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Effect of Cryopreserved Placental Mesenchymal Stromal Cells
on Pro-Inflammatory State In Experimental Type 2 Diabetes mellitus

Pedepart: [Inabetnyeckas petvHonatus siBnsetcs Hambonee pacnpocTpaHeHHbIM MUKPOCOCYAUCTbIM OCMOXHEHMEeM caxap-
Horo AgvabeTa M OOHOW M3 OCHOBHBIX MPUYMH MOTEPW 3peHUs cpeaun nuy TpyaocnocobHoro Bospacta. B cBsA3n ¢ aTum m3yyenue
naToreHesa, a Takke pa3paboTka HOBbIX 3PPeKTUBHBIX METOAOB NPOMUNAKTUKMA N NeYeHnss anabeTnyeckon peTrHonaTum SBnseTcs
O[lHOW U3 aKTyanbHbIX Npobnem coBpeMeHHon odTanbmonornn. Ocobbll MHTEPEC Bbi3bIBAET UCMOMb30BaHNE Me3eHXUMarbHbIX
CTpOMarbHbIX KMETOK, CMOCOBHbLIX MPOHWKaTb B MECTO MOBPEXAEHWUS COCYAOB M TKaHEBOW MLLIEMUW, a Takke oKasblBaTb NPOTMBO-
BOCnanutenbHoe aenctene. B paboTe gaHa oueHka TepaneBTUMYecKON 3PPEKTUBHOCTU NPUMEHEHUS KPUOKOHCEPBUPOBAHHbIX
Me3eHXMMarbHbIX CTpOMarnbHbIX KneTok nnaueHTbl (KMCKI) npu akcnepumeHTanbHOM caxapHom anabeTte, MHAYLUPOBaHHOM
CTPEenTO30TOUMHOM U BbICOKOKanopumnHow guetown. lMonyyeHHble pe3ynbraTbl nokasanu, 4yto npenapat KMCKI okasbiBaet
NpOTUBOBOCNANUTENbHbIA 3MEKT B BUAE CHUXKEHUS KOHUEeHTpauum C-peakTMBHOro 6enka u dakropa Hekpo3a Onyxonu-o B
CbIBOPOTKE KPOBM, YTO MOXET CrocobCTBOBaTL npeaynpexneHnio anabeTnyecknx MUKPOCOCYANCTbIX OCIOXHEHWN.

KniouyeBble cnoBa: KpYOKOHCEPBMPOBAHHbIE Me3eHXUMallbHble CTpOMarbHbIe KNeTKN MnaueHTbl, CTPenTO30TOLMHOBbLIN caxap-
HbI Anabert, auabetuyeckas petuHonatusi, C-peakTuBHbIN Benok, dakTop Hekpo3a omyxonu-o, npoBocnanuTenbHble LIMTOKWHBI.

Pedpepar: [iabeTnyHa peTnHoNatis € HaWGiNbL MOWMPEHUM MIKPOCYAMHHUM YCKMafHEHHAM LyKpoBoro fiabety i oaHiewo 3
OCHOBHWX MPUYMH BTpaTK 30py cepend ocib npauesnatHoro BiKy. Y 3B'A3Ky 3 LMM BUBYEHHS naToreHesy, a TakoX po3pobka HOBMX
edeKTMBHUX MeTOo-iB NpodinakTukm 1 NikyBaHHs AiabeTUYHoI peTuHonartii € ogHieto 3 akTyarnbHWUX Npobrnem cyvyacHoi odTanbMonorii.
Ocob6nuBuIN iHTEPEC BUKINMKAE BUKOPUCTAHHS Me3eHXiManbHUX CTPOMArnbHUX KMNIiTUH, 3A4aTHUX NMPOHUKATU B MiCLe MOLUKOMKEHHS
CYAVH i TKaHWHHOI iwemii Ta HagaBaTu npoTusananbHy Aito. Y poboTi ouiHEHO TepaneBTUYHY e(PEKTUBHICTb 3aCTOCYBaHHS
KPiOKOHCEPBOBaHUX Me3eHXiMarnbHUX CTpoMarnbHUX KNiTMH nnaueHTn (KMCKI) npu ekcnepvMeHTanbHoOMy LykpoBoMy aiabeTi,
iHOQyKOBaHOMY CTpPenTo30TOLUMHOM Ta BMCOKOKanopinHoi gieto. OTpumaHi pesynstatn nokasanu, wo npenapat KMCKIT mae
npoTtu3ananbHuii edPekT y BUMMSAI 3HWXKEHHS KoHUeHTpauii C-peakTuBHOro 6Ginka ta daktopa HEKpo3y MyxNWHM-a Yy cupoBaTLi
KPOBI, LLLO MOXe CNpUSiTU NonepeaxeHHio AiabeTUyHMX MIKPOCYANHHWX YCKNaaHeHb.

KnrouoBi cnoBa: kpiokoHCepBOBaHi Me3eHXiMarnbHi CTpoMarbHi KMiTUHM NNaueHTu, CTPENTO30TOLMHOBUIA LlyKpOBMIA Aiaber,
niabetnyHa petuHonartisi, C-peakTuBHUIA BiNok, pakTop HEKPO3y MyXMMHWU-O, Npo3ananbHi LUTOKIHW.

Abstract: Diabetic retinopathy is the most common microvascular complications of Diabetes mellitus and one of the leading
causes of a vision loss among people of working age. In this regard, the study of pathogenesis and development of new effective
methods to prevent and treat diabetic retinopathy is one of the urgent tasks of current ophthalmology. Of particular interest is the use
of mesenchymal stromal cells capable of penetrating into the injury site of blood vessels and tissue ischemia as well as having an anti-
inflammatory effect. The paper assessed a therapeutic efficiency of cryopreserved placental mesenchymal stromal cells (cPMSCs)
in experimental diabetes induced by streptozotocin and high-calorie diet. The results demonstrated that the cPMSCs preparation had
an anti-inflammatory effect manifested in reducing the concentration of C-reactive protein and tumor necrosis factor-a in the blood
serum, likely contributing to the prevention of diabetic microvascular complications.

Key words: cryopreserved placental mesenchymal stromal cells, streptozotocin-induced diabetes, diabetic retinopathy, C-reactive
protein, tumor necrosis factor a, pro-inflammatory cytokines.

Caxapnbiit nuaber (CJ]) ocraercs rmobanbHOM
MEIUKO-COIMabHOM pobmemoit X X1 Beka, koTopast
00ycJIoB/icHa MaHIEMUYECKHUM XapaKTepoM PacIpo-
CTPAaHEHHOCTH 3200JIEBaHHS, BBICOKUM PHUCKOM
WHBAIMIU3AUA U CMEPTHOCTH. Tak, 1Mo OleHKaM
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Diabetes mellitus (DM) is considered to be a global
medical and social problem of the 21 century, which is
stipulated by a pandemic disease prevalence, high risk
of morbidity and mortality. Thus, according to the
International Diabetes Federation estimations, the
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International Diabetes Federation, umciao 60JIbHBIX
C/ 3a mocneanue 30 jeT yBemudmioch Basoe. una-
Oetnueckas peruHonatus (IP) sBusercs maubonee
pacrpoCTpaHEHHBIM MHUKPOCOCYIHUCTHIM OCJIOXK-
veaneMm CJ] 1 omHO# M3 OCHOBHBIX NMPUYIUH TOTEPH
3peHUs y JHUIl TPYAOCIOCOOHOTO BO3pacTa, 4TO
SIBJISIETCS OTPOMHOM SKOHOMUYECKON U COLIMAIbHOU
po0eMoi.

CBoOeBpeMEHHOE JICUCHIE, HAIIPABICHHOE HA TOP-
MoxxkeHune pa3BuTtus P, MoxkeT cmocoOCTBOBATH
YIYYIICHUIO KadecTBa u3HHU OonbHbIX CJ] u cHu-
YKCHHIO IMOKa3aTeleil MHBaTMAn3auu. B cBsa3u ¢ atum
M3y4deHHe MaToreHe3a, a TakkKe pa3padoTKa HOBBIX
3(h(peKTHBHBIX METOOB NMPOPHIIAKTUKY U JedeHus [IP
SIBJISICTCSL OJJHOW M3 aKTyalIbHBIX ITPOOJIEM COBPEMEH-
HOW 0 TAITbMOJIOT HIH.

B nocnennee gecsatuieTe cepaeyHO-COCYTUCTHIE
3a00J1€BaHUA M aTEPOCKIIEPO3 ACCOIUPYIOT C COCTOSI-
HUEM CUCTEMHOTO «MHUKPOBOCHAJICHHSD», IIPH KOTOPOM
OMOMapKephl BOCIIAJICHUSI COOTBETCTBYIOT BEpXHEH
TpaHHIIe HOPMBI, 9TO OCOOCHHO XapaKTEPHO I METa-
6onmmueckoro cuuapoma U CJ[ 2 tuma [15]. Tak, B
KIIMHUYeCKUX uccnenoBanusx Hoorn Study [10, 16, 20]
ObLIa BBISBIICHA BaXKHAsI POJIb CYOKITMHUYECKOTO BOC-
manenus B pa3sutuu [1P. Ilpu aTom OBLTIO OTMEUECHO,
YTO YBEJHWYEHHE B CHIBOPOTKE KPOBHU COAEPIKAHUS
MIPOBOCHAIUTENIBHBIX IMTOKUHOB, aJII€3UBHBIX MOJIC-
KyJI ¥ aKTUBAIUsl UMMYHHBIX KieTok npu CJ] koppe-
JIUPYIOT ¢ mporpeccuposanuem [P [6, 8].

CTBOIOBBIE KJIETKH YEJIOBEKa MPENCTaBISAIOT CO-
00l UCTOYHHK aHTUATIONITOTUYECKUX, aHTHHEOAHTHO-
TCHUYECKUX POCTOBBIX (PAKTOPOB, HOATOMY B O(pTaib-
MOJIOTHH BO3PACTaeT MHTEPEC K WX HUCIOIB30BAHUIO
IUTS TEPATTAH PA3IMIHBIX PETHHAIBHBIX 3a00JICBaHHUIH,
00YCIIOBIICHHBIX UH TYKIMCH MTaTOIIOTHYECKUX MEXaHU3-
MOB U ONOCPEJIOBAHHBIX JICHCTBUEM IPOBOCIIAIIH-
TEJBHBIX POCTOBBIX ()aKTOPOB (IIUTOKUHBL, XeMOKHWHBI
ured VEGF) [22].

OCHOBHBIE TIOKa3aTeH BOCIIATUTEIHLHOTO COCTOS-
HUS — TIOBBIIICHHBIH YpoBeHb C-peakTUBHOTO Oeika
1 (pakTOp HEKPO3a OMyXOJIH-0, ABISIOTCS HHTETPAITh-
HBIMH MapKepaM¥ MPOBOCIIAIUTEIHHOTO COCTOSHUS U
MOTYT OBITh KCIIOJIB30BAHBI ISl OLICHKH BBIPAXKCH-
Hoctu ocnoxHeHuit CII [12].

OcoObIif HHTEpEC BHI3BIBACT HCITOH30BAHUE ME-
36HXMMAaJIBHBIX CTPOMAJIBHBIX KIIETOK, CIIOCOOHBIX
IIPOHUKATh B MECTO IMOBPEXKJCHUS COCY/IOB U TKaHE-
BOH WIIEMHH, & TAKIKE OKA3bIBATh IPOTUBOBOCIIAIIH-
TenbHOE AeiicTBre. B HacTosmiei paboTe HCIOIb30-
BaJI ME3€HXUMAIIbHBIE CTPOMAITbHBIE KJIETKH TLTalleH-
1ol (KMCKII). Panee mokaszaHo, yTo B TKaHSIX JaH-
HOTO OpraHa COAEPKUTCS OOJBIIOE KOJIHMYECTBO
CTpoMaIbHBIX KIIeTOK [ 19]. Kpome Toro, mpuMeHeHHe
IJTAICHTHI B JIEYEOHBIX [ENSIX He TPOTUBOPEUHT ITH-
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number of diabetic patients within recent 30 years has
doubled. Diabetic retinopathy (DR) is the most com-
mon microvascular complication of the DM and is a
leading cause of vision loss among the people of working
age, that is a huge economic and social problem.

Timely treatment aimed to inhibit the DR develop-
ment can contribute to improved quality of life in the
DM patients and reducing the disability. So, the study
of the pathogenesis and development of new effective
methods to prevent and treat the DR is one of the
urgent problems of current ophthalmology.

During recent decade the cardiovascular diseases
and atherosclerosis are associated with the state of
‘microinflammation’ system, in which the inflammation
biomarkers correspond to an upper limit of the norm,
which is especially characteristic of metabolic syndro-
me and type 2 diabetes [15]. For example the clinical
Hoorn Study [8, 16, 20] revealed an important role of
subclinical inflammation in the DR development. It was
noted that an increase of pro-inflammatory cytokines,
adhesion molecules in the blood serum, as well as
activation of immune cells in DM correlated with DR
progression [3, 6].

Human stem cells represent a source of human
anti-apoptotic, anti-neoangiogenic growth factors, the-
refore ophthalmologists have an increasing interest of
their use to treat various retinal diseases associated
with the induction of pathological mechanisms and
mediated by the action of inflammatory growth factors
(cytokines, chemokines and VEGF gene) [22].

Basic indices of an inflammation, i. e. increased
amount of C-reactive protein and tumor necrosis
factor-a are integral pro-inflammatory markers and
could be used to assess the severity of the DM
complications [12].

Of particular interest is the application of mesen-
chymal stromal cells capable of penetration into the
sites of injury or tissue ischemia of vessels and provide
anti-inflammatory effect. In this research we have used
the cryopreserved placental mesenchymal stromal cells
(cPMSCs). As it was shown previously the tissues of
this organ contained a large amount of stromal cells
[19]. In addition, the use of placenta for medical
purposes has no conflict with the ethical norms because
itis a provisional organ, which is usually disposed after
a baby birth [1].

The research aim was to estimate the efficiency
of cryopreserved placental mesenchymal stem cells
to correct a pro-inflammatory state in experimental
type 2 Diabetes mellitus.

Materials and methods
The investigations were carried-out in adult Wistar
male rats of 130-160 g with experimental DM of
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YEeCKHM HOPMaM, TIOCKOJIBKY OHA SIBJISIETCSI IIPOBU30P-
HBIM OPT'aHOM, KOTOPBII OOBIYHO ITOIICKHUT YTHIIH3a-
UM TIOCIIE poXKAeHUs pedenka [4].

Lenb paboTs! — oeHKa 3P PeKTHBHOCTH TPUMEHE-
HHSI KPUOKOHCEPBUPOBAHHBIX ME3CHXUMAJIbHBIX
CTPOMAITLHBIX KIIETOK TUIAIICHTHI JJ1s1 KOPPEKIIUHU TIPO-
BOCIIAJIUTEIBHOTO COCTOSHUSI IIPH KCIIEPHUMEHTAIb-
HOM caxapHOM Auadere 2 THIa.

Marepuajabl 1 METOABI

Uccnenoanus npooaunu Ha moaenu C/I 2 tuma
Ha IOJIOBO3PEIBbIX CaMIax Ja00paTOPHBIX KPBIC IMHUH
Bucrap maccoii 130-160 1. Kpsic coneprxanu mpu 12-
YacOBOM JIHEBHOM OCBEIIIEHHH B CTAHJIAPTHBIX YCIIO-
Busix BuBapus (UHCTHTYT npobiieM KpuoOHOIOTHU 1
kpuomenuuasl HAH Ykpaunsl) npu Temmeparype
20...25°C, BmaxunocTu Bo3ayxa 50-55%.

MaHWUITYJISIIAH C YKUBOTHBIMU TIPOBOJIVIIA B COOTBET-
ctBuH ¢ «OOIMUMH PUHLIMTIAMH SKCIIEPUMEHTOB Ha
XKHUBOTHBIX», 0100peHHBIMU V HanmoHaabHBIM KOHT -
peccom o 6moaTuke (Kues, 2013) u cormacoBaHHBIMU
C MOJIOXKEHUAMU «EBpONEeicKOil KOHBEHIINH O 3aIlIUTE
MMO3BOHOYHBIX KUBOTHBIX, HCTIONB3YEMBIX JJISI KCIIe-
PUMEHTAIBHBIX U JIPYTHX Hay4dHBIX Ienei» (Crpac-
oypr, 1986).

Jiiss MonienupoBaHusi HHCYJIMHOPE3UCTEHTHOCTH
KpBIC B TCUCHHE JIECATH HEJENb COIePKaJld Ha BBICO-
KaJIOpHUitHOM nuete, BKItovaromei 15% xupos, 25%
caxapo3bl, 1% >KeTIHBIX KHUCIIOT, U CTaHIapTHOM
MIATaHuH, cocTapisBieM 59,0% (KoMOUKOpM, COTHBIE
KOpMa, TIOBapeHHas COJb, XKUPHI ad libitum n oxnax-
JICHHAs1 BOJOTIPOBOIHAS KUIIsTYEHAs BOAA B CTCKIISH-
HbIX Tonskax) [11]. MHTaKkTHBIE )KUBOTHBIE MOTYYaIN
CTaHJApPTHYIO ety BuBapus. Uepes deThipe Helenn
mocJie Havyaja KCIIePUMEHTa KpbIcaM, MOTyYaBIINM
BBICOKOKAJIOPUHHYIO JHETY, pa3 B HEJEIIO B TEUCHHUE
JIBYX HEJIEJIb BHY TPHUOPIONTMHHO BBOJIVITH IIUTPATHBIH
pacTBOp CTPENTO30TOIMHA B J103€ 25 MI/KT MacCh
Tena. KOHTPONBHBIM KUBOTHBIM 110 aHAJOTHYHOM
cXeMe BHYTPUOPIOIIMHHO BBOJIMIIN LIUTPATHBIN Oydep
[11]. BBegeHne cTpenTo30TOIMHA KpbICaM, HAXOAHB-
IIMMCSI Ha BBICOKOKAJIOPUMHOM HeTe, MPUBOJNIIO K
Pa3BUTHIO OTHOCHUTENHHOM HHCYIMHOBOW HEJOCTATOU-
HOCTH, YTO MOJATBEPKAAJIOCh MOBBIIICHUEM YPOBHS
0a3abHOMN TITMKEMHH M0 CPABHEHHIO C KOHTPOJILHBIMH
JKHBOTHBIMH: COOTBETCTBEHHO (8,35 = 0,18) MMoIb/1
u (4,92 + 0,21) mmonw/n. B Toxke BpeMs, mokazaTenu
MOCTIPAaHANAIBLHON THIIEPIIIMKEMHUU Y SKCIIEPUMEH-
TaNBHBIX KPBIC CBUJETEIHCTBOBAJIH O PAa3BUTHH HHCY-
JIUHOPE3UCTEHTHOCTH ¥ MHTOJIEPAHTHOCTH K TITFOKO3€
(6,86 £0,26) u (11,85 £ 0,56) MMOIIB/IT), YTO TTO3BOJISIET
rOBOPUTH O Hanuuuu y Hux CJ 2 tuna.

Yepes 7 cyTOK MOCIIE MOCIEAHEN UHBEKIIUH CTPET-
TO30TOIIMHA BCEX JKCHEPUMEHTAIBHBIX KUBOTHBIX
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type 2. The rats were maintained at a 12-hr daylight in
standard animal house conditions (Institute for Prob-
lems of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine) at 20...25°C with
50-55% air humidity.

Manipulations with the animals were performed in
accordance with the General Principles of the Experi-
ments in Animals, approved by the 5" National Con-
gress in Bioethics (Kiev, 2013) and consistent with the
statements of the European Convention for the Pro-
tection of Vertebrate Animals Used for the Experimen-
tal and Other Scientific Purposes (Strasbourg, 1986).

To simulate the insulin resistance the rats within
ten weeks were kept on a high calorie diet consisting
of 15% fat, 25% sucrose, 1% bile acids, and the stan-
dard food, which made 59.0% (feed-stuff, succulent
feed, salt, fats ad libitum and chilled boiled tap water
in glass drinkers) [10]. Intact animals received a stan-
dard vivarium diet. Four weeks after the experiment
start the rats which received a high-calorie diet, were
intraperitoneally injected with streptozotocin citrate
solution at 25 mg/kg body weight once a week for two
weeks. Control animals were similarly injected intra-
peritoneally with citrate buffer [10]. Streptozocin
introduction to rats, being on the high-calorie diet,
resulted in a development of relative insulin deficiency,
confirmed by an elevated level of basal glycemia
comparing to control animals: 8.35+ 0.18 and 4,92 +
0,21 mmol/l, correspondingly. At the same time the
indices of postprandial hyperglycemia in experimental
rats showed the development of insulin resistance
and glucose intolerance (6.86 = 0.26 and 11.85 +
0.56 mmol/l), allowing to suggest the occurence of
type 2 DM.

Seven days later the last streptozotocin injection
all the experimental animals were divided into groups.
Cryopreserved placental mesenchymal stem cells were
intravenously injected at a concentration of 1.1x10°
and intravitreally in the concentration of 0.1x10° both
to intact animals (group control + cPMSCs) and to the
rats with type 2 DM ( group DM + cPMSCs). Rats of
the DM + placebo group received 0.9% NaCl solu-
tion of the corresponding volume according to a similar
protocol.

The concentration of C-reactive protein was deter-
mined in blood serum by semi-quantitative latex
agglutination method with a sensitivity of 0.8—1.0 mg/1
of C-reactive protein (CRP) [9].

The concentration of tumor necrosis factor-o in
the blood serum of experimental animals was found
by enzyme immunoassay using the Vector-Best kits
(Russia).

To isolate and culture PMSCs the female rats at
pregnancy day 21 were sacrificed by asphyxiation with
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pasnenuin Ha Tpymibl. KprokoHCcepBHpPOBaHHBIE Me-
3eHXUMAaJIbHbIE CTPOMAaJIbHBIE KJIETKH IIJIAIleHTHI BBO-
JIAJIY BHYTPUBEHHO B KOHIIeHTpauuH 1,1%10° u unTpa-
BUTpeaabHO B KOHIEHTpanuu 0,1X10° HHTaKTHBIM
KUBOTHBIM (Tpymma «koHTposb + KMCKII») u kxpeicam
¢ CII 2 tuma (rpynma «CJ] + kMCKII»). Kpsicsr
rpynmsl «CI + mnaue6o» nomydanu 0,9%-# pacTBop
NaCl cooTBeTcTByMOIIEro 00beMa M0 aHAIOTHYHOU
cxeMme.

Konnenrpanuto C-peakTrBHOTO O€NKa ONpeaessiuii
B CBIBOPOTKE KPOBH C MOMOIIBIO MOTYKOJNYECTBEH-
HOTO METOJIa JaTeKCHOW armiloTMHALIUKA C YyBCTBH-
tenbHOCThIO 0,8—1,0 Mr/n C-peakTuBHOro Oelika
(CPB) [2].

Konuentpauuio ¢axropa Hekpo3a Omyxoiu-0 B
CBIBOPOTKE KPOBH IKCIIEPUMEHTANIBHBIX JKHBOTHBIX
OTIpeIEIsTH METOAOM MMMYHO(EPMEHTHOTO aHATTH3a
¢ momomb0 HabopoB ¢upmel «Bektop-becT»
(Poccus).

Jns Beiaenenus u kyneruupoBanus MCKII camox
KpbIC Ha 21-e cyTku OepeMEeHHOCTH BBIBOAIIIH U3
JKCTIIEPUMEHTA Ty TeM ac(PUKCHH IBYOKHCHIO yIiieposa
HEMOCPECTBEHHO Mepes MOJIyYEeHUEM MIIALEHTHI.
[InanenTty oTOMpay ¢ MI00B MY>KCKOTO 110J1a, 3aTeM
IIPOMBIBAJIM B COATAHCUPOBAHHOM COJIEBOM PAacTBOpE
Xenkca ¢ mobaBnenneM 50 HI/MJ CTPENTOMHUIIMHA U
100 Exn/mn nenunmiuinHa. XOpHUOH HM3MENbUaU C
MIOMOIIBI0 XUPYPIrUUECKUX HOXKHUIl M IIMIIOB Ha
(parMeHTHl pa3MepoM MPUOIH3UTENBHO (2—5)%(2—
5)%(2—5) MM, a 3aTeM IIPOMBIBAIIN B cOaTaHCHPOBaH-
HOM COJIeBOM pacTBope XeHnkca. O0pa3iibl moMenaim
B vamku Iletpu («Sarstedt», CIIIA) ¢ nurarenpHON
cpenoit DMEM, coaepxalieil BBICOKYHO KOHIIEHTpa-
o oko3bl U 10% (eranpHOM OBIYbEH CHIBOPOTKH
(DBC; «Hyclone», CIIA). KynsTuBupoBaHue mpoBo-
JIUITU B CTAaHJAPTHBIX YCJIOBUX IpH 37°C, BIaXXKHOCTH
90% wu 5% CO,. KynerypHyto cpeiy 3aMeHsIIH 1Ba
pasa B Henmenoo. KieTku cHMUMalIM C MOMOIIBIO
0,05%-ro pactBopa Tpuncuna («Bionormy», ['epmannst)
pu KoH}Ir03HCe KoNoHui 70%, TIIOTHOCTH MOCeBa
KJeTok cocrapisiia 5 000 ki/cm?. Aare3upoBasiime
k rwtacTuky MCKII 13 KppICHHOM MIaleHTH CHUMAH
¢ nomoitusio 0,05%-ro pactBopa Tpuncun-OTA
(«Biochrom», I'epmanus). [ns wHrnOupoBaHus
TPUIICMHA B CycHeH3ui0 KieTok BHocmimm DPbC mo
KOHeuHOH KoHTIeHTparuu 15%. KineTkn oTMbIBam OT
pactBopa Tpurcuna myteM HeHTpUPYTUPOBAHKSA 5 MUH
npu 300g, ocagok pecycneHAMpPOBaIN B PacTBOpE
Xenkca. Kpuoxoncepsupoanne MCKII mpoBogwnn
C TIOMOIIBIO TIporpaMMHOTO 3amopaxuBarens «3I1-
6.00.00.00» (CKTB ¢ OIl MucTutyTa mpobiem
kpuobuosornu u kpuomenuuuasl HAH Ykpaunsl,
. XapbkoB). IIporecc oxsaykaeHus POBOFITH CO CKO-
poctiio 1 rpan/mun ot 20 g0 —6°C, OCyIIEeCTBIISLIN
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carbon dioxide directly prior to the placenta obtaining.
The placentas were collected from male fetuses, then
washed in Hanks balanced salt solution supplemented
with 50 ng/ml streptomycin and 100 IU/ml penicillin.
Using surgical scissors and forceps the chorion was
cut into fragments of about (2—5)x(2—5)x(2—5) mm
size and washed with Hanks balanced salt solution.
The samples were placed into Petri dishes (Sarstedt,
USA) with DMEM, supplemented with a high con-
centration of glucose and 10% fetal bovine serum (FBS
Hyclone, USA). Culturing was performed under stan-
dard conditions at 37°C, 90% humidity and 5% CO,.
Culture medium was replaced twice a week. The cells
were detached by means of 0.05% tripsin (Bionorm,
Germany) at 70% confluence, the seeding density was
5,000 cells/cm?. Adhered to plastic PMSCs of rat
placenta were detached with 0.05% tripsin-EDTA
solution (Bionorm, Germany). Trypsin inhibition was
done by introduction of PBS in a final concentration of
15% into a cell suspension. The cells were washed
free of trypsin by centrifugation for 5 min at 300g, the
pellet was re-suspended in Hanks' solution. Cryopreser-
vation of PMSCs was done using the programmable
freezer ZP-6.00.00.00 (Special Designing and Con-
struction Bureau with Experimental Unit of the Institute
for Problems of Cryobiology and Cryomedicine). The
cooling process was started at 1 deg/min rate from 20
down to —6°C, crystallization was initiated. Then the
samples were at —6°C for 10 min. After the crystalli-
zation was complete the cryocontainers were cooled
at a rate 0.3 deg/min down to —35°C/min, then with
5 deg/min down to —50°C and 10 deg/min down to
—140°C, afterwards the biomaterial was transferred
into liquid nitrogen (—196°C) for a long-term storage
[11].

The results were statistically processed by the me-
thod of variation statistics. The pattern of characteristic
distribution in the sample was determined using the
Shapiro-Wilk test, and dispersion equality of charac-
teristic distribution was established by Leuven criterion.
Multiple comparisons of data with a normal distribution
were performed using ANOVA and Student-Newman-
Keuls method, in other cases the rank analysis of
variation by Kruskal-Wallis test and the comparison
of mean values by Dunn's one were carried-out [13].
The differences were considered as statistically signi-
ficant at p < 0.05.

Results and discussion

The performed studies revealed that type 2 Dia-
betes mellitus was accompanied by the inflammation
development, confirmed by almost 9-fold increase of
CRP concentration in blood serum of experimental
animals if compared with the intact ones (Table 1).
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VHUIHAIINIO KprCTaniooOpasoBanus. B Teuenne 10 muH
npenaparsl HaXOAUIUCh NMpH TemnepaType —6°C.
[Tocne 3aBepiieHus 3Tana KPUCTAIIN3AUN KPUOKOH-
TeHHEPHI OXJIaKAAIN co cKopocThio 0,3 rpang/mMuH 10
—35°C, 3arem — 5 rpan/mun no —50°C u 10 rpag/mun
1o —140°C, mocne yero Gmomarepual NEPEHOCHIIN B
xuakui a3oT (—196°C) g 1oArocpOYHOT0 XpaHeHUS
[3].

CrarucTryecknil aHaTU3 TOIYYSHHBIX Pe3ylbTa-
TOB OBLT MPOBEJIEH METOAAMH BapUAIIIOHHON CTATHC-
tuku. Onpenenenye xapakTepa pacupeeIeHUs Mpu3-
Haka B BBIOOPKE OCYIIECTBISUIM C HUCIOJIb30BAHUEM
kputepus llanupo-Yunka, a paBeHCTBO JUCIIEPCUI
pacmpeeneHus MPU3HaKa — ¢ TOMOIIBI0O KPUTEPHS
JleBena. 151 MHOXECTBEHHBIX CPAaBHEHUI JAaHHBIX C
HOPMAaJIbHBIM pacipeieICHUEM UCIOJIb30BAIH MMapa-
METPUICSCKUN OMHO(DAKTOPHBINA TUCIICPCHOHHBIN
anaimn3 ANOVA u meron Creronenta-HpiomeHa-
Keitnca, B apyrux ciiydasix — paHroBbIM aHaJIu3
Bapuatuii o Kpyckainy-Yosuincy v cpaBHEHUE CPEIHUX
kputepueMm Jlana. B ciydae, korja pacnpejiesieHue
MIPHU3HAKOB OTIINYAIOCH OT HOPMAaJIbHOTO, TAaHHBIE OBLITH
MPEACTABJICHBI B BUJE MeauaHbl (Me), MUHHUMAIIb-
HBIX U MaKCUMaIllbHBIX 3HaueHuu (min, max) [1].
Paznuuus cauTany CTaTUCTUYSCKU 3HAYUMBIMU MPU
p<0,05.

Pe3syabTarsl m o0cyxaeHne

B pesynbrare npoBeieHHBIX UCCIIEIOBAaHUMN yCTa-
HOBJIeHO, 9T0 C/ 2 THIIa COTTPOBOXKTAETCS pa3BUTHEM
BOCITAJIUTENHHOTO TPOIIecca, 9TO MOATBEPIKIAETCS
ITOYTH 9-KpaTHBIM MOBBIIIeHHEM KoHIleHTpannu CPb
B CBIBOPOTKE KPOBH IKCIIEPHUMEHTAIBHBIX KIUBOTHBIX
10 CPaBHEHUIO C HHTAKTHBIMH (Tabu. 1).

BBenenne KprokoHCEpBUPOBAaHHBIX ME3EHXUMAIIb-
HBIX CTPOMAJIBHBIX KJIETOK IUIALEHTHl KHUBOTHBIM C
CJ1 2 Tuma npuBOAMIIO K 3HAYUTEILHOMY CHHKEHHUIO
koHueHTpauu CPB B CBIBOpOTKE KPOBH IO CPABHEHUIO
C KpbICaMu, MOJTy4aBIIMMU Tianebo (tadm. 1).

[lonTBepxkneHreM pa3BUTHS TPOBOCTATUTETFHOTO
cocrostHus Ha JanHoi Monaenu C/I ObLI0 MTOBBIIIICHHE
KOHIICHTpAITH (hakTopa Hekpo3a omyxoir-o (DHO-a)
B CBIBOPOTKE KPOBH IKCIIEPHUMEHTAIBHBIX KIUBOTHBIX
Oomee yeMm B 3 paza (Tadm. 2).

M3BectHO, uTo PHO-0, Kak 1 qpyTHE MTPOBOCTIAIIH-
TeNbHBIe TUTOKUHBI, akTuBUpYeT NF-KkB- u c-JNK-
3aBUCHMBIE CUTHAJIbHBIE NYTH B NepU(epuIecKux
TKaHSX, YTO IPUBOAUT K YCUIICHUIO HHCYJIHHOPE3HUC-
TEHTHOCTH, Pa3BUTHUIO SHAOTEIUATBHON AUCHYHKINH
U IPOTPOMOOTHUECKUM COCTOSTHUSIM [14].

B cBIBOpOoTKE KpPOBHM KPBIC, KOTOPHIM BBOJIUIHU
kMCKII camxkanach WHTEHCUBHOCTH BOCIIATUTENb-
HOTO TIpoIlecca, O YeM CBHETEIHCTBOBAJIO YMEHBIIIe-
uue koHmerTparun @PHO-a Ha 30% mo cpaBHEHUIO ©
IpyMNION )KUBOTHBIX, MOMyYaBIINX Muiane6o (Tad. 2).
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Tabnuua 1. BnnsHne kMCKIT Ha koHLeHTpaumio
C-peakTuBHoro 6enka B CbIBOPOTKE KPOBU KPbIC C
caxapHbiM anabetom 2 Tuna (Me, min, max), n = 6

Table 1. Effect of cPMSCs on C-reactive protein
concentration in blood serum of rats with type 2 Diabetes
mellitus (Me, min, max), n = 6

KoHueHTpauua C-peakteHoro 6enka B
CbIBOPOTKE KPOBU, Mr/n
I C-reactive protein concentration in blood
pynna serum, mg/|
Group
Me Min Max
WNHTaKTHBbI
KOHTPOJTb 2,00 1,00 4,00
Intact
KoHTponb + kKMCKI 2,00
Control + cPMSCs | p,>0,05 1,00 4,00
CO + nnaue6o 16,00
DM + placebo p,<0,001 16,00 32,00
7,00
CO+ kMCK !
p,<0,01 4,00 8,00
DM + cPMSCs p21<0,001

MpumeyaHue: p, — NPU CPaBHEHUN C UHTAKTHBIM KOHTPOEM;
p, — Npw cpaBHeHum ¢ rpynnon «C[ + nnaue6o».

Note: p, —if compared with the intact control; p, — if compared with
DM+placebo group

Administration of cryopreserved placental mesen-
chymal stem cells (cPMSCs) to animals with type 2
Diabetes mellitus resulted in a significant decrease
of CRP concentration in blood serum if compared with
the rats which received placebo (Table 1).

The evidence of pro-inflammatory state aggravation
in the studied DM model was more than thriple
increasing of concentration of tumor necrosis factor
0 (TNF-0) in the blood serum of experimental animals
(Table 2).

It is known, that TNF-a, as other pro-inflammatory
cytokines, activates NF-kB and c-JNK-dependent
signaling pathways in peripheral tissues, resulting in
an increased insulin resistance, the development
of endothelial dysfunction and prothrombotic states
[14].

The inflammation intensity was decreased in the
blood serum of rats treated with cPMSCs, as evidenced
by reduction of TNF-a concentration by 30% if
compared with the group of animals which received
placebo (Table 2).

Thus, the use of cPMSCs led to reduction of pro-
inflammatory markers, decrease of inflammation in rats
with type 2 Diabetes mellitus, which could contribute
to the prevention and further progression of DR.

Various biochemical, hemorheologic and immuno-
logical mechanisms may be involved into the damage
of'blood vessels at DR. Recently, the numerous clinical
and laboratory studies emphasized the inflammation,
characterized by both systemic and local manifestations
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Taxum o6pazom, mpumenerane kM CKIT npuBogut
K YMCHBILICHUIO COJAEP>KaHUs MPOBOCIAIUTEIbHBIX
MapKepoB, CHIYKEHUIO HHTEHCUBHOCTH BOCIIAIUTENb-
Horo nporecca y kpoic ¢ C/I 2 Tuna, a 3HaYUT, MOXKET
CIOCOOCTBOBATh MPOQPUIAKTUKE U JaJbHEHIIEMY
nporpeccupoBasuo J[P.

broxumuyeckue, reMopeoIoTHIecKIe © HMMYHO-
JIOTUYECKHIE MEXaHI3MBI MOTYT OBITH 33J1eHCTBOBAHBI
B MOBpexieHnu cocynoB npu JIP. B nocnennue romapt
B pe3yNbTaTe MHOTOYHCIEHHBIX KIMHUYECKUX U
1a00paTOPHBIX KUCCICNOBAaHUM B KaYeCTBE BaXKHOTO
(bakTOpa maToreHe3a BBIIEISIFOT BOCIIAJICHHE, XapaK-
Tepu3yloleecs Kak CUCTEMHBIM, TaK U JIOKaJIbHBIM
MPOSIBIIEHUEM (CTEKJIOBUAHOE TEJIO M BOJSHHUCTAs
Bnara) [6].

[Ipu C/] BocnanieHue npruBOIUT K Pa3BUTHIO YBEIH-
YEHHON COCYIUCTOM MTPOHUIIAEMOCTH B ceTdaTke (ma-
OETUIECKHUI MaKyIISIPHBIN OTEK) 1 HEOBACKYIIAPH3AITIH
(mpomudeparusnas JIP) [21].

Hexotopeimu nccnenoBatenssMu ObUTIO BBICKa3aHO
MIPEATIONOXKEHNE O TMOTEHIIHATBHONW POJIM BOCIAIIH-
TEIHHBIX MeTHaTOpOB, B yactTHocTH DHO-Q, B pa3su-
tun JIP. Beicokuit yposens @HO-O BbIsABAANCA B
CTEKJIOBHJHOM TeJie, CHIBOPOTKE 1 INIa3HBIX (hrOpoBac-
KyJSIpHBIX MeMOpaHax y 6onbHbIx ¢ JIP [13, 17, 18].
Kpome Toro 6bu10 moka3zaHo, 4TO MOJIMMOPQHU3M reHa
®HO-0 00ycnoBieH NOBBIIEHHON YyYBCTBUTEIBHOC-
ThIO K JaHHOMY oclioxHeruro CII. OOHapyKeHOo, 4To
koHIeHTparmss @HO-O B CRIBOPOTKE KPOBH 3aBHUCHUT
oT craguu JIP u qocTuraeT MakCUMMallbHOTO YPOBHSI
IpH poTrdepaTUBHOM hopMe maToyioru# [7].

[Ipu ananuze ypoas @PHO-O B CHIBOPOTKE KPOBH
YKUBOTHBIX ¢ CJ/] OBLTO YCTaHOBIICHO, YTO IIPH KOMOMHHM-
poBannoMm BBeneHuu KM CKII 3HaunMo cHUXKaeTcst ero
ypoBeHs (6osee 30%, p <0,001) mo cpaBHEHHIO C TPYTI-
IO JKUBOTHBIX, ITOJTy4aBIIHNX TUIAIE00.

HHTterpanbHBIM MapKepoM MPOBOCHATUTEIBHOTO
COCTOSIHUS BJISIETCS MOBBIIIEHHBIH ypoBeHb CPB,
KOTOPBIN CTUMYIHPYET CEKPELUIO APYTUX IPOBOCTa-
JIMTEIBHBIX [IUTOKKMHOB, B yacTHocTH NJI-6 1 DHO-a
[18]. Pe3ynbraTsl mpoBeAeHHBIX UCCIETOBAaHAN TOKA-
3aJii, 9YTO B CHIBOPOTKE KpoBHU KpbIic ¢ CJI, momydas-
muX koMOmHMpoBaHHbIe HHBEKITMH KMCKII, moutn
BIBOC CHU3MIIACh KoHIleHTparus CPb o cpaBHeHHIO
C KOHTPOJBbHOW rpymnmo#t kuBOTHEIX ¢ CJ] 2 Tuma
(» <0,001).

BriBOABI

Cumwxenue koHrenTpauuu CPb, a Taxoke moBebliie-
Hue Oonee yeM B 3 pasa xoHueHtparuu @HO-O B
CHIBOPOTKE KPOBH IKCIIEPHUMEHTAIIBHBIX >KUBOTHBIX
CBHJICTEILCTBYIOT O BEIPAXKEHHOM IIPOTHBOBOCIIATIH-
teapHOM naericTBuu KMCKII, cmocob6cTByomemM
TIPEIYTIPESKICHHUIO THA0CTHICCKIX MUKPOCOCYIMCTHIX
OCJIO)KHCHMIA.
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Ta6bnuua 2. Bninasme kMCKI1 Ha koHUeHTpauumio dakTopa
HeKpo3a OrMyXomnn-0 B CbIBOPOTKE KPOBU KPbIC C CaxapHbIM
avabetom 2 Tuna (X+S), n=6
Table 2. Effect of cPMSCs on concentration of tumor
necrosis factor a in blood serum of rats with type 2
Diabetes mellitus (X £ S ), n =6

KoHueHTpauua C-peakTMBHOIro
[pynna 6enka B CbIBOPOTKE KPOBW, Mr/n
Group C-reactive protein concentration
in blood serum, mg/I
WHTaKTHbIN KOHTPOSb 2,00
Intact
KoHTponbe + KMCKI1 2,00
Control + cPMSCs p,>0,05
CO + nnauebo 16,00
DM + placebo p,<0,001
CO+ «kMCKM o 7<'%001
DM + cPMSCs p21<0,001

MpumevaHue: p, — NpU CPaBHEHUN C UHTAKTHLIM KOHTPOSEM;
p, — Npw cpaBHeHum ¢ rpynnon «C[ + nnaue6o».

Note: p, — if compared with the intact control; p, — if compared with
DM+placebo group

(vitreous and aqueous humor) as an important factor
in pathogenesis [3].

Inflammation at DM is involved in the development
of increased vascular permeability in retina (diabetic
macular edema) and neovascularization (proliferative
DR) [21].

Some researchers have shown the potential role of
inflammatory mediators such as TNF-a during DR
development. A high level of TNF-a was found in
vitreous humor, serum and ocular fibrovascular mem-
branes in the patients with DR [13, 17, 18]. Further-
more, there was shown that the polymorphism of
TNF-a gene was associated with an increased sen-
sitivity to this DM complication. It was shown that
TNF-a concentration in blood serum depended on DR
stage and achieved a maximum level at a proliferative
form of pathology [5].

When analyzing the TNF-a level in blood serum of
animals with Diabetes mellitus it has been shown that
combined administration of cPMSCs leads to a signi-
ficant reduction of its level (more than 30%, p <0.001)
if compared with the animal group treated with placebo.

An increased level of CRP, stimulating the secretion
of other pro-inflammatory cytokines, particularly IL-6
and TNF-a is an integral marker of proinflammatory
state [18]. The study results have shown that almost
twofold reduction of CRP concentration was found in
blood serum of rats with Diabetes mellitus treated
with combined injections of cPMSCs if compared with
the group of control animals with type 2 Diabetes
mellitus (p < 0.001).
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Conclusions

A reduction of CRP concentration, as well as the
increase of TNF-0 one more than thrice in blood serum
of experimental animals testify to the pronounced anti-
inflammatory effect of cPMSCs, which may contribute
to the prevention of diabetic microvascular complica-
tions.
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