoll-Paque media by centrifuging it at 440 xg rpm for 35 minutes in a swinging bucket rotar without brake at 20°C. MNCs are
obtained as a buffy coat. The MNCs are washed thrice with normal saline by centrifuging at 300 xg for 15 minutes in a swinging bucket
rotar without brake at 20°C and finally resuspended in 1 ml of normal saline. Viable count of the isolated MNCs is done using trypan
blue vital dye which is mixed in 1:1 proportion and loaded on to the haemocytometer for the total cell count and viable count. So the
viable count was found to be 99% and the MNC were 2.68 x 108, This is further confirmed by TALI cell counter. CD34+ analysis was done
using Fluorescence activated cell sorting (FACS) using CD34 PE antibody.

Administration of BMMNCs: Isolated BMMNCs were administered intrathecally immediately post separation, in L4-L5 using a lumbar
puncture needle. 1 gm methyl prednisolone in 500 ml Ringer’s Lactate was simultaneously injected intravenously to improve stem cell

multiplication and transplantation.

The patient was given bilateral upper limbs and lower limbs active strengthening exercises, trunk strengthening exercises, Pro-
prioceptive Neuromuscular Facilitation pattern to reduce synergic pattern, sitting and standing balance training and gait training. She

was also given oromotor and facial exercises. To improve the effectiveness of the stem cell therapy patient was given exercise home
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program. To enhance potency of cells, 300 mg lithium once in a day was prescribed and serum lithium levels were maintained between
0.5 to 0.8 mEq/L for six weeks. In view of significant improvements, the patient was given the cell therapy for second time after 6

months.

Revised ALS Fucntional rating scale (ALS FRS r) and Functional independence measure (FIM) scores were marked at 2, 4, 6, 9 and
12 months period. A graph was plotted with ALS FRS-r score along with Y- axis and duration in months along X-axis to compare the

disease progression of this patient with natural disease progression in ALS. (Figure-1).

—— Natural disease
progression

Disease

progressicn in
patient

owqomwwp‘nv’l‘)‘

Duration in months

Figure 1: ALS FRS r and FIM scores were marked at 2, 4, 6, 9 and 12 months period for this patient. A graph
was plotted with ALS FRS-r score along with Y- axis and duration in months along X-axis to compare the dis-
ease progression of this patient with natural disease progression in ALS. In the natural disease progression
there is 17% decline in ALSFRS score in every 6 months. (29 score on ALS FRSr should become 19 in the natural

progression). However, in this patient ALS FRS r score was 32 at 12 months.
The patient was followed up at regular intervals for one year.

Results

Post one week stem cell therapy
Oromotor Functions: Speech became louder and clear.

Ambulation and transfer: There was reduction in leg muscle spasticity and leg scissoring so sit to stand from chair became easier.

Post two months stem cell therapy

Oromotor Functions: Improved clarity and duration of speech. Swallowing became more faster and she didn’t require sipper. Night

drooling, tongue fasciculations were stopped completely.

Hand Functions: Improvement was seen in fine, gross motor activities and hand coordination. Also handwriting (showed in appendix)

and writing speed has improved.

Bed mobility: Rolling, supine to sit and shifting in the bed became more faster than before. Posture: Neck drop reduced. Kyphotic pos-

ture was reduced.

Balance: Improvement was seen in sitting static and dynamic balance. He was able to stand from chair independently.
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Ambulation: Ambulation became easier, less tiring, walks longer than before with assistance. Stamina to perform exercises had im-

proved.

Functional Improvements: Functionally was able to eat independently without assistance, brush teeth with less effort, could apply soap
while bathing and perform perineal hygiene with some assistance, earlier completely dependent for these activities. Social interaction

has improved secondary to improvement in speech.

Post four months stem cell therapy

Hand Functions: Handwriting became more legible. Pen and spoon holding was better. Improvement was seen in fine and gross motor
activities as she could use wash basin, open and close tap, switch on and off the light and fans and could pick up and eat small things

like dry fruits.

Ambulation: She could walk with walker for around 4-5 minutes. Ground clearance was better with increased knee flexion and she had

started doing stepping.

Functional Improvements: Could do bed to chair transfer, toilet transfer.

Post six month stem cell therapy

Ambulation: Leg movements were easier so she could walk with help of walker independently.

Bladder and bowl!: As urinary urgency had reduced, she could hold urine for one hour.

In view of the improvements a second cell transplantation procedure was done at 6 months. The procedure was same as the first
transplantation, which involved intrathecal administration of autologous BMMNCSs followed by 6 weeks of lithium. Riluzole and neu-

rorehabilitation was continued.

Post 9 months of first stem cell therapy

3 months after second transplantation and 9 months since the first transplantation; she could climb flight of stairs with the help

of side railing. Neck drop reduced significantly. Improvements were also noted in muscle strength (Table 1 and 2) and in handwriting
(Appendix 1).

Appendix 1

Changes in the handwriting over the period of 9 months

1A. Handwriting sample at assessment

o | ./ g LR N
Vgl 1/7»1 N QQL J{%‘h N S ‘

\\' '\

p J; \’i ,f

1B. Handwriting sample at 2 month follow up

Pﬂ] l\f'ff\ga’"\ Ol
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1C. Handwriting sample at 4 month follow up

B~/ Che nag Qnu?b}b\,ﬁ%/}’lagﬁ
Fodpingean £ 1, e

1D. Handwriting sample at assessment before second shot at 6 month

Neatvig open SR

Jpde.

Yrshu

Post 12 months of first stem cell therapy

Patient’s condition was maintained. Her frequency of falls reduced i. e. 1 in 6 months.

Objective evaluation

e\w\&d 4o

38

Over a period of 12 months, there were significant changes in ALS FRS-r and FIM score. (Table 3 and 4). 6 months post interven-

tion ALS FRS-r score increased from 29 to 34 with improvement noted in speech, swallowing, handwriting, cutting food and handling

utensils, turning in bed and adjusting cloths components of scale. On follow up after 12 months ALS FRS-r score was 32 with change

in handwriting and stair climbing components. Post 12 months of intervention, FIM score improved from 48 to 64, with functional im-

provements noted in self-care, bowel management, transfer and locomotion.

3-Slight but definite excess of saliva
in mouth; may have nighttime drool-
ing

2-Moderately excessive saliva; may
have minimal drooling

1-Marked excess of saliva with some
drooling

0-Marked drooling; requires con-
stant tissue or handkerchief

At assessment | 2 months 4 months 6 months 9 months 12 months
after trans- | after trans- | after trans- | after trans- | after trans-
plantation | plantation | plantation | plantation | plantation

Speech 2 2 3 2 2 2
4-Normal Speech processes

3-Detectable speech with distur-

bances

2-Intelligible with repeating

1-Speech combined with nonvocal

communication

0-Loss of useful speech

Salivation 3 4 3 3 3 3
4-Normal
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Swallowing 3 3 4 4 4 4
4-Normal eating habits

3-Early eating problems - occasional
choking

2-Dietary consistency changes
1-Needs supplemental tube feeding
0-NPO (exclusively parenteral or
enteral feeding)

Handwriting 2 3 2 3 3 2
4-Normal

3-Slow or sloppy; all words are leg-
ible

2-Not all words are legible

1-Able to grip pen but unable to
write

0-Unable to grip pen

Does subject have gastrostomy? No No No No No No
No-Answer 5a
Yes-Answer 5b 2 3 2 2 1 2

a. Cutting Food and Handling Utensils
(patients without gastrostomy)
4-Normal

3-Somewhat slow and clumsy, but no
help needed

2-Can cut most foods, although
clumsy and slow; some help needed
1-Food must be cut by someone, but
can still feed slowly

0-Needs to be fed

b Cutting Food and Handling Utensils
(alternate scale for patients with
gastrostomy)

4-Normal

3-Clumsy but able to perform all
manipulations independently
2-Some help needed with closures
and fasteners

1-Provides minimal assistance to
caregivers

0-Unable to perform any aspect of
task

Dressing and Hygiene 1 1 1 1 1 1
4-Normal function

3-Independent and complete
self-care with effort or decreased
efficiency

2-Intermittent assistance or substi-
tute methods

1-Needs attendant for self-care
0-Total dependence
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Turning in bed and adjusting bed
clothes

4-Normal

3-Somewhat slow and clumsy, but no
help needed

2-Can turn alone or adjust sheets,
but with great difficulty

1-Can initiate, but not turn or adjust
sheets alone

0-Helpless

Walking

4-Normal

3-Early ambulation difficulties
2-Walks with assistance
1-Nonambulatory functional move-
ment only

0-No purposeful leg movement

Climbing Stairs

4-Normal

3-Slow

2-Mild unsteadiness or fatigue
1-Needs assistance

0-Cannot do

R-1-Dyspnea

4-None

3-Occurs when walking

2-0ccurs with one or more of the fol-
lowing: eating, bathing, dressing
1-Occurs at rest, difficulty breathing
when either sitting or lying
0-Significant difficulty, considering
using mechanical respiratory support

R-2 Orthopnea

4-None

3-Some difficulty sleeping at night
due to shortness of breath, does not
routinely use more than two pillows
2-Needs extra pillow in order to
sleep (more than two)

1-Can only sleep sitting up
0-Unable to sleep

R-3 Respiratory Insufficiency
4-None

3-Intermittent use of NIPPV
2-Continuous use of NIPPV during
the night

1-Continuous use of NIPPV during
the night and day

0-Invasive mechanical ventilation by
intubation or tracheostomy

Total

29

33

34

34

33

32

Table 3: Changes in ALS-FRS Revised scale score.
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Outcome | At assessment Before | At 2 months (After | At 6 months (After | At9 months (1 At 12 months
measures | 1 transplantation | 1transplantation) | 1% transplantation) | transplantation) | (1* transplantation)
ALSFRS-r 29 33 34 33 32
FIM 48 72 73 71 64

Table 4: Changes in measures over the period of 12 months.

In the natural disease progression there is 17% decline in ALS functional rating scale (ALSFRS) score in every 6 months [10] how-

ever as shown in graph 1, in this patient we observed that ALS FRS r score increased from 29 to 32 over 12 months.

Discussion

ALS is a rapidly progressing neurodegenerative disease which leads to severe motor disability due to axonal degeneration of mo-
tor neurons in brain and spinal cord with sparing of sensory system [11-13]. Defect in the astrocytic glutamate metabolism leads to
exotoxicity and autoimmunity causes a widespread neuroinflammatory response. Recent studies demonstrated that various genes are

also involved in this process [14]

Evidences have shown that, stem cells help to replace lost cells, provide neurotrophic support, and improve the diseased microen-
vironment. [15] Due to its self-renewal and differentiation ability, into different types of mature cells, stem cells may aid in modifying
or arresting the deterioration of the disease process [14,16,17]. Autologous BMMNCSs are safe and reduces the risk of immunological
rejection and of tumor formation [18]. Intrathecal delivery was aimed at increasing the number of neuromuscular connections, de-
crease pro-inflammatory cytokines in the brain and spinal cord, decrease microglia and astroglia density and promote migration and

differentiation of endogenous precursors [19,20].

On follow up after cellular therapy and neurorehabilitation, no significant decline in function or acceleration of disease progres-
sion was evident, in fact the patient showed consistent positive functional changes. De Carvahelo., et al. 2005 [10] reported a 17%
decline of ALS-FRS scores every 6 months. However, we observed that in this patient ALS-FRSr increased from 29 to 32 over 12 months
(Figure 1). FIM score increased from 48 to 62. The functional changes noted in ambulation, oromotor function, hand function. The
BMMNCSs protect the existing motor neurons and replace degenerated motor neurons in ALS. Also the neuroprotective mechanisms
are believe to be more effective in bringing about the changes seen in ALS post transplantation [14]. These cells are capable of migrat-

ing to the injured sites, as guided by various chemo attractant pathways [21].

The foremost importance of neurorehabilitation is to assist in movement restoration, to increase muscle strength, endurance, co-
ordination and balance to reduce spasticity and increase joint range of motion and prevent contractures. Exercise enhances the effect
of local stem cell by mobilization and angiogenesis [22]. Hence combination of neuroregeneration and rehabilitation was given to
augment outcome of cell therapy. A systematic review of literature including a total of 1100 patients treated with Lithium showed no
statistically significant differences in the rates of functional decline, deterioration of respiratory function or survival time since onset
of the disease as compared to patients treated with Riluzole or placebo [23]. The rationale for prescribing Lithium to our patient was

to enhance the survival and potency of transplanted cells [24].

Sharma,, et al. 2014 in retrospective controlled study [14] treated 37 patients with autologous BMMNCSs intrathecally. These cases
showed increased survival duration by 30.38 months as compared to the control population. Prabhakar, et al. [25] transplanted the
autologous BMMNCSs intrathecally in 10 ALS patients. These patients were followed up for one year, 4 points drop in the ALSFRS-r was
calculated. Blanquer, et al. 2012 [26] suggests that intraspinal administration of BMMNCSs leads to neurotrophic effect and preserves
more number of motor neurons in the treated spinal segments as compared to the non-treated spinal segments. Therefore our results
are consistent with the previous findings of the safe use, beneficial effects of cell transplantations and halting of disease progression

in ALS patients.
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To establish the effectiveness of treatment further randomized control studies are required. We have studies the combination of

cellular transplantation and rehabilitation; individual effects of them can be studied in future.

Limitations

The limitation of this case report is absence of advanced neuroimaging techniques, which should be incorporated in future research.
It is a solitary example of benefits of the intervention in absence of the control group and unblinded assessment. Therefore larger ran-
domized controlled studies with blinded assessments are required to explore the efficacy of the intervention. However, the improve-
ment noticed in this case contrary to the natural progression of the disease post cellular therapy, medicines and neurorehabilitation,

which highlights the potential of this novel approach to stabilize disease progression.

Conclusion

Though a solitary case, the significant improvements on objective scales of ALSFRS-r and FIM demonstrate that autologous BMMNCS
transplantation has slowed the progression of disease and improved her functions. The positive benefits observed could be attributed
to regenerative properties of cell transplantation as well as the paracrine effects resulting in neuroprotection. Therefore cellular trans-
plantation when used in conjunction with lithium, riluzole and rehabilitation treatment may improve the quality of life and halt the

disease progression of ALS patients. Further studies are needed.
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