AKTYAJIbHbIE MPOBJIEMbl TPAHCMOPTHOW MEAMUMHBI 4 N2 3 (53), 2018 -

Y/IK 616-073+616.83 DOl http://dx.doi.org/10.5281/zenodo. 1434222
CLINICAL EFFICACY OF FETAL PROGENITOR CELL
TRANSPLANTATION IN DUCHENNE MUSCULAR DYSTROPHY

Radchenko V.V., Sirman V.M., Duzhar V.M., Gozhenko A.l.
KRS — Medical Technologies LLC, Kiev, Ukraine
EmProCelll Clinical Research Pvt Ltd., Mumbai, India
Ukrainian SRI for Medicine of Transport of the Health Ministry of Ukraine, Odessa,
Ukraine

KJIMHUYECKASAA 9DPDPEKTUBHOCTb TPAHCIJIAHTAL A
DETAJIbHbIX MPOrEHUTOPHbLIX KJIETOK NMPU JIEMEHUU
MbILLEYHOWU AUCTPODUUN AIOLLEHHA

PapgyeHko B.B., Cupman B.M., Oyxap B.M., lo>xeHko A.U.
000 «KRS - Medical Technologies» (Knes, YkpaunHa)
EmProCelll Clinical Research Pvt Ltd. (Mymb6awn, NHans)
YkpaunHckni HUW meanumHbl TpaHcrnopta M3 YkpavHsbi

KJTIHIYHA E®EKTUBHICTb TPAHCMJTIAHTALII ®ETAJIbHUN
NPOrEHITOPHUX KNITUH NPU NIKYBAHHI M’A30BOI
OUCTPO®II OAIOLWEHHA

Paguyenko B.B., Cipman B.M., AQyxap B.M., loxeHko A.l.
TOB «KRS - Medical Technologies» (Knis, YkpaiHa)
EmProCelll Clinical Research Pvt Ltd. (Mymb6ai, IHais)
YkpaiHcoekuni HAl meguumHn tpaHcropty MO3 YkpaiHn

Pesiome (Summary)

The authors are reviewing issues arising in the process of treatment of Duchenne
muscular dystrophy (DMD). DMD is a hereditary X-linked recessive disorder caused by
abnormal dystrophin synthesis due to genetic defect and resulting in progressive
muscular degeneration. DMD affects about 1 child in 4,000 — 6,000. On the average,
the disease is diagnosed at the age of 3-5 when physical capacity of the affected child
is markedly different from that of healthy peers.

Goal. Study clinical efficacy of fetal progenitor cell transplantation in DMD treatment

Materials and methods. The study included 37 patients with DMD aged from 5
to 19 who underwent fetal stem cell transplantation.

The results of treatment with fetal myoblasts differ for each case. Laboratory tests
before the treatment were remarkable for significant elevation of CPK in all the patients.
Many patients also had high levels of ALT, ACT and LDH.

The proposed method of fetal progenitor cell administration is an effective and
promising method of DMD treatment. Administration of stem cells directly into the
affected muscles (intramuscularly) results in higher muscle tone, muscle bulk growth
stimulation, muscle power and physical capacity increase, immune boosting, improved
cognitive and intellectual skills and psycho-emotional state in general.
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ABTOp po3rnsgae Npobnemu, Lo BUHUKAIOTb B NPOLIECi NiKyBaHHA M’A30BOT AUCT-
podii JiowenHa (MAA). MO - ue peueccuBHoe, 34enneHe 3 X-XpoOMOCOMOIO Crnaako-
BE 3aXBOPIOBAHHS, MOB’sA3aHe 3 MOPYLLUEHHAM NpoayKuii 6inka ancTtpodurHa BHaACNiAoK
hedekTy reHis, BignoBiganbHMX 3a NOro CUHTE3, Ke BUKIIMKAE PO3BUTOK NPOrpecyoyoi
M’A30B0i gereHepadji. MO/, sBpaxae npnbnuaHo 1-ro nioguHn 3 4-6 tucsad. B cepenHb-
OMYy XBOPOOY AjarHOCTYIOTh Y Bili 3-5 pokiB, KON di3nyHi MOXIIMBOCTI XBOPOi AUTUHU
NOYMHAKOTb NOMITHO BiAPI3HATLCA Bif, MOX/IMBOCTEN 300POBUX POBECHUKIB.

MeTta po60T — BUBYEHHS KJTiHIYHOT e(PEKTUBHOCTI TpaHcnaaHTauji eTanbHnX
NPOreHITOPHUX KNITUH NMpu nikyBaHHi ML, nicns BukopucTtaHHa CK 3a po3pobneHoo me-
TOAMKOIO.

Martepianu Ta meTogu. Y 0OCAIOKEHHS B3 y4acTb 37 nauieHTiB 3 MO/, y Biui
BiZ 5-Tn o 19-TK pokiB nicns BBeAEHHS deTanlbHUX CTOBOYPOBUX KITITUH.

Pe3ynbraTty Big, nikyBaHHSA deTanbHUMM MUobiacTamMm A1 KOXXHOro naujeHTa iHam-
BioyasnbHi. KniHiko-nabopaTopHi AOCNIIKEHHS Nepem No4YaTKoM JlikyBaHHSI NoKasasnu y BCiX
nawieHTiB 3Ha4YHe niasuLLeHHs piBHA KPK. Y 6aratbox naujeHTiB TakoX Oynn nigBuLLIEHi
piBHi AJIT, ACT i nA4r.

3anponoHoBaHa MeToamKka BBeAeHHS deTanbHUX NPOreHIiTOPHMUX KNITUH € edek-
TUBHUM i NEPCMNEKTUBHUM MeTOA0M NikyBaHHA M.

BeeneHHsa cTOBOYPOBUX KIiITUH 6E3N0CepeaHb0 B YPaXKeHi M’a31 NMawieHTa BHYTP-
iILLHBOM’S1I30BO CYMPOBOAKYETLCS MIABULLEHHSM M’I30BOIr0 TOHYCY, CTUMYJISILLEID POCTY
M’130BOi MacW, 36iNbLUEHHAM M’A30BOI CUK | Pi3NYHOT BUTPUBANOCTI, 3MILIHEHHSAM iMY-
HITETY, PO3BUTKOM PO3YMOBUX 30iOHOCTEN i MCUXOEMOLLINHOIO CTaHy B 3arasibHoOMy.

Kimo4oBi cnioBa: m’s30Ba anctpogis [rolueHHa, cToBOYpOBI KiTUHW, ¢peTasibHi rnpo-
FeHITOPHI KJiTUHW, Miob1acTy, 6aratoTOYKOBE BHYTPILLIHLOM 'I30B€ BBEAEHHS

ABTOp paccmaTpuBaeT Npobnembl, BO3HMKAOLWME B MPOLECCEe NTIEYEHNS MblLLEY-
HoW amncTtpodpum OwowenHa (MOL). MO/ — aTO peueccmBHoe, cLuenieHHoe ¢ X-XpoMOo-
COMOW HacnencTBeHHoe 3abofieBaHMe, CBA3aHHOE C HapyLleHMeM npoaykuum éenka
amcTtpodmnHa BcneacTeme gedekra reHoB, OTBETCTBEHHbIX 32 €ro CMHTE3, KOTOpOoe
BbI3bIBAET Pa3BUTUE MPOrpPeCcCcUpyoen MollleyHon aereHepauyun. ML nopaxaet
npumMmepHo 1-ro yenoseka ns 4-6 Toica4. B cpegHem 60ne3Hb AUarHOCTMPYIOT Y BO3pa-
cte 3-5 net, korga pusmyeckme BO3MOXHOCTM O0NbHOro pebeHka HauYnHaT 3aMEeTHO
OT/IM4aTCcs OT BOSMOXHOCTEN 300P0BbIX POBECHUKOB.

Lless pabotbl — 13y4yeHne KnmHn4yeckon appekTMBHOCTU TpaHcnaaHTaunm ge-
Ta/lbHbIX MPOrEHNUTOPHLIX KNEToK Npu neveHmn ML, nocne ncnonb3osanus CK no pas-
paboTaHHOW MeToauKe.

Marepuanbsl nu meTogbl. B nccnenosaHna npuHanm yvactme 37 naupenTtos ¢ MO,
B BO3pacTe OT 5-Tn Ao 19-T1 neT nocne BBeaeHNs peTanbHUX CTBOJIOBLIX KITETOK.

Pe3ynbratbl 0T nedeHnst detanbHbiMU MUoBAacTamMm gnsa Kaxnoro nauyeHTa nH-
avBuayanbHbl. KnvHrko-nabopaTopHble nccnenoBaHus Nepes, HauyanoM fieveHns noka-
3a51 y BCEX NaLMEHTOB 3HAYMTENbHOE NoBbieHne ypoBHs KDK. Y MHOrmx naumeHToB
Takke Oblny noBbiweHbl yposHu AJTT, ACT n nA4r.

I'Ipe,u,noerHaﬂ MeToaunKa BBegeHns CbeTaJ'IbeIX MPOreHNTOPHbIX KNIETOK ABNAET-
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cs 3P DEKTUBHBIM U NEPCMEKTMBHBLIM METOA0M nedexHns MO/,

BeeneHne CTBOMOBbLIX KNETOK HEMOCPEACTBEHHO B MOPAXEHHbIE MbILLLbI MAUNEH-
Ta BHYTPUMBbILLEYHO COMPOBOXAAETCS MNOBbLILLUEHMEM MbILLEYHOIO TOHYCA, CTUMYNSALN-
€1 POCTa MbILLEYHON MACChl, YBENNYEHMEM MbILLEYHOW CUJlbl U PUSNYECKON BBIHOCN-
BOCTU, YKpenJeHnemMm MMMyHUTETa, Pa3BUTUEM YMCTBEHHbIX CIIOCOOHOCTEN 1 NMCUXO3MO-

LIMOHAJIbHOrO COCTOSIHMS B OOLLIEM.

KnioueBble cnoBa: mMbllleyHasa guctpodpum [oweHHa, CTBONOBbIE KNETKU, de-
TallbHble MPOreHUTOPHbIE KNETKN, MMOBNACTbI, MHOIrOTO4YE4YHOE BHYTPUMbILLEYHOE BBEe-

AeHne

Rationale

DMD is a hereditary X-linked reces-
sive disorder caused by abnormal dystro-
phin synthesis due to genetic defect and
resulting in progressive muscular degen-
eration [1].

According to different sources, DMD
affects around 1 in 4, 000 — 6,000 peo-
ple internationally [2]. On the average, the
disease is diagnosed at the age of 3-5
when physical capacity of the affected
child is markedly different from that of
healthy peers[3]. It is believed that during
the first years of DMD patient life his/her
muscle fibers regenerate by means of own
stem cells of the muscle differon the re-
serve of which gradually depletes, which
leads to abnormal dystrophin production
causing muscle degeneration and fibrosis
[4].

In DMD, muscle weakness is rapidly
progressive, and gait problems appear in
teenage years. Wheelchair is usually need-
ed by the age of 9-11, but it case is indi-
vidual. Apart from the progressive muscle
weakness, more that 50 % of the patients
have dystrophin deficiency-induced car-
diovascular issues by the age of 15 [5]. In
patients aged 20 and older, diaphragm and
muscles regulating lung function weaken
significantly, therefore they can die from
respiratory failure [6]. Gastrointestinal and
excretory systems, as well as intellect, are
also affected [7].

Over the last years, stem cells are
used for DMD treatment [8]. In our opin-
ion, stem cells isolated from fetal muscles

can differentiate into myocytes, which sug-
gests that stem cell therapy can be effec-
tive in DMD.

The authors are of the opinion that
the proposed approaches to treatment will
result in higher quality of life and longer
life span of DMD patients.

Stem cells were isolated in the Em-
ProCell (Mumbai, India) biotechnological
laboratory in accordance with internation-
al GMP standards.

Stem cells were isolated at the time
of organogenesis (beginning stages of
muscle system formation) and thoroughly
tested for biological safety, aerobic and
anaerobic microorganisms, and fungi.
Testing also included real time PCR for 12
types of bacteria, karyotyping and gender
determination.

In the course of research, treatment
method based on application of fetal pro-
genitor cells and fetal tissue extracts aimed
at dystrophin production deficit complen-
sation has been developed. The underly-
ing principle of treatment is transfer of
unaffected genetic information of the fe-
tal myoblasts cell nucleus into patient’s
muscle. Implantation of nuclei of fetal pro-
genitor cells with normal genes encoding
synthesis of all 79 exons of dystrophin [9]
results in restoration of dystrophin produc-
tion. Inhibition of muscle tissue degener-
ation gives time for repeated transplanta-
tions of fetal stem cells, which, at the end,
results in longer life expectancy and high-
er life quality in most DMD patients.

Stem cells were administered accord-
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ing to our developed method that includ-
ed transplantation of two types of allogen-
ic fetal progenitor cells from the same fe-
tus: hematopoietic cells of fetal liver for
immune tolerance induction thank to
which fetal myoblasts (allogenic muscu-
lar cells) administered by multiple intra-
muscular injections at the next stage are
treated by the body like its own.

For optimal clinical result, we per-
formed additional subcutaneous adminis-
tration of fetal myoblasts and fetal placen-
ta extracts containing cytokines stimulating
growth and differentiation of both patient’s
own and transplanted fetal stem cell.

The authors developed method of
multi-point administration of fetal myo-
blasts — intramuscular administration of
the cell formulation in many points all over
the body in accordance with the scheme.
In comparison with regular intravenous or
subcutaneous administration of stem cells,
the effects of multi-point intramuscular
administration are much more demonstra-
tive.

Our method resulted in positive re-
sults in Becker’s Emery-Dreifuss, Duch-
enne and myotonic muscular dystrophy as
well as in myositis and motor neuron dis-
ease.

As a part of the study that lasted for
5 years, many DMD patients were treated
with this method aimed at dystrophin pro-
duction deficit compensation.

Results and Discussion

For optimal clinical effect in DMD,
combination of stem cells and fetal tissues
extracts is selected individually for each
case of DMD and its complications. This
treatment results in the following:

inhibition of the disease progression
(longer period of independent ambu-
lation etc.)

preservation of muscle and physical
power

gait quality improvement (in walking

patients)

improvement or restoration of some
skills (climbing stairs, combing, getting
up from the floor or sitting position)
reduction of pseudohypertrophy or
muscle straining

decreased values of ALT, ACT, CPK
and LDH signifying subsidence of in-
flammation in the muscle tissue

prevention or subsidence of the symp-
toms of myopathy complications

intellect and psycho-emotional state

improvement, higher self-esteem

immune boosting

life quality improvement

The results of treatment with fetal

myoblasts depend on the patient. Labora-
tory tests performed before the treatment
demonstrated marked CPK elevation in all
the patients. Many patients also had ele-
vated ALT, ACT and LDH. Functional con-
dition was evaluated on Muscular Dystro-
phy Functional Rating Scale (MDFRS) (Ta-
ble 1) [10].

After stem cell therapy in accordance
with our method, clinical presentation has
significantly changed in all the patients.
Improvements of general functional status
on MDFRS and principal blood parameters
were reported in 80 % of patients (Table
2). In 20 % of patients, principle blood
parameters in DMD either improved insig-
nificantly or remained practically un-
changed. Such patients are recommend-
ed to repeat stem cell therapy. Repeated
administration of fetal myoblasts results, at
the least, in CPK decrease, which is re-
garded as a positive effect in DMD.

The data presented in the table can-
not be regarded as ultimate results, but
demonstrate improvements after treat-
ment with fetal myoblasts.

Clinical case. 17-year old patient was
diagnosed with DMD at the age of 3 when
high CPK was detected. Diagnosis was
confirmed by the genetic test (deletion of
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Table 1
Muscular Dystrophy Functional Rating Scale
Domains
Mobility Basic activities of Arm function Functional
daily life Impairment
1 Stair climbing 1 Feeding 1 Managing objects 1 Severity of upper
over head limb joint contracture
2 Outdoor mobility 2 Combing hair 2 Carrying objects 2 Severity of lower
limb joint contractures
3 Indoor mobility 3 Brushing teeth 3 Cleaning table 3 Number of contracted
joints in the upper
limbs
4 Transfers from bed | 4 Dressing 4 Writing 4 Number of contracted
to chair upper/lower parts of joints in the lower limbs
body
5 Wheelchair 5 Toileting 5 Turning books 5 Severity of neck
manipulation contracture
6 Standing from 6 Bathing 6 Picking up small 6 Strength of the neck
sitting objects
7 Sitting from lying 7 Managing objects 7 Strength of the trunk
over head
8 Rolling 8 Scoliosis
9 Changing body 9 Orthopnea
position in bed
10 Sputum clearance
11 Ventilator assisted
Total for Mobility = Total for Basic Total for Arm Total for Impairment
activities of daily life function = =
Total Score =

exons 48-50). History of present illness:
born naturally, full term, birth weight — 2,7
kg. Pregnancy was uneventful. The boy
suffered asphyxia at birth and was trans-
ferred to the intensive care for the new-
borns where he stayed for 7 days. Family
history is negative for neuromuscular dis-
orders.

Psychomotor development: started
walking at the age of 3, fine motor skills are
well-developed for the given age. Speech
underdevelopment until the age of 4 when
he started talking. At present, speech is
absolutely normal.

The patient was ambulant until the
age of 14. Three years ago, he started
feeling weakness in the lower extremities,
and walking was becoming more difficult
month after month. One year ago, he start-
ed feeling weakness in the right arm.

In accordance with the developed

method, the patient underwent intrave-
nous administration of fetal liver hemato-
poietic stem cells followed by multi-point
intramuscular administration of fetal myo-
blasts into the muscles of pelvis, hips, an-
kle, feel, shoulder girdle, shoulders, fore-
arms and wrists. In total, there were 77 in-
jections 0,2 ml each. The next stage was
subcutaneous administration of fetal myo-
blasts and fetal placenta extracts into the
frontal abdomen. All stem cell suspensions
and fetal tissue extracts were made from
the cells of one male (XY) fetus.

MDFRS Scale data both before the
treatment and 3, 6, 9, 12 and 15 months
after it are provided in the Table 3. The first
administration of stem cells was performed
on December 9, 2016, repeated — on
September 12, 2017.

It is obvious that the patient has im-
provements in mobility, basic activities of
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Table 2
Examination results in DMD Patients: Main Blood Parameters
and MDFRS Scale (n=22)
Before the treatment 3 months 6 months
o |ALT,I [LDH, |CPK, MDFRIALT, |[LDH, |CPK, |MDF J|ALT,l |LDH,I [CPK,I [MDF
'g' u/l U/l U/l S U/l U/ U/l RS |uU/l u/ u/i RS
B 840 | <470 |20-190 |Scale Scale Scale
o Total
Score

1.1 123 979 14072 39 55 510 1560 63 52 496 | 1648 | 62
2. | 138 696 7991 46 47 490 1450 59 45 | 475 | 1420 | 64
3. | 101 750 7946 54 51 510 1170 63 49 | 467 | 1608 | 72
4. 98 735 6450 46 45 620 1670 49 42 570 | 1620 | 56
5. 111 820 7670 42 90 538 1920 49 60 520 | 1650 | 54
6. 95 656 5380 47 48 420 1490 59 40 | 410 | 1480 | 62
7. | 148 840 8920 42 95 760 6100 44 87 720 | 5930 | 46
8. 80 760 7480 47 58 520 1680 52 70 630 | 1720 | 50
9. 95 820 8690 48 56 540 1730 54 48 510 | 1670 | 58
10.] 100 890 8840 45 63 580 1740 49 40 | 463 | 1690 | 56
11.| 162 920 12120 39 88 580 1890 46 75 545 | 1760 | 49
12.| 76 780 6360 46 50 662 1760 48 42 512 | 1670 | 52
13.] 110 878 7560 44 68 694 5778 47 55 560 | 5657 | 49
14.| 89 789 6472 43 58 582 3738 46 53 547 | 3626 | 50
15.| 78 839 8620 42 51 622 1787 45 48 | 490 | 1524 | 52
16.] 108 828 7575 42 64 585 1715 46 50 514 | 1568 | 50
17.| 86 785 5638 45 58 528 1595 48 45 | 478 | 1547 | 54
18.] 132 950 10820 42 97 760 | 10110 | 44 | 105 | 786 | 9150 [ 45
19.| 83 675 4430 48 38 445 980 54 42 460 | 920 | 58
20.| 95 746 4547 46 65 548 1670 48 50 576 | 1690 | 55
21.| 86 739 5675 44 68 587 1758 46 57 592 | 1740 | 48
22.| 118 873 6739 42 73 756 1879 45 54 568 | 1560 | 48

daily life, functional impairment and signif-
icant improvement in arm functions.

There also was stabilization of the
principal blood parameters as early as
three months after the first administration
of stem cells: first of all, CPK level de-
creased from 7946 to 1170 U/I, LDH —
from 750 to 510 U/I, ALT and ACT also de-
creased.

After second administration of stem
cells, CPK level decreased to 807 U/I,
which is close to the upper reference val-
ue for this parameter, which means that it
was possible to

ported power increase in the lower ex-
tremities and more confident walking dis-
tances that were impossible to manage
before the treatment. He had better use
of the right arm, reported improved sleep,
more active lifestyle and much higher en-
ergy level.

The patient is followed-up on regular
basis and is following medical recommen-
dations.

The above clinical case proves that

multi-point administration of stem cells in
accordance with the developed method to

achieve remission of Table 3
the disease and gain Patient’s Results on MDFRS Scale
time for stabilization Domain Before 3m 6m om 12 m 15 m
treatment | 10.03.17 | 09.06.17 | 07.09.17 | 15.12.17 | 16.03.18
and body prepara- |Mobilty 14 16 23 23 20 18
tion for repeated ad- Efj;lya"c]f:"“es 6 8 8 9 9 8
ministration of stem [ Am function 9 13 13 16 16 14
cells and fetal tissue E‘:S;‘;%'::t 25 26 28 28 27 27
extracts. 06w 6ann 54 63 72 76 72 67

The patient re-
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DMD patients results in muscle activity im-
provement. The results can be explained
by the fact that stem cells isolated from
fetal muscles are a source of myocytes re-
storing impaired or lost functions.

Exact mechanisms of stem cell effects
in DMD are not yet fully studied, but even
nowadays we have a very powerful biologi-
cal weapon inhibiting the progression of the
disease and restoring muscle tissue, which
gives big hope for longer life expectancy of
the patients suffering from it.

Conclusions

1. The proposed method of fetal
progenitor cell administration is an
effective and promising therapeutic
approach in DMD.

2. Administration of stem cells directly
into the affected muscles results in
higher muscle tone, muscle bulk
growth stimulation, muscle and
general physical power increase,
immune boosting, intellectual capacity
and psycho-emotional improvement.
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Bnepsbie noctynuna B peaakumio 02.09.2018 r.
PekomeHpgoBaHa K rne4arun Ha 3aceaaHuu
penakuymMoHHOW KOJIIernn rnocae peLeH3npoBaHus
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