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ABSTRACT

Cell transplantation is emerging as a potentialréipgeutic option for LGMD due to its ability to aid repair and
regeneration of dystrophic muscles. Our aim wasttily the benefit of autologous bone marrow moneancells
(BMMNCs) in LGMD. We administered a 39 year oldV& male with autologous BMMNCs intramuscularly and
intrathecally twice followed by rehabilitation. Hiswuscle power in all limbs was below functionalelewith
proximal weakness more than distal. Functional petelence Measure (FIM) score was 114. Over a pesfatB
months, muscle power increased gradually with inaproents in functional activities. FIM score was mtained
indicating a halt in the progression of disease.36nths after second dose of transplantation, p#iecondition
was maintained with no deterioration in qualitylidé. This report provides early evidence of beriafieffects of
autologous BMMNCs coupled with rehabilitation intirey the disease progression and functional imgrmoent in
LGMD.
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INTRODUCTION

Limb girdle muscular dystrophy (LGMD), a form of suular dystrophy is a heterogeneous group of geneti
disorder, which could be either autosomal domirantecessive [1, 2]. Currently, more than 25 typE& GMDs
have been identified according to the affected gdtee clinical presentation is characterized by gressive
weakness and atrophy of proximal limb muscles, andater stages weakness of distal limb muscles and
cardiomyopathy.

There are no established treatments available &vID. Different therapeutic approaches are beingstigated
with their main objective being prolonged survieald improvement in quality of life of the patieRecently, cell
therapy is being studied extensively for variousuiable neurological disorders including musculgstbphies [3,
4]. Many experimental studies have demonstrated imalthe disease progression along with musclerfibe
regeneration in animal models [5, 6, 7, 8]. To gtttk effect of cell therapy, we administered ggdizsed case of
LGMD with autologous bone marrow mononuclear c@MMNCSs). These cells are easily obtainable; theyndt
involve any ethical or moral controversies. Beingoéogous, they are safe owing to the absence oifuine reaction
and rejection in the recipient [9].
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These cells once injected, migrate to the areamwdcle damage, survive and differentiate into neusalls
resulting in repair of damaged muscle fibers [6, ®ldies have also demonstrated expression ofogysh and
other myoregulatory proteins in the regeneratedcieutbers [7].

This case report presents the positive outcomentémuscular and intrathecal transplantation oblagbus
BMMNCs in a 39-year-old male with limb girdle mus$audystrophy.

MATERIALS AND METHODS

Case Presentation

A 39-year-old male was diagnosed with limb girdlestular dystrophy at the age of 25 years. He hattamg
family history with 4 out of 7 siblings affectedtWiLGMD. His symptoms began at the age of 25 yeaits, lower
extremity weakness, imbalance and frequent falldiemvalking. However, his upper extremities wereargal.
Gradually, weakness progressed due to which getiinffom floor; squatting and climbing stairs beeadifficult.

He also got fatigued on walking short distanceer&lwere no deformities; and he walked with a firop gait. He
experienced frequent falls (4 times in 6 months)levivalking due to buckling of knees. He walkeddods with
support of the wall and required assistance tougefrom a chair. Muscular strength was measuredibyual
Muscle Testing (MMT), using a scale devised by edgmeed physiotherapists based on the modified bégdi
Research Council's MMT scale (nMRC MMT). As mMRC MMioes not sub-classify grades 1 and 2 according to
partial Range of Motion (ROM), in this scale (IMMRT-I) grades 1 and 2 were subdivided [Table 1]isTécale
could measure slightest of changes in muscle gtiéngnuscular dystrophy patients over time. Onneixation, he
had grade 2++ muscle power in both lower extremifeoximally and grade 3++ in both upper extremitie
proximally along with pseudohypertrophy of bilatecalves. He was independent in most of activitiégaily
living (ADLs) and scored 114 on Functional Indepemce Measure (FIM). Electromyography (EMG) suggkste
generalized primary muscle disease and MagnetiorRese Imaging - Musculoskeletal (MRI-MSK) showed
extensive diffuse bilaterally symmetric changesatrbphy and fatty infiltration in muscles of uppand lower
extremities.

Intervention:

The rationale of this intervention is based on Waddedical Association’s declaration of Helsinki attais patient
selection was done based on the paragraph 37 antiemded Helsinki declaration stating about usengiroven
interventions [10]. The protocol has been revievaed approved by the Institutional Committee fornst€ell
Research and Therapy (IC-SCRT). The patient ancelasives were informed about the procedure addiafilled
informed consent form was obtained from them.

Blood Tests, EMG and MRI-MSK were performed one kveefore the transplantation. Motor points of thesiles
which were below functional level were identifieg &lectrical muscle stimulation and marked on tkiae $or the
purpose of intramuscular injections of stem cell&ranulocyte colony stimulating factor (G-CShkjections were
administrated 72 hours and 24 hours before BMMN@&ssplantation [11]. On the day of transplantat®Qml of
bone marrow was aspirated from the iliac bone. Mhoistear cells (MNCs) were obtained after densitgdggnt
separation. Fluorescence activated cell sortingd&Aanalysis showed 91% viability of the cells. fHdlthe cells
were injected intrathecally instLs space using a lumbar puncture needle, and theingmgaells were then diluted
in cerebrospinal fluid (CSF) and injected intramuady in the motor points of bilateral deltoiduggi, quadriceps,
hamstrings, peronei, tibialis anterior, back extessand abdominal muscles bilaterally. Approximatel48x1§
MNCs were injected by both the routes. Intravenadiministration of Methylprednisolone 1 gm in 500 Rihger
lactate was carried out simultaneously to imprdeenscell multiplication and survival.

After the transplantation, the patient was put opeasonalized physical rehabilitation program whicbluded
physiotherapy to strengthen the weak muscles aptowe endurance, occupational therapy to improwetfan and
independence, and psychological counseling forvatitn. After one week, on discharge the patiens giaen a
home program to continue rehabilitation at homelooup assessments were done periodically, aasikeighteen
months. After eighteen months, he underwent a sktransplantation of autologous BMMNCs.

RESULTS

No adverse events were reported after cell trantgtian. On follow up after six months, his stamdjposture had
improved due to decreased hyperlordosis of lumparesowing to improved trunk stability. He requideds base of



Sharma Alok et al Int J Med Res Health Sci. 2016, 5(12):1-7

support while walking. Knees became more stabld,thare was no buckling of knees anymore. This awed his
standing and walking balance. He could lift his &gput 4-5 inches up and could stand on one le§dmeconds,
owing to improvement in standing balance. His anklevements had improved as there was increase §tlenu
power of ankle muscles. He could independentlyugefrom a low chair for which he required assistarerlier.
Climbing down stairs was easier and required lespart. FIM score was maintained at 114. Muscletowafer
limbs showed increased power on MMT [Table 2].

18 months after intervention, frequency of fallsl markedly reduced (earlier it occurred 4 time$ imonths, and
after intervention it occurred 2 times in 6 month4¢ could balance himself while walking on unegenfaces and
hyperlordosis of spine while standing and walkingd halso reduced considerably. His stamina improved
furthermore so he could work for longer time. Clinth up stairs was easier and caused less fatigue.
Pseudohypertrophy of the calves had reduced anchilies became softer.

FIM score was maintained at 114.

At 3 years follow up post second dose of cell tpdanstation, all the functional improvements werdantaned. The
patient could perform his daily activities in a gan manner as on follow up before second procedireell
transplantation, without any deterioration in qtyali

DISCUSSION

LGMDs are associated with continuous cycles of feuBiber necrosis followed by regeneration of filaeuntil the
exhaustion of muscle regenerative capacity [12]digs are thus aiming at facilitating the regenenapotential of
muscles. Cellular therapy has effectively demomstiats myogenic potential in various forms of mulac
dystrophies [13 — 17]. Adult bone marrow cells are of the safest and widely used cells. In oute cas
administered BMMNCs due to their properties of seliewal, migration and differentiation. Bone marrcells
have the ability to differentiate into muscle ceJs3, 19]. Animal studies have demonstrated thdobioal
progression of marrow cells into muscle satellgtiscwhich in turn progress to myoblasts eventugligng rise to
mature muscle fibers [20].

The underlying mechanism of action of these celiénty includes activation of local satellite celdsgiogenesis for
repair, and reduction of inflammation and immunspmnse. They also carry out repair and regenerdiion
producing a variety of cytokines, chemokines, grovactors and extracellular matrix (ECM) moleculkesown as
paracrine activity. These growth factors are knaavpromote stem cell proliferation, cytoprotectiamd migration.
These effects control the muscle cells’ apoptotacpss and help in regeneration over time [21 — 24]

BMMNCS is a mixture of cells of hematopoietic adivess non hematopoietic lineages, the latter iniclgdhe side
population cells, mesenchymal stromal cells (MS@g)ltipotent adult progenitor cells, hemangioblastsdothelial
progenitor cells (EPCs) and tissue-committed stelis §25]. Collectively these cells are known terxa greater
therapeutic effect rather than individual sub fiats [26].

Studies have provided evidence of migration andihgrof MSCs in the injured tissues after trans@éioh and

localization of engrafted MSCs have found to be eniarthe severely injured tissues [18]. MSCs alsertetheir

immonumodulatory effects by inhibiting T-cell praiation thereby making a room for initiation ofpegzative

process [19].

Motor point is the point/location of the skin abate muscle at which least intensity of electriogbulse produces
a maximal contraction of muscle [27]. Because & pinesence of highly efficient nerve-muscle synapethis

point, motor points of weaker group of muscles waresen for the purpose of intramuscular injections

The dystrophin—glycoprotein complex (DGC) interagi#th neuronal nitric oxide synthase (NNOS) which i
involved in synthesis of nitric oxide at the neuruoular junctions. Nitric oxide is an importantregjing molecule
involved in regulation of synaptic functions in thentral nervous system and release of acetylahditom nerve
terminals at the neuromuscular junction. The DGComposed of cytoskeletal proteins, the dystroglycamplex
and the sarcoglycan (SG) complex. LGMDs result tlugenetic mutations causing defects in these kgtetal
proteins important for synthesis of nitric oxidéuE, reduction or loss of nNNOS and in turn nitiade contributes
to weakening of neuromuscular transmission and hauiber degeneration in LGMDs. Therefore, intraidle
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BMMNCs transplantation was carried out to strengtitee neuromuscular junction and to improve symapti
transmission [28,29].

Sharma et al, in their study using autologous BMMNf@nsplantation demonstrated the safety andageffiof the
intervention in modifying the disease process inscular dystrophies. A total of 150 patients with scwlar
dystrophy including LGMDs were administered augmlos BMMNCs via intramuscular as well as intratiiec
routes, and on a mean follow up of 12 + 1 montgmpmomatic and functional improvements were obsgiive
86.67% of cases, supported by radiological evidefickcrease in fatty infiltration and muscle regration [30].

Rehabilitation interventions seek to promote recpvand independence through neurofacilitation. Eiser
enhances the effect of stem cells by helping thbiliation of local stem cells, encouraging angiogss [31,32].
Therefore, the patient was put on a rehabilitaimgram to augment the effect of cellular therapy.

Following cellular transplantation, muscle powedhmproved and thus, the patient was able to camtydaily
activities with much ease. The changes seen a#értransplantation were maintained for over a quérof 54
months, which suggest a halt in the progressiothefdisease. Prior to cell transplantation, inspiteegular
rehabilitation and standard treatment, patient'addion was deteriorating. Whereas, after cell santation
coupled with rehabilitation, functional improvemgntere observed which were maintained for a lonmipgeof
time; with FIM score also remaining the same. Thigsgings suggest the cytoprotective and myogentoas of
BMMNCs transplantation.

Several studies suggest benefits of repeated i@isplantation on repopulating the damaged tis$a@s4].
Therefore, to further enhance the improvementstargipplement the dystrophic muscles with additionenber
of stem cells, cell transplantation was repeateer &f8 months. The second dose of cell transplantdtelped
maintain the condition of patient for more 36 manitidicating a halt in the disease process.

This is a single case report without control. Bimce the patient’s condition was deterioratingpite of standard
treatment and rehabilitation; functional improvetseand halting of disease progression were obtaimég after

the cell transplantation, we may say that the pagerved as a self control in this study. The olingtation of this

study is that the results obtained were effectsetiftransplantation coupled with rehabilitationus, solitary effect
of cell transplantation could not be gauged. Buiges rehabilitation was going on prior to cell tsatantation also
and the procedure of cell transplantation helpebdaiting of disease progression, suggest thattiisplantation
played a crucial role.

Tables
Table 1: Comparison of the grades of the scales MMRMMT and mMRC-MMT (1)
mMMRC-MMT | Description mMMRC-MMT Description
grade (I) grade
0 No Movement 0 No movement
1 A flicker of movement is seen or felt in the mes¢ 1 A flicker of movement is seen or felt in thesole
2 Muscle moves the joint when gravity is 1+ Muscle moves the joint through up to 1/3rd of the
eliminated ROM when gravity is eliminated
1++ Muscle moves the joint more than 1/3rd less than
2/3rdof the ROM when gravity is eliminated
2- Muscle moves the joint more than 2/3rd but lesa tha
the full ROM
2 Muscle moves the joint through complete ROM when
gravity is eliminated
3- Muscle moves the joint against gravity, but not | 2+ Muscle moves the joint up to 1/3rd ROM against
through full mechanical range of motion gravity
2++ Muscle moves the joint >1/3rd, <2/3rd of ROM
against gravity
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3- Muscle moves the joint more than 2/3rd but lesa tha
complete ROM

3 Muscle cannot hold the joint against 3 Muscle moves the joint through complete ROM
resistance but moved the joint fully against gravjt against gravity

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

3+ | Muscle moves the joint fully against gravity dad 3+ Muscle moves the joint against gravity and modemegestance up to
capable of transient resistance, but collapsespdipru 1/3rd of ROM

3++ | Muscle moves the joint against gravity and nnatéeresistance from
1/3rd to 2/3rd of ROM

4- | Same as grade 4, but muscle holds the jointagéynst | 4- Muscle moves the joint more than 2/3rd but teasi complete ROM
minimal resistance against gravity and moderate resistance

4 Muscle holds the joint against a combinationraivgy 4 Muscle moves the joint against gravity and moigerasistance thoug
and moderate resistance complete ROM

4+ | Same as grade 4 but muscle holds the jointaisigai 4+ Muscle moves the joint against gravity and matéeto maximal
moderate to maximal resistance resistance up to 1/3rd of ROM

S

++  Muscle moveptheagainst gravity and moderate to maximal
resistance from 1/3rd to 2/3rd of ROM (Barely d&bte weakness)

5- | Barely detectable weakness

5 Normal strength 5 Muscle moves the joint against gravity and moiget@maximal
resistance though complete ROM (Normal Strength)

Table 2: Changes in the muscle strength after thérét cellular transplantation as measured by mMRC-MMT (l)

Right Left
mMMRC-MMT (1) before MMRC-MMT (1) 6 months Muscle group | mMMRC-MMT (I) before MMRC-MMT (1) 6 months
first cellular therapy after first cellular therapy tested first cellular therapy after first cellular therapy
Hip
2++ 3 Extensors 2++ 3
2++ 3+ Abductors 2++ 3+
2++ 3 Adductor: 2++ 3
Knee
2+ 3+ Flexors 2+ 3+
2 2++ Extensors 2 2++
Ankle
Tibialis
1 1+ Anterior 1 1+
CONCLUSION

As the number of cases of LGMD is increasing, iegsential to establish a standard approach. légdas
BMMNCs transplantation has shown great potential #eerapeutic strategy for various muscular dypsties. This
case has effectively demonstrated the positiveamugcof autologous BMMNCs serial transplantatiomglavith
rehabilitation in LGMD. It helps in halting the gnession of the disease and improves the qualityffeff the
patients. However, more detailed studies involvilggrous methodology are required to establistpdtential in
LGMD.
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