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Aim. The determination of chromosomal abnormalities in samples from early pregnancy losses and allelic
polymorphism of HLA-DRBI and DQAI genes in couples with recurrent miscarriage. Methods. Banding
cytogenetic and interphase mFISH analysis, DNA extraction by salting method, PCR, agarose gel electro-
phoresis. Results. Cytogenetic and molecular-cytogenetic investigations of SA material identified karyo-
type anomalies in 32.4 % of cases with prevalence of autosomal trisomy — 42.65 %, triploidy —30.38 % and
monosomy X — 19.11 %. Complex analysis of frequency and distribution of allelic variants of genes HLA-
DRBI and HLA-DQA allowed establishing the alleles DRB1*0301, DRBI1*1101-1104 and DQA1*0501 to
be aggressor alleles in women with recurrent pregnancy loss (RPL). The cumulative homology of allelic
polymorphism of more than 50 % of HLA-DRB1 and HLA-DQA1 loci between partners increases the risk
of RPL by almost four times. Conclusion. The detected chromosome aneuploidies in the samples from
products of conception and the changes in the major histocompatibility complex genes can cause the failure
of a couples reproductive function and can lead to an early fetal loss.
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Introduction

Approximately 15 % of all clinically recognized pre-
gnancies are spontaneously aborted. Miscarriage in-
cludes spontaneous abortions (SA) from the start to
the 23-rd week of gestation [1, 2]. The most often
cited preconditions for recurrent miscarriages (RM)
are the antiphospholipid syndrome in mothers, ge-
netic abnormalities in parents or in fetuses, anatomi-
cal and endocrine factors, inherited thrombophilias
and various immunological causes [3, 4]. Among the
most frequent risk factors for SA are the age of the
mother and the pathology of the fetus.

Pregnancy losses (PL) in 60 to 80 % of the cases
are associated with chromosomal abnormalities (CA)

in embryos or fetuses [5—13]. Up to 95 % of concep-
tions with CA are eliminated before pregnancy is
diagnosed [10, 14]. Structure and spectrum of CA in
samples from PL are significantly different from the
spectrum in newborns. Among lost pregnancies of
the first trimester (early pregnancy losses, EPL) the
highest fractions of CA constitute of trisomies — 50—
60 %, of which trisomy of chromosome 16 occurs in
15-20 %. Less numerous in such cases are polyploi-
dies (2025 %), monosomies (10-15 %) and struc-
tural anomalies (56 %) [10,11,13,15]. Among EPL the
highest percentage of trisomies involves, in decreas-
ing order, chromosomes 16, 22, 21, 15, 13, 18 [14,
16]. Concerning monosomies, the gonosomal mono-
somy of the X chromosome is the most prevalent
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one and is found in 10 % of all CA cases [10, 16—18].
In EPL occurring up to the 10th week of pregnancy,
double and triple trisomies involving different chro-
mosomes are often found. In most cases, autosomal
double trisomies, regardless of the chromosomes in-
volved, are lethal [17, 19]. Polyploidies are compat-
ible with a fetal development in humans only as trip-
loids 69, XXX and 69, XXY [12, 20, 21].

Information about the structure of CA in SA is
gathered on the basis of numerous cytogenetic stu-
dies of various tissues using conventional cytogene-
tic analysis of metaphase chromosomes. However,
as fetal tissue may be retained in utero for several
days or weeks after the fetal demise, the tissue may
be autolyzed and unresponsive to standard chromo-
some analysis. With the development of new methods
like molecular cytogenetics, more opportunities arise
that enable the study of karyotypes in uncultured
cells from SA [20]. Interphase FISH allows identify-
ing all types of numerical abnormalities (aneuploidy
and polyploidy), including mosaic forms [18, 21—
23]. Consequently, studying the frequency and spec-
trum of CA in EPL is a key part of the investigations
of reproductive failure in humans.

Immunologic factors contribute to PL especially at
the early stages of gestation (up to 14 weeks). In par-
ticular, 45 % of cases of the EPL are accompanied by
immunologic intolerance to the fetus. In such instanc-
es the immune system of the mother organism reacts
to the fetus antigens as to foreign antigens and aims
towards the destruction of the antigen source. The
studies on misregulated interaction between the cells
of the mother and the fetus are key issues for the iden-
tification of factors involved in SA.

One of the main factors involved in immune re-
sponses is the major histocompatibility complex
(MHC) encoded by human leukocyte antigen (HLA)
gene locus. The HLA is an extended region of the
genome that spans some 4 million base pairs (bp) on
the short arm of human chromosome 6 between
6p21.31 and 6p21.32. The involvement of the HLA
system in predisposition to RM has been analyzed
through the identification of particular HLA genes
that are linked to reproductive losses [24-26], to
similarities of HLA antigens between partners [27]

and to genes involved in modulation of the HLA sys-
tem in the gene expression network [28].

In this study we have investigated chromosome
abnormalities in a series of SA material samples and
have analyzed the prevalence of HLA-DRBI and
DQA1 alleles in the couples with RPL.

Materials and Methods.

Specimens from SA in the period from 4 to 14
weeks of gestation were obtained from 209 females
aged 22 to 42 years. DNA for HLA analysis was
extracted from peripheral blood leukocytes of 38
couples with recurrent miscarriage and 34 couples
with the absence of miscarriages in anamnesis
and having two or more children. All of the cases
included in the present study were approved by
the Ethics committee of the Institute of Hereditary
Pathology NAMS of Ukraine. Informed consent
for cytogenetic study and HLA-genotyping was
obtained from all patients.

Banding cytogenetic processing

For SA material processing, the cells of the chorio-
nic villi were separated from the decidual cells. We
used the method of direct chromosome preparation
from chorion [29] and analyzed the samples cyto-
genetically using G-banded cytogenetic techniques.
Samples were visualized under a light microscope
(Zeiss, Axioscope; Jena, Germany). A minimum of
10 metaphases were scored per sample.

Interphase multicolor fluorescence
in situ hybridization (mFISH) analysis
Preliminary analysis was performed on interphase nu-
clei. The hybridization, post-hybridization washes and
detection steps were done as described in [30]. Image
acquisition was performed using an Axioplan II micro-
scope (Carl Zeiss Jena GmbH) equipped with filter sets
for DAPI, FITC, TR, Cy3 and Cy5 fluorescence chan-
nels. Image analysis was done with the help of Isis
DGTSa, BGR-I and DGSoSa software (MetaSystems
Hard & Software GmbH, Altlussheim, Germany). Three
homemade probe sets were used as specified below:

— mix 1: centromeric probes for 13p11.1-q11 and
21pll.1-q11.1 (D13/21Z1, labeled in Spectrum Gre-
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en=SG), 15q11 (D15Z3 labeled in Texas-red = TR),
and 18pll.1-q11.1 (D18Z1 labeled in — Diethylam-
inocoumarin = DEAC);

— mix 2: centromeric probes for 14p11.1-q11.1 and
22pl11.1-q11.1 (D14/22Z1 labeled in Spectrum Gre
en=SG) and 16p11.1-q11.1 (D16Z2 labeled in TR);

— mix 3: centromeric probes for 17p11.1-q11.1
(D17Z1 labeled in SepctrumOrange = SO) and
Xpll.1-q11.1 (DXZ]1 labeled in DEAC), together
with a probe for Yq12 (DYZ1 labeled in SG).

All probe sets were first tested separately on hu-
man metaphase spreads prior to use in probe mixes
to evaluate quality and to exclude contamination.
The region specific probes were mapped cytogeneti-
cally based on the inverted DAPI banding pattern of
chromosomes. At least 100 interphase nuclei per
sample were analyzed.

HLA analysis

DNA was extracted from peripheral blood leuko-
cytes using the salting-out method. The genotyping
of HLA-DRB and HLA-DQAI was performed using
polymerase chain reaction (PCR) in Terzik thermo-
cycler (DNA-technology, Russian Federation (RF))
with automated regime according to the correspond-
ing amplification program. The typing of alleles of
the above mentioned genes was conducted using the
reagent kits designed for genotyping via DNA am-
plification by PCR with sequence-specific primers:
«GenPak®HLA-DRBPCR test» and «GenPak® HL A -
DQA1 PCR test» (Laboratory Isogen LLC, RF).
PCR products of allelic variants were detected by 3
% agarose gel electrophoresis, stained with ethidium
bromide in UV-light at 302 nm.

Statistical processing of results was conducted us-
ing Pearson criterion y>. The critical level of signifi-
cance for statistical criteria for all the types of analy-
sis was defined as p < 0.05. The association of geno-
types and alleles with the risk of reproductive failure
was evaluated by calculating the odds ratio (OR)
with 95 % confidence interval.

Results and Discussion

We performed banding and molecular cytogenetic
studies on 209 chorionic villus sampling (CVS)
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specimens from women with sonographically diag-
nosed MAs or blighted ovum (from 4 to 14 weeks of
gestation). Banding cytogenetic results were obtain-
able in 120 cases. To test the products of conception
where the banding analysis was impossible due to the
absence of metaphases, the mFISH analysis was per-
formed. mFISH has been described as the current
gold standard to determine the numerical chromo-
some aneuploidies (NCA) and polyploidies. In con-
trast to karyotyping, it can be used on interphase nu-
clei, so it can be applied on specimens from CVS.
The mFISH analysis added the value to the complex
investigation performed in the current study and con-
tributed to the profiling of NCA in tissues from EPL
that is of great significance for genetic counseling of
the couples with RM as well as for human reproduc-
tion investigations.

The interphase mFISH with the probe panel for
chromosomes 13, 14, 15,16, 17,18,21,22, X and Y
was performed on 89 uncultured cell suspensions
from spontaneous abortions samples. Though not all
the chromosome abnormalities can be identified
simply by counting specific chromosomes within a
cell, the most common abnormalities of chromosome
number, including trisomy 21, trisomy 18, trisomy
13, 47, XXY, 47, XXX, 45, X, 47, XYY, 69, XXN
and 92, XXNN (N — gonosome X or Y) can be reli-
ably determined.

Among the miscarriages, the gonosomal consti-
tution of XY prevailed (the sex ratio XY : XX was
1.2). In 68/209 cases (32.54 %) an abnormal karyo-
type was detected. None of the chromosome abnor-
malities were identified to be gender-skewed. The
specific abnormality frequencies observed by chro-
mosome analysis and mFISH (Table 1, Fig. 1) were
comparable with other large SA cytogenetic studies
[10, 11, 13-15].

Pure autosomal trisomy (42.65 %), especially of
chromosomes 16 (19.11 %), 21 (7.35 %) and 22
(4.41 %), polyploidy (32.35 %), especially triploidy
(30.38 %) and monosomy X (19.11 %), especially in
pure form (14.71 %) were the most prevalent abnor-
malities observed (Table 1).

An application of interphase FISH enabled to
identify five cases of mosaic chromosome composi-



Contribution of chromosomal abnormalities and genes of the major histocompatibility complex to early pregnancy losses

tion, among them — three cases of gonosomal mosa-
icism: monosomy X[77]/disomy X[23], monoso-
my X[40]/trisomy X[60], monosomy X[96]/disomy
X[4]); and two cases of autosomal mosaicism: mono-
somy 15[61]/disomy 15 [39] and monosomy 22[26]/
disomy 22[23]/trisomy 22 [51].

Another factor of EPL according to a series of re-
ports [27, 28, 30, 31] is the homology of HLA-anti-
gens between the partners or the presence of aggres-
sor allele in the woman. To follow up on this informa-
tion we have attempted to identify the immunological
component of RM. We have selected 38 couples with
RM that had a history of at least one miscarriage and
karyotyped via cytogenetic and molecular-genetic
methods. The control group consisted of 34 couples
with normal obstetrics and genetic anamnesis having
two or more healthy children. We have investigated
16 alleles of HLA-DRBI and 10 alleles of the HLA-
DQAI genes, characterized the allelic polymorphisms
and genotypes based on those genes and compared the
data with the control group.

Compared to the control group the results showed
different allele variant frequencies of the investigated
genes in the couples with RPL (38 couples, 76 indi-
viduals, 152 alleles) and more specifically —in women
with RPL (38 individuals, 76 alleles). We have ob-
served an increased frequency of the DRB1*0301 al-
lele in the couples with RPL (12.82 % versus 5.15 %
in control group, Table 2) and in the women with RPL
(14.1 % versus 4.41 %). Additiionally, in the women
with RM the frequency of DRBI*1101-1104 and
DQAI1%0501 was higher than in the control group
(20.51 % versus 8.82% and 38.46 % versus 22.06 %
respectively, Table 3).

Statistical analysis identified three alleles associ-
ated with RPL. Table 2 and Table 3 show a signifi-
cant increase in frequency of the allele DRB1* 0301
in the couples (3> = 5.422, p < 0.025) and in women
(x> = 3.935, p < 0.05) with RPL, and the alleles
DRBI1*1101-1104 (x*=3.879,p<0.05), DOA1*0501
(x> = 4.584, p < 0.05) in women, which supports the
identification of these alleles as aggressor alleles.

Odds ratio (OR) calculation shows that carrying
DRBI*0301 allele increases the RPL risk in the couples
by almost three times (OR = 2.79; CI — 95 %: 1.14—

Autosomal monosomy;

0,96 %
Gonosomal
monosomy; Gonosomal trisomy;
6,22 % 0,96 %
Polyploidy;
10,53 %
Autosomal
trisomy;
13,87%
Normal karyotype;
67,46 %

Fig. 1. Chromosomal abnormalities observed in the material
from early pregnancy losses

Table 1. Spectrum and frequency
of numerical chromosomal abnormalities in embryos
derived from early pregnancy loss

Number of cases
Karyotype absolute percentage
numbers, n value, %

monosomy X 10 14.71
47, XXX 1 1.47
47,XXY 1 1.47
trisomy 14 1 1.47
trisomy 15 3 441
trisomy 16 13 19.11
trisomy 18 2 2.94
trisomy 20 2 2.94
trisomy 21 5 7.35
trisomy 22 3 4.41
Triploidy 21 30.88
tetraploidy 1 1.47
monosomy X [40] / trisomy X [60] 1 1.47
monosomy X [77] / disomy X [23] 1 1.47
monosomy X [96] / disomy X [4] 1 1.47
monosomy 15[61]/ disomy 15 [39] 1 1.47
monosomy 22[26]/disomy 22[23]/ 1 1.47
trisomy 22[51]

Total 68 100
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Table 2. 1dentified aggressor allele in couples with RPL

Couples with RPL (38 couples, Control (34 couples,
DRBI 76 individuals, 152 alleles) 68 individuals, 136 alleles) 2 . OR(CI)
aggressor allele
ne %b nd %b
*0301 20 12.82 7 5.15 5.422 <0.025 2.7922 (1.1417-6.8286)
Note: a quantity of alleles in group; b frequency of alleles in group.
Table 3. 1dentified aggressor allele in women with RPL
Women with RPL Control group women
HLA-IT (38 women; 76 alleles) (34 women; 68 alleles) " P OR(CI)
aggressor alleles
n % ® n? % *®
DRBI1*0301 11 14.10 4.41 3.935 <0.05 3.56 (0.95-13.34)
DRBI*1101-1104 16 20.51 8.82 3.879 <0,05 2.67 (0.98-7.26)
DQAI*0501 30 38.46 15 22.06 4.584 <0.05 2.2 (1.064.59)

Note: a quantity of alleles in group; b frequency of alleles in group.

Table 4. Homology levels of HLA-DRB1 and HLA-DQAL1 loci in investigated groups

HLA-locus quantity

of homologous alleles Couples with RPL Control group
(% homology) (38 couples) (34 couples) 2 P OR (CI)
DRBI1/DQAI n % n %
0—1 (0-25%) 22 57.90 28 82.35 5.665 <0.02 0.28 (0.094-0.821)
2—4 (50-100%) 16 42.10 6 17.65 3.60 (1.22-10.68)

Table 5. SA material karyotype results and the level of homology of HLA-DRB1
and HLA-DQAT1 loci in couples with RPL

Allelic DRB1

and DQA 1 homology

Couples with RPL

Material of pregnancy losses (40 cases)

(38 couples)

number of cases

normal karyotype

karyotype abnormalities

absolute numbers, | absolute numbers, | absolute numbers, absolute
frequency, % frequency, %
n n n numbers, n
0—1 (0-25 %) 22 23 16 69.57 7 30.43
2—4 (50-100 %) 16 17 12 70.59 5 29.41
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6.83), and carrying DQOAI *0501 allele increases the
RPL risk in women by two times (OR =2.2; CI-95%:
1.06—4.59). The results of positive association of giv-
en alleles with RPL are concordant with other publica-
tions [33] and support our colleagues observations
[33-38] that the presence of specific allelic variants of
genes DR and DQ, that belong to HLA loci, in the
mother can create the environment where the mother
immune system does not recognize the fetus antigens
and does not involve the mechanisms aimed at the pro-
tection of the fetus.

The results were also analyzed from the perspec-
tive of similarity of allelic variants of genes HLA-
DRBI and HLA-DQAI between the partners. Ho-
mology between the partners is considered to be
critical if the allelic polymorphism homology is
more than 50 % (when the partners have at least one
similar allele of each locus). We have observed an in-
creased frequency of homology of studied genes be-
tween partners in couples with RPL — 42.10 % versus
17.65 % in control group (Table 4).

Odds ratio calculation showed a four-time in-
crease of the RPL risk in the couples with the inter-
partner allelic variant homologies of genes HLA-
DRBI and HLA-DQAI (OR =3.60; CI - 95 %: 1.22—
10.68).

We have analyzed the results of the cytogenetic
investigations of the RPL material in light of the in-
ter-partner homology of the investigated HLA loci.
In 36 couples we have cytogenetically investigated
the samples from one SA, in two couples — from two
SA. There were no significant differences in fre-
quency and spectrum of chromosomal anomalies de-
pendent on the level of inter-partner HLA homology
(Table 5).

Conclusions

1. Cytogenetic and molecular-cytogenetic investiga-
tions of SA material identified karyotype anomalies
in 32.4 % of cases with prevalence of autosomal tri-
somy —42.65 %, triploidy — 30.38 % and monosomy
X = 19.11 %. Among the miscarriages the sex ratio
XY:XX was 1.2.

2. Complex analysis of frequency and distribution
of allelic variants of genes HLA-DRB1 and HLA-DQA

permitted to establish the alleles DRBI*0301,
DRBI*1101-1104 and DQAI*0501 to be aggressor
ones in the women with RPL. The female carriers of
the DOAI *0501 allele have a twice higher RPL risk
(OR =2.2; CI1-95 %: 1.06-4.59).

3. The cumulative homology of allelic polymor-
phism of more than 50 % of the HLA-DRBI and
HLA-DQAI loci between the partners increases the
RPL risk of by almost four times (OR = 3.60; CI —
95 %: 1.22—10.68).

4. No differences in the frequency of chromosomal
anomalies were found in the material of spontaneous
abortions in couples with different level of homology
of the HLA-DRB1 and HLA-DQAI loci.
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1. P. Tkau, K. O. CocHina, H. JI. I'ynerok,
O. I. Tepnunsx, . B. 3acraBna, A. Baiice,
H. Kocsixosa, T. Jlip

BHecok XpoMOCOMHUX NOpPYLIEHb TA I'eHiB
T0JIOBHOT'0 KOMILIEKCY riCTOCYyMiCHOCTI B rene3
paHHiX peNpPOIYKTHBHUX BTPAT

Meta: BCTaHOBHTH XPOMOCOMHI aHOMaJTii y MaTepialli paHHiX pe-
MPOAYKTUBHUX BTPAT 1 ajenbHuil momiMopdism reniB HLA —
DRB1 i DQAI y nonpyHix nap i3 HIBHKOBUM HEBHHOLIYBaHHAM
BaritTHocTi. MeToaM: CTaHIApPTHUH LUTOrCHEeTUYHUH Ta iHTep-
¢azuuit mFISH meronu, Bupinenas JJHK metomom BucomoBaH-
a3, [IJIP, enekrpodopes B araposnomy remi. PesyasraTu: B pe-
3yNbTaTi MPOBEACHUX NUTOTCHETUYHUX Ta MOJEKYISAPHO-IIUTO-
TeHeTHYHMX J0CII/DKeHb MaTepialy BTpaueHHX BariTHOCTEH aHo-
MaJtii KapioTUIly BCTaHOBIICHO B 32.4 % Bumajxax 3 rnepeBakaH-
HSIM ayTOCOMHHX TpUCOMiii — 42.65 %, Tpuruoiniit — 30.38 % i
MoHocoMil X — 19.11 %. KoMriekcHui aHaIi3 9acTOTH 1 pO3Iozi-
Iy ajenbHuX BapiaHTiB reHiB HLA-DRBI1 i HLA-DQAI no3Bomms
BCTAHOBUTH, 10 DRBI1*0301, DRBI1*1101-1104 1 DOA1*0501 €
aJeNAMH-arpecopaMy y KiHOK 13 PaHHIMH PenpoxyKTHBHHMH
Brparamu (PPB). CykymHa romMosorist ajgensHoro noiimopdizmy
nokyciB HLA-DRB1 i HLA-DQA 6inbuie 50 % Mix napTHepaMu
30inpmrye pusuk PPB maibke B otnpu pasn. BucHoBkmu: BcTa-
HOCTEH Ta 3MiHH B TeHaX TOJIOBHOTO KOMIUIEKCA TiCTOCYMICTHOCTL
y HOJPY>KHIX TTap MOXXYTh BUKINKATH MOPYIICHHS PEPOLYKTHB-
HOT (yHKIIii Ta paHHIO eTiMIHALIiIO0 II0/1a.

Karo4doBi ci1oBa: HEeBHHOLIYBaHHS BariTHOCTI, XpPOMOCOMHI
aHomalii, nuroreHeTnka, xpomocomu, FISH, HLA-renotumy-
BaHHSI.

. P. Tkau, K. A. Cocuuna, H. JI. T'ynerok,
O. U. Tepnuisik, JI. B. 3actaBHa, A. Baiice,
H. Kocsikosa, T. JIup

Bxuiag XpoMOCOMHBIX HApyIIeHHIl M TeHOB
IVIABHOT'0 KOMILIEKCA THCTOCOBMECTUMOCTH B reHe3
PAHHHX PeNpPOAYKTHBHBIX MOTEPH

Heap. V3yauts XpoMOCOMHBIE aHOMAJIUHM B OHOJIOTHYECKOM Ma-
TepHaje PaHHUX PENPOLYKTUBHBIX IOTEPh U ajUIeIbHBIN MOIM-
Mopdusm renoB HLA — DRBI u DQA1 'y cynpyXecKux nap ¢ npu-
BBIYHBEIM HEBBIHAIIMBaHHEM OepeMeHHOCTH. MeToabl: cTaH-
JApPTHBIA IUTOreHeTHYecknii u mHTepdasupiii mFISH Mmeronsr,
Berienenne JIHK meronom BeicanmuBanwus, [P, snexrpodopes B
arapo3HoM rene. PesyabTarel. [IpoBesieHHbIE ITUTOTEHETHYECKHE
U MOJIEKY/IIPHO-LIUTOICHETUYECKHE MHCCIIEN0BaHUs MaTepuala
PaHHUX PENpPOAYKTUBHBIX IOTEPh [10KA3AJIM AaHOMAIUU KapuOTH-
na B 32.4 % ciry4aeB ¢ npeoOagaHueM ayTOCOMHBIX TPHCOMUM
—42.65 %, tpurmonnuii — 30.38 % u monocomuu X — 19.11 %.
KoMmnekcHbIH aHaIN3 9acTOThI U PAaCHIPEIENICHHUS aJIEIbHBIX Ba-
puantoB reHoB HLA-DRBI w HLA-DQAImokasan, duTO
DRBI1*0301, DRB1*1101-1104 u DQAI*0501 siBnsttoTCst ayuiessi-
MH-arpeccopaMH y >KeHIIUH C PAHHUMHU PENPOAYKTUBHBIMU [10TE-
psimu (PPIT). CoBoKyIHast TOMOJIOTHS aJUIEIBHOTO MOIMMOP(H3-
Ma stokycoB HLA-DRBI w HLA-DQAI 6onee 50 % mexmy mapt-
Hepamu yBennuuBaeT puck PPII moutu B uetsipe pas3a. BeiBoabl:
BeisiBiIeHHBIE XPOMOCOMHBIE AHEYIUIOMANM B MaTepHalie camo-
IPOU3BOJIbHBIX BBIKMBIIIECH U U3MEHEHUSI B I'€HaX IJIABHOI'O KOM-
IUIEKCA TUCTOCOBMECTHMOCTH Y CYHPY)KECKUX Iap MOTYT BBI3bI-
BaTh HAPYIICHUS PEIPOAYKTHBHON (DyHKIINH U SIUMHIHALHIO TUIO-
J1a B paHHEM TIepHozie OEPeMEHHOCTH.

KiwueBble cJ0Ba: HEBbIHANIMBAHUE OCPEMEHHOCTH, XPO-
MOCOMHbBIE aHOMAJIUHU, IUTOTeHeTHKa, xpomocoMbl, FISH, HLA-
TEeHOTUIMPOBAHUE.
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