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COMPARATIVE PHENOTYPIC ANALYSIS OF POPULATIONS
OF HEMOTOPOIETIC PROGENITOR CELLS WITH DIFFERENT EXPRESSION LEVEL
OF CD34 DERIVED FROM PLACENTAL TISSUE AND UMBILICAL CORD BLOOD

The investigation of placental HPCs and compare their properties with other fetal and adult HPCs are necessary for the evaluation
the possibility of their clinical applying. It has been shown that placental tissue contains three populations with different level of CD34
expression such as CD34™CD45°", CD34""CD45°" and CD34"°"CD45"°". Similar to fetal liver placenta contain both population of
CD34™ CD45°"" and CD34"CD45"°" cells that suggested about hematopoiesis in placental tissue. CD34™ CD45°"" population also express
CD133, almost negative by lineage markers and had lymphocyte-like morphology that give evidence that this population contain primi-
tive HPCs potentially stem cells. Also among placental cells are later progenitors with phenotype CD34"°"CD45" as majority of these
cells express hematopoietic lineage markers. Population with phenotype CD34*CD45°" was observed only in placenta that suggests
generated perhaps only in the placental tissue or migrate from the other sites of hematopoiesis and change the level of CD34 expres-
sion. Enzymatic treatment has insignificant effect on level of some cell surface protein in FACS analyze that worth to take into account in

such experiments.
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Introduction. Nowadays the serious problem of hema-
tology remains a deficiency of donors of hematopoietic
progenitor cells (HPCs) for the transplantation in cases of
hematologic malignancies and congenital disorders of he-
matopoiesis. Thereby the search of the new additional
sources of HPCs is important for medicine. Recently it was
shown that the human placenta plays an important role in
fetal hematopoiesis [ 2, 8]. On the other hand the immuno-
phenotype of placental-derived HPCs and their multipo-
tency are still insufficient studied. The investigation of pla-
cental HPCs and compare their properties with other fetal
and adult HPCs are necessary for the evaluation the pos-
sibility of their clinical applying. Thus the aim of this study
was compare the phenotype of placental HPCs with umbili-
cal cord blood HPCs.

Materials and methods. Placental and cord blood
mononuclear cells isolation. Placentas were obtained after
natural childbirth or by Cesarean section on the 39 —
41 weeks in 23 — 36 years woman after informed consent.
Umbilical cord blood was collected using standard cord
blood collection techniques. All samples were tested on
aerobic, anaerobic bacterial and fungal contamination. Ma-
ternal blood was tested for evidence of infection agent such
as HIV-1/2, HCV, HBV, CMV and Treponema pallidum.
Placental tissue was additional assay for Chlamidium tra-
chomatis, Mycoplasma genitalis, Ureaplasma urealyticum
and Ureaplasma parvum, HSV-1/2, CMV. The umbilical
cord was cut and removed along with amniotic sac and
deciduas from the placenta. Placenta was minced on small
fragments by scissors. Remains placental blood was ex-
tensively washed from fragments of placental tissue on
shaker until tissue became colorless. Placental tissue was
treated with 0,2% collagenase | (Serva, Germany),
0,35 mg/ml hyaluronidase (Sigma, USA), 100 U/ml DNase |
(Sigma, USA), 1 mg/ml BSA for 30-40 min at +37°C. After
that placental cells were isolated by filtration through a
70um cell strainer (Becton Dickinson, USA). Remaining
tissue was incubated with fresh portion of enzymes for 20-
40 min at +37°C. Mononuclear cells from placenta and
umbilical cord were recovered by Ficoll density gradient
fractionation (Density 1,077g/ml, Biochrome, Germany),
washed twice, and filtered through a 40 pm cell strainer .
Mononuclear cells from umbilical cord blood were treated

with the same mix of enzymes for 50 min at +37°C and
ones washed in PBS .

Flow cytometry analysis. For immunophenotyping pla-
cental and cord blood cells were stained with the following
fluorochrome conjugated monoclonal antibodies (Becton
Dickinson, USA): anti-CD34 APC, anti-CD90 FITC, anti-
CD45 APC-Cy7, anti-CD105 PerCP-Cy 5.5, anti-CD73 PE,
anti-CD14 Pacific Blue, anti-CD31 PE, anti-CD133 PE, anti-
45RA FITC, anti-CD7 PE, anti-CD19 PE-Cy7, anti-CD33
FITC, anti-CD235a PE. Measurements were performed on
cell sorter BD FACSAria (Becton Dickinson, CLLUA).

Statistical analysis. Results are expressed as mean
with 95%-confidence interval. Statistical significance was
determined using the U-Mann— Whitney test.

RESULTS. In previous investigation we have shown
that ISHAGE protocol is more appropriate for FACS analy-
sis of HPCs derived from native and cryopreserved placen-
tal tissue [9]. Analysis by this protocol shown that content
of population HPCs that have phenotype CD34"CD45""
with lymphocyte-like morphology (SSC"°*) among CD45"
cells from native placental tissue was 0,60 % (0,39 —
0,86 %, n = 13). The percentage of CD34'CD45°"SSC""
among CD34'CD45°" was 78,5% (70,5 — 85,6%,
n=13).We have shown that placental tissue consist of three
populations that differ in expression level of CD34. We
designate they as CD34"°"CD45°"", CD34*"CD45°"" and
CD34""CD45°"". Two populations CD34"°*CD45"°"" and
CD34"CD45™"" were determined both in placental tissue
and in cord blood (Fig.1a,b). CD34"*CD45""" population
from placental tissue were also positive by CD133 (Fig.1d).
The level of expression of CD14 on placental cells with
phenotype CD34"°*CD45°"" and CD34"'CD45°"" was
7,24 % (3,27 — 12,62%, n=4) and 3% (0,48 — 7,57%, n=4)
in contrast to the same populations of cells from cord blood
where it almost missing. Population of cells with phenotype
CD34""CD45°"" was present in placental tissue and al-
most absent in both cord blood and fetal liver (Fig.1a-c).
The percentage of CD34***CD45"°"" cells among all viable
mononuclear cells was 0,28% (0,05-0,70) in placental tis-
sue and 0,006% (0,003-0,01) in cord blood. FASC analysis
was shown that CD34*"CD45°"" cells isolated from pla-
cental tissue in general have lymphocyte-like morphology
(FSC°"SSC™) whereas both CD34'CD45°"" and
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CD34"*CD45"" cells are very heterogeneous by morphol-
ogy (Fig.1e-g). Also increasing of expression of CD45 on
CD34"-cells lead to increasing their granularity and size
(Fig.1h). The multiparameter flow cytometry analysis dem-
onstrated that CD34™**CD45"™" cells had immunophenotype
CD33™", CD14™", CD235, CD19, CD7"", CD45RA
(Fig.1i-n). The level of expression of CD14 on
CD34""*CD45"" placental cells were 4,25 % (1,49 —
8,35%, n=4). Expression of CD14 was increased with de-
creasing of expression level of CD34 on CD45°"cells from
placental tissue. Similarly the expression of CD7 and CD19
increased with decreasing expression level of CD34 on
CD45""cells from placental tissue and cord blood. Unlike

cord blood and fetal liver placenta contain the population
CD34"°“CD45" cells. This population characterized by
higher levels of lineage markers expression compare to
population with lower level of CD45 and with higher level of
CD34. The level of expression of CD14 together with CD33
on CD34"°“CD45" cells was 73,5% (54,15 — 88,39%,
n=4), the expression level of CD7 and CD19 on this popu-
lation were 14,17% (8,38 — 21,18%, n=4) and 3% (1,38 —
5,24%, n=4) respectively. Furthermore level of expression
hematopoietic lineage markers increased on placental
CD34 positive cells with increasing expression level of
CD45 and decreasing CD34 (Fig.10-r).
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Fig 1. Histograms of CD34"'°*CD45", CD34""'CD45"", CD34"**CD45"" and CD34"°*CD45" cells populations from placenta (a),
cord blood (b) and fetal liver (c). Histogram of expression of CD34 and CD133 in placental tissue (d).
Histograms of FSC/SSC (morphology of cells) for populations with phenotype CD34***CD45"" (e), CD34"*CD45"" (f),
CD34"°“CD45"" (q) and CD34"'°*CD45" (h) from placenta tissue. Histograms of expression of CD34 and lineage markers
in placental tissue such as CD33 (i), CD14 (j), CD235 (k), CD19 (I), CD7 (m) and CD45RA (n).
Histograms of expression of both CD14 and CD33 on cells populations with phenotype CD34***CD45"" (0), CD34"'CD45"" (p),
CD34"°"CD45"" (q) and CD34*°"CD45" (r) from placenta tissue. The results are representative of four experiments

We investigated the effect of enzymatic treatment that
we used for isolation of placental cells on the expression
level of some hematopoietic markers in umbilical cord
blood. In most analysis we didn't observed a significant

differences in the level of the expression of markers. How-
ever we have shown that the amount of cells in populations
with phenotype CD7'CD45RA" CD45'CD45RA" were sig-
nificant increased in enzymatically treated samples (Tab.1).

Table 1. The influence of enzymatic treatment on the selection of umbilical cord blood cells with some phenotype

Level of markers expression in umbilical cord

Markers Level of markers expression in umbilical cord blood, % blood after enzymatic treatment, %
CD7CD45RA 16,7 (10,4-24,3) * 25,2 (21,5-29,7) *
CD45CD45RA 40,4 (31,3-49,8) * 52 (44,7-59,1) *
CD33 12,6 (3,9-25,2) 19,6 (10,0-31,5)
CD34 0,9 (0,6-1,2) 1,1 (0,7-1,6)
CD14 10,2 (1,1-27,0) 17 (8,2-28,3)
CD19 19,5 (8,7-33,2) 16,2 (7,9-26,8)

* — significantly different, n=4, p<0,05. All data not presented
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Discussion. The analysis of the phenotype of placental
mononuclear cell fraction once more confirmed that placen-
tal tissue contains hematopoietic progenitor cells. The per-
centage of CD34'CD45°"SSC”™ among CD34'CD45""
that is lower than in cord blood evidence about necessity of
gating the CD34"CD45"" cells by morphology as described
in previous our work [9].

Placental tissue contains HPCs with different expres-
sion level of CD34 that we suggested evidence about dif-
ferent stage of immaturity. Similar to fetal liver placenta
contain both population of CD34"*CD45°“" and
CD34'CD45""cells that suggested about hematopoiesis
in placental tissue. On the other hand among placental
cells are more mature HPCs with phenotype
CD34""CD45" in contrast to fetal liver and cord blood.
Majority of these cells express hematopoietic lineage
markers that indicate they are later progenitors. We have
shown that expression of lineage markers on HPCs such
as CD14, CD7 and CD19 increased with decreasing of
expression level of CD34. The fact that we find progenitors
of different stage of differentiation into mature placental
tissue suggests that such cells continue to generate in the
placenta and/or migrate to the placental tissue and didn't
disappear until the moment of birth.

Also we shown that CD133 mostly was expressed by
placental and cord blood CD34"*CD45°"" that give evi-
dence about primitively of this population of cells. Their
stage of immaturity was confirmed by the level of lineage
markers CD33, CD235, CD19, CD7 and CD45RA on the
verge of absence however some cells among this popula-
tion expressed CD14. Interestingly placenta contain
CD34"**CD45°"" cells that as well as CD34**CD45"" did-
n't express lineage markers but in contrast to
CD34"*CD45""" cells were negative for stem cells markers
CD133 and have heterogeneous morphology. The ab-
sence of such cells in cord blood and fetal liver suggests
that they perhaps generated only in the placental tissue or
migrate from the other sites of hematopoiesis and change
the level of CD34 expression. We propose that population
of placental HPCs which have the very high level of cell-
cell adhesion protein CD34 (CD34"**CD45°"") allows them
to interact with placental cell niche. It was studied at a sin-
gle cell level the characteristics of a populations of CD34"""
hematopoietic progenitor cells that autors defined in human
umbilical cord blood and these cells have extensive prolif-
erative and replating capacity in vitro [3].

Thus placenta contain primitive HPCs potentially stem
cells with phenotype CD34"*CD45°"". These observations
are in agreement with reports showing that cells with high
level of CD34 contain primitive hematopoietic progenitors
including stem cells and primitiveness of progenitor cells
was closely related to levels of CD34 [4, 5, 6, 7, 10]. Bar-
cena et al. found two population CD34"*CD45°" and
CD34'CD45"" in chorionic villi and in the chorioamniotic
membrane of different stage of placental development.
CD34""'CD45°" cells express markers of multipotent
primitive hematopoietic progenitors and hematopoietic
stem cells and demonstrate myeloid and erythroid potential
in vitro, generated CD56" natural killer cells and
CD19°CD20"sIgM* B cells in polyclonal liquid cultures
while CD34"CD45°" content more committed progenitors
[2]. Fetal bone marrow cells also contain population of cells
with different expression level of CD34 (CD34"™ and
CD34'°) wherein only CD34" cells has phenotype of the
most primitive hematopoietic cells such as Thy-1",HLA-
DRY, CD38°", CD45RA", also expressed low levels of
antigens CD13 and CD33 but no detectable cell surface
antigens of more mature cells (CD2, CD10, CD14, CD15,
CD16, CD19, glycophorin A) in addition CD34" cells sup-

port long-term B lymphopoiesis and myelopoiesis in vitro
and mediate T, B, and myeloid repopulation of human tis-
sues implanted into SCID mice [5]. In adult bone marrow
CD34 antigen density decreased concurrently with matura-
tion and increasing CD38 antigen density [10]. It was re-
ported that fetal liver contain cells with high level of CD34
and they were enriched for Thy-1*, CD117", CD123", HLA-
DR*, CD7,, CD38", CD45, CD71",CD115 and able to recon-
stitute lymphoid and myeloid lineages in SCID-hu mice [6].

We have shown that enzymatic treatment that we used
for placenta in some cases change the expression of some
hematopoietic markers in umbilical cord blood that de-
tected by FACS. Also it was reported that the intensity of
expression of CD3, CD4, CD8, af and yd T cell receptors
that examined by FACS was decreased by 25-40% in pe-
ripheral blood lymphocyte that were incubated with colla-
genase type 1 A and Dispase [1]. It is worth noting that in
our case the expression level was increased in the case of
enzymatic treatment. Thus when comparing the expression
of markers by FACS in the two samples, one of which was
treated of enzymes while the other didn't it worth to take
into account that the resulting difference may be caused
only by the effect of enzymatic treatment. We consider that
in such cases worth to treat all samples for obtaining reli-
able data. In our investigation we were treated the cells
from cord blood with enzymes that we used for placenta
and then analyzed by FACS.

Conclusions. Placental tissue contains three popula-
tions that differ in expression level of CD34 such as
CD34"°“CD45°"", CD34"*CD45°"" and CD34"**CD45"°"".
Similar to fetal liver placenta contain both population of
CD34"'CD45°"" and CD34'CD45""cells that suggested
about hematopoiesis in placental tissue. CD34""'CD45"°""
population also express CD133, almost negative by lineage
markers and had lymphocyte-like morphology that give
evidence that this population contain primitive HPCs poten-
tially stem cells. Also among placental cells are later pro-
genitors with phenotype CD34°“CD45" as majority of
these cells express hematopoietic lineage markers. Popu-
lation with phenotype CD34*"*CD45"°" was observed only
in placenta that suggests generated perhaps only in the
placental tissue or migrate from the other sites of hemato-
poiesis and change the level of CD34 expression. Enzy-
matic treatment has insignificant effect on level of some
cell surface protein in FACS analyze that worth to take into
account in such experiments.
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WHcTuTyT MonekynspHoi 6ionorii Ta reHeTukn HAH Ykpainu, Kuis, IHcTUTYT KkniTuHHOI Tepanii, KuiB,
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MOPIBHANBHUA ®EHOTUMIYHUA AHANI3 NONYNALIW FEMONOETUYHUX NPOMEHITOPHUX KNITUH
3 PI3HUM PIBHEM EKCIMPECIT CD34, OTPUMAHUX 3 TKAHUHU NNALEHTU | NYNOBUHHOI KPOBI

HocnidxeHHs nnayeHmapHux 2emonoemu4Hux npozeHimopHux knimuH (I'TIK) i nopieHsiHHs ix 3 enacmueocmsimu MK nnody i dopocnozo op-
2aHi3My HeobXiOHi Onsi oyiHKU Moxueocmi ix KniHiYHO20 3acmocyeaHHsi. Byno nokasaHo, wy0 MKaHuUHa naayeHmu mMicmums mpu nonynsyii 3
pi3HUM pieHem ekcnipecii CD34, maki sik CD34™*CD45"°", CD34' CD45"°" i CD34"°“CD45"". 5k i @ pemanbHiii nevinyi, @ nnaueHmi micmamscs no-
nynayii 3 peHomunom CD34"*CD45"°"" | CD34*CD45°*", wo do3eonsic 2080puUmu NPo KPOBOMEOPEHHS 8 NnaueHmapHii mkaHuHi. CD34** CD45™""
nonynayisi makox ekcripecye CD133, npakmuyHo HezamueHa o fiHiliHuM Mapkepamu i Mae nimgpoyumonodi6Hy mopgponoeziro. Lje ceidyumsb npo
me, w0 maka nonynsayisa micmums npumimueHi MK, nomeHyiliHo — cmoebyposi knimuHu. Takox ceped nnayeHmMapHuUXx KIimuH npucymHi 6inbw
ni3Hi Nnpoz2eHimopu 3 gheHomunom CD34"°CD45". Binbwicmb makux Knimux ekcrnipecye 2eMornoemusyHi niHitiHi mapkepu. lMonynsauis 3 ¢peHomu-
nom CD34"**CD45"°" cnocmepizaemucsi nuwe @ nnaueHmi, KNIMUHU 3 MakuM PeHOMUINoM, iMO8IPHO, YMEOPIOIMLCA MiNbKU 8 MaayeHmapHii
mKaHuHi i/abo mizpyroms 3 iHwux calimie KPO8OMEOPEHHSI, 3MIHIOIYU NPU YboMy pieeHb ekcripecii CD34. ®epmeHmamueHa 06pobka Mae He3Hay-
Hul ennue Ha pieeHb ekcnpecii nosepxHeeaux 6inkie npu FACS aHanisi, wjo eapmo epaxoeyeamu e nodi6HUX eKkcriepuMeHmax.

Knro4oei cnosa: 2eMmonoemuyHi npo2eHimopHi knimuHu, nnayeHmapHuli 2emornoes, ekcripeciss CD34 mapkepa, nyrnosuHHa Kpos.
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WHcTuTyT MonekynsipHou 6uonorum u reHetnkn HAH YkpauHbl, Kne, MHCTUTYT kneTouHon Tepanuum, Kues,
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CPABHUTENbHbLIA ®PEHOTUMUYECKUN AHATTIU3 NMONYNALUN
FEMOMO3TUYECKUX NMPOFEHUTOPHbIX KNETOK C PA3NIMYHLIM YPOBHEM 3KCMPECCUMN CD34,
MOJNTYYEHHbIX U3 TKAHU MNALEHTbI U NYNOBUHHON KPOBU

UccnedoesaHue nnayeHmMapHbIX 2eMONO3MuUYecKuUx npo2eHumopHbix knemok (I'TK) u cpaeHeHue ux co ceolicmeamu I'TIK nnoda u e3pocsiozo
op2aHu3Ma Heob6xo0uMbl Osisi OUYEHKU 803MOXXHOCMU UX K/TUHUYECKO20 npumeHeHusi. bbino nokasaHo, Ymo mkaHb nnayeHmsl codepxum mpu
nonynAYUU ¢ Pa3NUYHLIM YPo8HEM aKkcripeccuu CD34, makue kak CD34"* CD45"", CD34" CD45"°" u CD34™°"CD45"". Kak u @ ghemansHoli nevenu, e
nnayeHme codepxamcs nonynauuU ¢ heHomurnom CD34"CD45°"" u CD34'CD45"°"", ymo no3seonsiem 2080pumL 0 KPOBEMEOPEHUU € NaaueHma-
PpHOU mKaHu. CD34"* CD45""" nonynayus makxe akcrnpeccupyem CD133, npakmuyecku ompuyamersibHa 1o JIUHeUHbIM MapKepaM u umeem J1UM-
¢oyumo-nodobHyto Mopghosio2uro. Mo ceudemesibcmeyem o MoM, Ymo Mmakasi nonynsyusi codepxxum npumumueHsie 'TIK, nomeHyuanbHO
cmeornosble knemku. Takke cpedu nnayeHmapHbIX Kiemok npucymcmeyrom 6onee no3oHue npoaeHUmMopsb! ¢ gheHomurnom CD34"°"CD45". Bo-
JIbWUHCMEO MmakKuXx KJIemoK 3Kcrpeccupyem 2eMornoamuyeckue sluHeliHble mapkepsbl. [lonynsayusi ¢ ¢peHomunom CD34™CD45°" na6nodaemcs
mosnbKo 8 nnayeHme, K1emKu ¢ makuMm ¢peHomurom, npeonosioxumesibHO, 06pa3yromcsi MoJsibKO 8 NiaayeHmapHol mkaHu u/unu Muepupyrom u3
Odpyaux calimoe KpoeemeopeHusi, U3MEeHsIS MPU 3MoM ypoeeHb 3kcripeccuu CD34. depmeHmamueHasi o6pabomka oka3blieaem He3Ha4umesibHoe
e/luUsiHUE Ha ypoeeHb 3KCMpPeccuu MoeepxHocmMHbIx 6esikoe npu FACS aHanu3e, Ymo cmoum y4yumbigamb 8 MO0G06HbIX IKCrepuMeHmax.

Kntoyesnbie crioea: 2ceMonoamuyeckue npo2eHUMoOpHbIe KIiemku, niayeHmapHbili 2eMornoas, akcrnpeccusi CD34 mapkepa, nynoesuHHasi Kpoeb.
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DEVELOPMENT OF PIG CUMULUS-OOCYTE COMPLEXES AT CONSTANT
AND OSCILLATING TEMPERATURE AND PH

It is shown that replacement of constant temperature and pH of culture conditions by oscillating ones does not significantly
decrease diameter of COCs as a result of their maturation in in vitro culture for 24 hours. Increase in content of follicular fluid
from 10 % to 20 % in the medium of their maturation NCSU does not influence the gain in COCs diameter.
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Introduction. Improving the growth and development
of the live object remains relevant because the problem
associated with the increase of its productivity and im-
provement of its viability. You can select two opposite to
each other, strategic approaches to its solution: genetic
and epigenetic, which, like any opposites, deny and com-
plement each other and are interconnected by passages.

Gene expression takes place only in certain environments
[23]. It is pointed out, in particular, by such concepts as
expressivity and penetrance. The result of the development
of a biological object is not only preformed, in particular, in
the form of genetic program but also is determined by the
epigenesis, in particular, by the influence of external condi-
tions. And then, by the creation of conditions of the envi-
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