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eart failure (HF) is the leading cause of mortality
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SYSTEMIC RETRANSPLANTATION OF AUTOLOGOUS BONE
MARROW DERIVED MONONUCLEAR CELLS FOR HEART FAILURE:
REPORT OF SAFETY AND EFFICACY

Regenerative medicine with using autologous bone marrow derived stem cells (BMSC) has emerged
a promising approach.

Purpose of the study. Heart failure (HF) is the major cause of death worldwide. Despite the available
pharmacotherapy, prognosis is usually harsh. Here we assessed the safety and efficacy of autologous
bone marrow-derivedmononuclear cell (BMMC) retransplantation in HF (left ventricular ejection fraction,
LVEF <45%).

Material and methods. A whole number of 104 patients were included to the study (male=84 and
female=20), age 27 untill 65 with Heart failure. All patients underwent standard examination (12-lead ECG,
echocardiography, 6-minute walking test and laboratory tests).

After systemic BMMC retransplantation, EF was shown to rise at 12 months for both DCMP and ISCM
(32,1+1,3 vs 41,3+1,6% and 32,2+1,2% vs 39,3+2,6%, respectively; p-value <0,005). ProBNP recognized
as an early marker of HF tend to reduce sufficiently by 3 monthsand continued to recover at one-year follow-
up for both diseases (3266, +344,4 vs 361+35,9 ng/ml; p-value <0,0001 and 4618+267 vs 286+35,9 ng/ml;
p-value<0,0001 for ICMP and DCMP, respectively).

In conclusion, these results suggest BMMC transplantation is safe and well tolerated. BMMC infusion
has improved systolic myocardial function, and a consequence has delayed the progression of HF, which is
confirmed by recovering proBNP. Moreover, BMMC transplantation might favor by preliminarycell cultivation
due to enhanced mitochondrial function.

Conclusion. Taken as a whole, BSMSC retranplantation has proven to be safe and well tolerated. No
patient diagnosed with tumour, immune rejection, acute inflammation and worsening cardiac events. BMSC
reinfusion was shown to improve systolic myocardial function, and as a result to slow down the progression
of HF, which is confirmed by recovering proBNP known as an early marker of HF. What is more, it is now
possible to enhance the mitochondrial function by preliminary BMSC cultivation, especially, by using
antioxidative agents such as phosphocreatine.
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Material and methods

H worldwide. Up to date, standard pharmacological
treatment is the only available option for these patients,

but usually the prognosis for those with end-stage HF is un-
favorable. Regenerative medicine with using autologous bone
marrow derived stem cells (BMSC) has emerged a promising
approach [1, 2, 3, 4]. However, the available data for using
BMSCinHF is scare and usually the results are uncertain. In
our study, we aimed to evaluate the safety and efficacy of sys-
temic BMMC retransplantation in patients with HF (EF <45%))
at one-year follow-up.

Moreover, there is a gap in internationally accepted protocols
considering BMSC transplantation (safety, methods of delivery
and cultivation). Supporting the concept of cell dysfunction due
to chronic stress [5], we attempted to enhancemitochondrial
function as the main triggering factor of apoptosis and con-
sequent cell death through preliminary BMMC cultivation on
antioxidave cocktails.

Subjects were prospectively recruited at the National Medi-
cal Research Centre (Astana, Kazakhstan) between 2012 and
2014. A total of 104 patients aged from 27 to 65 years (male=84,
female=20) were considered to the study.

Including criteria were following:

« [I-1IT stages of HF (NYHA)

«LVEF <45%

All patients were categorized into 2 groups:

1. DCMP (n=51).

2. ICMP (n=53).

Each participant provided written informed consent.
All subjects underwent 12-lead ECG, echocardiography,
6-minute walking test (6(MWT) as well as assessment for
hematologic indexes (pro BNP, IL-6, IL-10 and cancer bio-
markers). After clinical examination patients were exposed
to bone marrow aspiration from posterior iliac crest with lo-
cal anesthesia (on average volume 400 ml). Then, isolation of
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mononuclear culture was done by means of biotechnological
methods, followed by cell cultivation on antioxidative agents
for 72 hours (phosphocreatine, “Neotone” and fructose-1,6-
diphosphate, “FDP”). Cell counts and flow cytometry for
BMMC were done by suing standard methods (6). Electron
microscope Libra-120 (Zeiss) was used for visual examina-
tion. BMMC transplantation was carried intravenously for
60-90 minutes (on average 140x10° cells). Following acute
adverse effects, blood pressure, heart rate and temperature
were measured during infusion. Afterwards, BMMC reinfu-
sion performed once in a 3-month period.

All patients received standard HF treatment (ACE in-
hibitors, b-blockers, aldosterone antagonists and diuretics).
Quality of life was evaluated through Minnesota Living With
Heart Failure Score (MLHFS) questionnaire [13]. Statistical
analysis was done by using t-test.

Results

Prior to cultivation, BMSC were presented by a hetero-
geneous cell population such as stem cells (SC), endothelial
progenitor cells (EPC) and other differentiated morphologi-
cal subtypes. Under electron microscope mitochondria were
basically characterized by dense matrix and a large number
of cristae with translucent spaces. However, it was noticed
most mitochondrial cristae are enlarged and destructed,
signifying cell dysfunction [picture 1] and as a result, af-
fected production of ATP that is the main source of cell
energy. Today, secondary impaired mitochondrial function
is considered to be a general cause ofmajor chronic diseases
[7, 8]. It is interesting mitochondrial failuremight trigger
the process of lysosome growth. Moreover, mitochondrial
dysfunction leads to enlargement and degranulation of endo-
plasmic reticulum (ER), as well as immaturity of secretory
granulesthrough affected protein synthesis. At the same
time, some BMMC were highly predisposed to abnormal
processes such as swelling, necrosis and apoptosis. Com-
monly, cell signs — impaired membranes and cytoskeletons
being typical for mitochondrial energy depletion indicate
the onset of apoptosis.

Though, after BMMC cultivation there were found 2 cell
populations: large BMMC containing light nucleus, and small
BMMC with hyperchromatic horseshoe-shaped nucleus and
abundant organelle inclusions (vacuoles and dense granules).
Both types demonstrated specific microscopic features; so,
cell cytoplasm of larger BMMC included free ribosomes,
immature organelles and decreased mitochondrial dense
matrix along with delineated cristae, and these all reflect
the enhanced phosphorylation and reduced macroenergy
compounds [picture 2]. While horseshoe-shaped BMMC
tend to have a more complex structure. Two types of ER
represented the cytoplasm: a non-granular comprised small
and hypertrophic cavities, and granular included protein, but
dense secretory granules were typical for both. There were
no signs of mitochondrial dysfunction, and what is more;
its structure was noted to be polymorphic.

After BMMC cultivation on FDP, inclusions of glycogen
were found in the cytoplasm. There is a body of evidence
that FDP provides anaerobic glycolysis by preserving-
glycogen stores [10, 11, 12]. However, there is no effect of
FDP on mitochondrial function. Whereas appearance of
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the following cell features such as minor dense matrix and
delineated cristae after BMMC cultivation on “Neotone”,
known as antioxidant drug, is the evidence of enhanced
mitochondrial function.

Taken together, BMMC cultivation prior to transplanta-
tion was demonstrated to improve mitochondrial function.
Furthermore, the procedure has been associated with re-
duced adverse effects. Although some hematologic indexes
such as leukocytes were raised after infusion, they have a
trend to recover in next 48 hours. According to MLHFS
questionnaire, improvement of the quality of life found in
97,1% (101) patients.

For ischemic cardiomyopathy (ICMP), there was a posi-
tive correlation between EF and BMSC retransplantationat
12 months (32,241,2% vs 39,3+£2,6%, respectively; p-value
<0,05) [table 1]. Despite the tendency to decreasing end-
diastolic volume (EDV) and end-systolic volume (ESV) by 12
months, the associations were not statistically significant.

ProBNP tend to drop sufficiently at 3 months (3266+344,4
ng/ml vs 1622+315,7 ng/ml, respectively; p-value <0,005),
and it continued to fall down to 361+35,9 ng/ml by 12 months
(p-value <0,0001).

After 4 BMSC reinfusions, anti-inflammatory marker,
IL-10 increased from 3,98+2,7 to 13,8+3,8 (p-value <0,001),
whereas inflammatory indicator, IL-6 reduced from 9,51+3,1
ti 2,58+1,01, correspondingly (p-value <0,001).

For dilated cardiomyopathy, association between EF and
BMSC reinfusion was also positive (32,1+1,3% vs 41,3+1,6%
at the baseline and at 12 months respectively, p-value <0,001)
[table 2]. EDV reduced from 212,6+10,1 ml to 155,5+£24,9 ml
by 12 months (p-value<0,005), while ECV changes were not
significant.

After first BMSC infusion, proBNP have a tendency to
decrease, and what is more 10-fold reduction has found by 12
months (4618+267 ng/ml and 286+35,9 ng/ml, respectively;
p-value <0,0001). Significant raise of IL-10 from 5,84+4,7
to 19,8+4.8 (p-value <0,001) and drop of IL-6 from 6,6+2,1
to 1,76+0,63 (p-value <0,001) at 12 months were also deter-
mined.

Taken together, BMMC transplantation has been demon-
strated to improve systolic myocardial function, and therefore
delaying the progression of HF that is confirmed by decreasing
proBNP known as early indicator of HF.

Discussion

It has been proposed that BM suspension iscomposed
of a heterogeneous cell population, for example, stem cells
(SC), mesenchymal SC (MSC), hematopoietic SC (HSC) and
EPC. These cells secrete a large number of growth factors,
which might be responsible not only for cellular survival,
but also for regeneration of damaged tissues. In this process,
angiogenesis may play a major role. In current study, we
observed the positive transformation of cellular organelles
as a result of preliminary BMMC cultivation onantioxidative
cocktails; particularly, these cells found to comprise a large
number of dense and translucent secretory vacuoles as well as
developed complexes of Goldie. Overall, these findings have
been revealed the importance of diminished oxidative stress
in order to inhibit apoptosis and subsequent cell death, and
hence favoring cell transplantation.
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Table 1 — Dynamics of echocardiography and serum indexes at one-year follow-up in patients with ICMP

1 month 3 months 6 months 9 months 12 months
EF, % 32,2+1,2 33,1%1,3 34,2+1,24 35,9+1,3 39,3+2,6*
EDV, ml 218,6*8,1 215,3+9,9 214,6%x12,6 215,1+14 1 201,5+24,9
ECV, ml 148,3+7,1 150,6+9,3 154,1=11,6 147,114 1 141,3+20,5
ProBNP, ng/ml 3266+344,4 1622+315,7 1505+ 461,2 1005+54,6 361+35,9*
IL-6 9,51+3,1 6,04+4,1 2,05+1,M 2,51£3,1 2,58+1,01*
IL-10 3,98x2,7 4,34+3,5 6,38%+2,1 10,9+3,6 13,8+3,8*
*p-value<0.05

Table 2 — Dynamics of echocardiography and serum indexes at one-year follow-up in patients with DCMP

1 month 3 months 6 months 9 months 12 months
EF, % 32,1%+1,3 34,1%1,5 32,8+2,08 30,9+1,3 41,3%1,6"
EDV, ml 212,6%+10,1 208,3+10,9 204+9,8 192,1+14,1 155,5+24,9*
ESV, ml 145,9+8,5 140,6%9,4 143,1+9,6 147,114 1 141,3+20,5
ProBNP, ng/ml 4618+267 1876+392 1154%365 1005+54,6 286+35,9*
IL-6 6,6x2,1 3,2+6,7 2,4=0,95 2,51£31 1,76%+0,6*
IL-10 5,84+4,7 8,3%1,2 19,641 19,9+3,6 19,8+4,8*
*p-value<0.05
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Picture 1 — BMMC before cultivation.

Electronography

Conclusion

Taken as a whole, BSMSC retranplantation has proven to
be safe and well tolerated. No patient diagnosed with tumour,
immune rejection, acute inflammation and worsening cardiac
events. BMSC reinfusion was shown to improve systolic myo-
cardial function, and as a result to slow down the progression
of HF, which is confirmed by recovering proBNP known as
an early marker of HF. What is more, it is now possible to
enhance the mitochondrial function by preliminary BMSC
cultivation, especially, by using antioxidative agents such as
phosphocreatine.
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Mitochondria are characterized by dense matrix and enlarged cristae.

Ay

Picture 2 — BMMC after cultivation on phosphocreatine.
Cytoplasm is presented by a large number
of mitochondria and free ribosomes. Electronography
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CUCTEMHOE BBEOEHUE AYTONOINMYHbIX MOHOHY-
KNEAPHbIX MPEKYNbTUBUPOBAHHbLIX KIIETOK KOCTHOIO
MO3IA NPU CEPOEYHOW HEQOCTATOYHOCTU

Mpes pereHepaTBHOWM Tepanuu € UCMONb30BaHWEM CTBOMNOBbIX
KMNeTOK KOCTHOro MO3ra ye cTana peanbHOCTbHO.

Llenb uccnepoBanus. M3yunte GesonacHocTb 1 adhdpekTuB-
HOCTb CMCTEMHOIO M NMOBTOPHOrO BBEAEHWUS ayTOMOrMYHbIX MOHO-
HyKneapHbIX KNeTok kocTHoro moara (MKKM) y naumeHToB ¢ XpoHu-
YecKon cepaeyHon HegocTatodHocTbio (EF<45%).

Martepuan u metoabl. O6cnenosaHo 104 nauneHTta (84
MY>XU4uHbl 1 20 XeHLWNH) B Bo3pacTe oT 27 Ao 65 net ¢ cuHapo-
MOM XpOHuYeckon cepgeyvHon HegoctaTtouHocTun (XCH) -1l ®K
(NYHA). BbinonHeHbl knuHuyeckne, bGuoxmmmyeckne aHanmsbl
KpoBu, nccnegosaHne Ha oHkomapkepbl (POA, NSE, CYFRA,
CA72-4, PCA, a-ceTtonpoTeuH), anekTpokapaunorpadus (3KI),
axokapguorpadusa (OxoKl). Bcem nauneHTam nocne otbopa
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no KpUTEPUSIM BKITIOYEHUSA NpoBedeHa Mnenoakcdysunsa us noa-
B3[OLUHONM KOCTW C nocrieaymlleit GUoTexHonornen nonyveHns
reMorno3aTU4eCKNX CTBOMOBLIX KNETOK N ayTOTE€HHON TpaHCnnaH-
Taumen BHYTPUBEHHO U3 KOHAMLMOHNPOBAHHOW Cpeabl — KNeTKK
B konunyecTtee 140x10°¢ B TeyeHne 60-90 MUHYT B NOKTEBYHO BEHY
NoA, KOHTPONEeM N3MepPEeHUin apTeprnanbHOro AaBeHuns, 4acToThl
CcepAeyHbIX COKpallleHUn n TepmomeTpun. [NoBTopHOE BBEAEHNE
KreTok npoBoAnnock Yepes 3-6-9-12 mecsaues. Bce naumeHTbl no-
ny4yanu 6asosyto Tepanuio XCH (MHrnbuTopsl AMN®, B-6rnokaTtopsl,
aHTaroHMCTbl anbAoCTepoHa, MOYeroHHble). KayecTBo XusHu
6onbHbIX ¢ XCH onpeaensinu no MMHHECOTCKOMY OMPOCHUKY
(MLHFO). ins aneKTpOHHO-MWKPOCKOMMUYECKOro UccneaoBaHnst
KynbTypanbHble knetku doukcrposanu B 2,5% pacTteope rmTap-
anbgernga ¢ noctdukcaumen B 1% pacteope 4eTblpexokucu
OCMMUSi, MPOBOAWIMN MO OBLLENPUHATON METOAUKE 1 3aKnioyanu B
3MOH. YNbTpaToHKMe cpesbl U3yyanu B 3N1EKTPOHHOM MUKPOCKO-
ne Libra-120 (C. Zeiss). Pe3ynbTratbl o6pabaTtbiBany ¢ NOMoLbO
t-kputepus CTblogeHTa.

Pe3ynbTaTthl M 06CcyxAaeHMe. YCTaHOBEHO, YTO MeTOAMKa
MOBTOPHOIO M BHYTPMBEHHOTO BBEAEHWNS 2y TONOMMYHbIX MOHOHYKIEe-
apHbIX KNETOK KOCTHOro Mo3ra 6esonacHa 1 XopoLLO NepeHOCUTCA na-
LMeHTaMu, yMeHbLLIAKTCA NOMOCTN NIEBOTO XeNyaoyKa, yrny4yliaeTcs
cucTonmyeckas yHKUNSE MUOKapaa, CHMXaeTCs (OYHKLMOHANbHbIN
KMacc XPOHNYECKOW cepaeyHON HeJoCTaTO4HOCTU.

BbiBoAbl. TpaHCcnnaHTauusa ayTONOTNYHbIX MPEKYNbTUBK-
pPOBaHHbIX MOHOHYKMEapHbIX KNeTOK KOCTHOro mo3ara npu AKMI1
asnsetcsa 6esonacHow npoueaypow. NoBTOopHOE BBeAeHMEM
npekynetTuBmMpoBaHHbix MKKM B coyeTaHuu ¢ onTumansHow mMe-
AnkameHTo3How Tepanveint XCH npuBoauT K ynydwexuto obuen
1 NokanbHON COKpaTUTENbHOM DYHKLMWM MUOKapAa, a Takxe Hop-
Manu3aunmm CUCTONIMYECKOW U AMaCTONNYECKOW PYHKLMIA NeBoro
xenyagouka.

[yTem npekynsTUBMPOBaHWS 1 BBEAEHWS PSAA 9HEPrOTPOMHbIX
hapmakonormyecknx npenaparoB BbISBMEHO ynyudlleHne Mopdo-
PYHKLMOHANBHOIO COCTOSIHUS [edHepreanpoBaHHbIX CTBOMOBbLIX
KMEeTOK, BKMOYas yCUNeHne MOLLHOCTM MUTOXOHAPWAanbHOro anna-
paTa 1 CMHTEe3a 3aLUMTHbIX aAanTUBHbIX OernKoB.

Knrouyeesie cnosa: cmeornossie Knemku, KocmHbit mose, U6C,
JKMIT, unmepnelKuHbl.
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XYPEK XETKIIKCI3AIN KE3IHOETN AYTONOIMUANbIK
MOHOHYKNEAPIblI KOPEKTIK OPTALA ©CIPIIFEH CYMEK
MWbIHbIH KNETKACbIH XXYWAENI TYPOE EHII3Y

Cyinek MublHbIH BafaHanbl xacywanapblH nanpganaHy
pereHepaTuBTI Tepanusl eKeHAiri WhIHAbIKKa anHangpl.

3eptTey makcartbl. Co3sbinmarnb! Xypek xeTkinikciaairi (EF<45%)
bap HaykacTapfa CyWeK MUbIHbIH ayTOnorMsanblk MOHOHYKNeaprbl
knetkacblH (MKKM) xywneni xxoHe kanTanamanbl Typae eHrisygin
Kayinciaairi MeH TMIMAINITIH OKbIN YAPEHY.

MaTepuman xoHe agicTepi. Cosbinmanb XXypek XeTKinikciaaik
(CXKXK) lI-1NOK (NYHA) cuHapombl 6ap 27-65 xac wamacbiHaarb!
104 Haykac 3epTTengi (oHbIH iwiHae ep — 84, aien — 20). KnuHu-
KanblkK, KAHHbIH OMOXMMUANBIK aHanM3aepi, OHKOMapkepre 3epT-
Tey, anekTpokapaunorpadgusa (OKI), axokapanorpadus (3xoKr)
)acanbiHabl. Tananka cevikec kenreH 6apnblk HaykacTapfa cyek
MbIKbIHbIHAH anblHFaH MUENO3KCcy3ums Xyprisingi, epi kapan 6uo-
TEXHOMOrusi apKbiNbl arnblHFaH reMonoaTUkanblk 6araHanbl KneTka-
nap anbiHbIN, KaiTa ayToreHAi TpaHcnnaHTauus apkbiibl KOKTamblp
ilWiHe KOHOULUWOHUPNEHTeH opTagaH anbiHFaH knetkanap 60-90
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MUWH KenemiHae WwbiHTakK BeHacbiHa 140x108 kenemiHae eHrisingi.
EHrizy 6apbicbiHAa HaykacTapAblH apTepuanbibl KaH KblCbIMbl,
YKXKXK >xeHe neHe TemnepaTtypachl 6akpinaHgbl. KnetkaHbl kaita
eHrisy 3-6-9-12 annappaa xyprisingi. 3epTTeyre katbickaH 6apnbik
HaykacTap XXCX-HblH 6a3anbik emiH kabbingaabl(AAD MHrMOK-
Topnapsbl, B-6rnokaTopnapsbl, anbAOCTEPOH aHTaroHUcTepi, 3ap
anpganTbiH npenapatTap). XKCXX 6ap HaykacTbIH eMip cypy canachbl
MwuHHecoTckun (MLHFO) cayanHamachl apkbifibl aHblKTanabl.
OneKkTpoHAbl MUKPOCKOMUSNbIK 3epTTey YLiH KOPEeKTik opTaja
ecipinreH knetka 2,5% rnoTapanbgerva epitiHgicimen 6ekiTingi,
GekiTinreH kneTka 1% TOPTOKUCTI OCMUNI epiTiHAiICiMeH eraenai.
YnbTpaxiHiwke KeciHginep anekTpoHabl mukpockon Libra-120
(C.Zeiss)apkbinbl 3eptTeniHgi.Hatnxenep CTbloAeHTTIH t-
KpUTEPUIMEH TankblnaHabl.

Hatuxenepi xaHe Tankbinaybl. Cynek MubiHaH anblHFaH
ayToNorusnblK Xacylua Kek Tamblp iLiHe XaHe KalTa eHridy Tacini
HaykacTapfa kayirnci3 >KeHe OHbl XKaKCbl KoTepeai, COHbIMEH KaTap Con
)aK kapblHLUIA KybICbl KiLLiperin M1oKapATbIH CUCTONUAIBIK XXYMbICbI
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akcapabl, CO3bINIMarbl XYPeK >XEeTKINIKCi3airiHiH, (yHKUMOHanbAbIK
Krnacbl TemeHgesi.

KopbITbiHAbI. JKMI ke3iHae cyhiek MublHbIH GaraHanbl
ayTOnorusinbIKk MOHOHYKIeaprbl >kacyLlanapblH TpPaHCINaHTaumsnay
kayinci3 npoueaypa 6onbin Tabblnaap.

Cosbinmansl Xypek XeTicneywiniriiae oHTannbl MegukameH-
TO34bl TepanuameH Bipre cyiek MUbIHbIH GaraHanbl ayTonornsanbIK
XacylwanapblHblH kanTanamanbl eHrisinyi MMoKapaTbiH, Xanmnbl
XOHe XeprinikTi XubIpbIfy KbIBMETIHIH XakcapyblHa XoHe Ae con
)KaK KapblHLLAHbIH CUCTONArbIK )XaHE AnacTonaHbIH PYHKUMNSICbIHbIH,
KannbiHa KenyiHe akenepgi.

KanTa ecipy afici apKblIrbl XXeHe 3HeproTponTbl hapMakonornasbIK
npenapaTtapabl kKabbingay A3sHeprusnaHfaH baraHanbl
XacywanapgblH MopdodyHKUMOHaNAb! Xaf4anblH XakcapTyFa,
MUTOXOHOPUANBIK annapaTtTbiH KyaTTbIMbIfbIH X8He KopfaylLubl
afanTuBTI akybl3AblK CUHTE3AI KyLLenTyre akenegi.

Heezizei ce3dep: baraHarnbl xacywanap, cytiek mubi, KUA,
LJKMI, uHmepnelikuHoep.
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