AKYWEPCTBO

V[1K:618.2-082+612.63.02+616.5-003.42

Polymorphic variants of detoxification genes
and possible gestational complications in pregnant
women with retrochorial and retroplacental hematomas

M.I. Rymarchuk
Ivano-Frankivsk National Medical University

Fetal health depends on both the genetic program of its de-
velopment and the structural and functional adequacy of pla-
centa.

Materials and methods. Our research envisaged the use of the
molecular genetic method to identify deletion and allelic poly-
morphism of the GSTT1, GSTM1 genes in the homozygous state
and the designation of the identified genotypes as the deletion
variant (GSTT1 deletion, GSTM1 deletion) or the allelic variant
(GSTT1 allele, GSTM1 allele). The research involved 105 wom-
en; among them, there were 50 pregnant women with local non-
progressive placental abruption. Group Iincluded 33 women with
placental dysfunction, who gave birth to babies with normal body
weights; Group II comprised 17 women with placental dysfunc-
tion and development delay in their newborn babies.

Results. The study of deletion polymorphism of the GSTT1,
GSTM1 genes and A313G polymorphism of the GSTP1 gene in
all the women (n=105) (50 patients of the main study groups and
55 women of the control group) revealed the following distribu-
tion of polymorphic variants of the studied genes: the GSTT1 al-
lele genotype has made up 81.90%; the GSTT1 deletion genotype
was found in 18.10% of cases; the GSTM1 allele genotype was
observed in 55.24% of cases; the GSTM1 deletion genotype was
detected in 44.76% of women. The frequency of the GSTP1 poly-
morphic variants was as follows: the AA genotype — 54.29%, the
AG genotype — 38.10%, the GG genotype — 9.52%.
Conclusions. The genotype combinations of the GSTT1 allele,
GSTM1 allele, 313AA of the GSTT1, GSTM1, GSTP1 genes
create no conditions for and clearly reduce the risk of placen-
tal dysfunction and intrauterine growth restriction with local
non-progressive placental abruption.

Key words: abruption of placenta, genes of detoxification, obstet-
ric complications, polymorphism of genes.

According to current scientific knowledge, the development
of placental dysfunction is determined by various factors in-
cluding biological, chemical and radiation ones, as well as mater-
nal metabolites, i.e. the occurrence of pathological conditions in
the antenatal and neonatal periods should be attributed to multi-
factorial nature of different endogenous and exogenous damaging
factors [1, 2]. Fetal health depends on both the genetic program
of its development and the structural and functional placental
adequacy. The role of the placenta is known to consist in the
implementation of a number of functional mechanisms, namely
trophism, protein synthesis, hormonal function and hormone
modulation, synthesis of biologically active substances, anti-tox-
ic function, utilization and excretion of metabolites, regulation of
lipid peroxidation (LPO) and antioxidant defense [3, 4].

A series of recent studies have reported the effect of certain
polymorphic variants of the glutathione S-transferase (GST)
GSTT1, GSTM1 genes that impair detoxification processes and
increase the risk of developing multifactorial pathology includ-
ing placental dysfunction [5, 6, 7, 8]. According to literature,
LPO intensification is associated with polymorphism of phase
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IT detoxification genes which exert an anti-oxidant effect at the
cellular level. Thus, it can be concluded, that in the presence of
certain polymorphic variants of GST genes, namely the GSTT1,
GSTM1, GSTP1 genes, the exhaustion of the glutathione-depen-
dent system of antioxidant defense and inhibition of the detoxifi-
cation function of the placenta occur that leads to the progression
of placental dysfunction [3, 7, 9]. Most studies of deletion and
allelic polymorphism of the GSTT1, GSTM1 genes were directed
to determine the homozygous state without analyzing the hetero-
zygous state [8, 10, 11].

When analyzing literature, we have found only several re-
ports dealing with the study of genetic polymorphism of GST
genes in placental dysfunction on the background of miscarriage
[5, 10]. However, the number of researches dealing with the study
of the intensity of free-radical processes and antioxidant state in
women with placental dysfunction increased annually [12, 13].
The role of hereditary factors, namely certain GST polymorphic
variants in the development of placental dysfunction and obstet-
ric complications accompanying it remains insufficiently studied.

The objective: was to study the frequency of allelic polymor-
phism of the GSTT1, GSTM1 genes in women with retrochorial
and retroplacental hematomas in conjunction with the develop-
ment of gestational complications and perinatal pathology in the
newborns.

MATERIALS AND METHODS

Our research envisaged the use of the molecular genetic
method to identify deletion and allelic polymorphism of the
GSTT1, GSTM1 genes in the homozygous state and the designa-
tion of the identified genotypes as the deletion variant (GSTT1
deletion, GSTM1 deletion) or the allelic variant (GSTT1 allele,
GSTM1 allele). According to the results of the experimental
studies, A313G polymorphism of the GSTP1 gene determined
the activity of the corresponding isomeric enzyme. The 313AA
genotype was associated with normal enzyme activity; in case of
the 313AG genotype, enzyme activity decreased by 30%; in case
of the 313GG genotype, enzyme activity decreased by 70%.

The GSTM1 and GSTP1 genes are expressed directly in the
placenta; when studying the GSTT1 gene, a significant effect of
the cellular level on the state of the antioxidant defense system
was found indicating the relevance of our research [8, 14]. The
determination of allelic polymorphism of the GSTT1, GSTM1
genes was carried out using a multiplex polymerase chain reac-
tion (PCR) in an automatic mode in GeneAmp 2400, GeneAmp
2700 (Applied Biosystems) thermal cyclers with primers by am-
plifying multiple sequences proposed by Arand M. et al. (1996).

To calculate and compare the average values of digital data,
as well as to assess statistical significance of the results obtained,
there were used the methods of evaluating the difference between
the mean trends (Student’s t-test), correlation analysis. The pres-
ence (or absence) of a certain allele, genotype or their compari-
son in several genes was considered as an indicator. If there was
a significant difference between the control group (or population
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sample) and the study group, the odds ratio (OR) was calculated.
The 95% confidence interval (CT) was used to estimate the preci-
sion of the OR. A p-value of <0.05 was considered statistically
significant. To predict placental dysfunction, the need to study
three genes of the GST gene family was considered, as a three-
locus model had better accuracy.

The intergenic and gene-factor interactions were studied
by the method of binary logistic regression using MDR_2.0
software. To assess the potential risk of developing placental
dysfunction at the individual level, there was conducted the dis-
criminant analysis using the ROC curves. The effectiveness of the
models studied was evaluated by the area under the curve (AUC)
considering their sensitivity and specificity. The closer to 1 the
AUC of the gene studied was, the higher its effectiveness was.
If the AUC was 0.5 and less, that model indicated the absence
of discriminating properties of the gene; in our case, it was the
GSTT1 gene (AUC=0.556).

The research involved 105 women; among them, there were 50
pregnant women with local non-progressive placental abruption.
Group I included 33 women with placental dysfunction, who gave
birth to babies with normal body weights; Group II comprised 17
women with placental dysfunction and development delay in their
newborn babies. All the women were observed in the Ivano-Frankivsk
Regional Perinatal Center. Among women with placental dysfunc-
tion, there were 30 (60%) females with clinical signs of undifferenti-
ated connective tissue dysplasia (UCTD): 20 (66.67%) women of
Group I1(60.61%) and 10 (33.33%) females of Group 1T (58.82%). The
control group included 55 women with the preserved reproductive
status without UCTD who gave birth to healthy full-term babies.

RESULTS

The study of deletion polymorphism of the GSTT1, GSTM1
genes and A313G polymorphism of the GSTP1 gene in all the
women (n=105) (50 patients of the main study groups and 55
women of the control group) revealed the following distribution
of polymorphic variants of the studied genes: the GSTT1 allele
genotype has made up 81.90%; the GSTT1 deletion genotype
was found in 18.10% of cases; the GSTM1 allele genotype was
observed in 55.24% of cases; the GSTM1 deletion genotype was
detected in 44.76% of women. The frequency of the GSTP1 poly-
morphic variants was as follows: the AA genotype — 54.29%, the
AG genotype — 38.10%, the GG genotype — 9.52%.

According to the indicators of the OR obtained, the risk of
developing placental dysfunction and fetal distress during preg-
nancy on its background in the GSTM1 deletion genotype in-
creased from 2.59 times to almost 4 times. The risk of intrauterine
growth restriction (IUGR) on the background of placental dys-
function increased by more than 11 times (as compared to the
control group).

Thus, statistical calculations allowed us to establish that the
presence of the GSTM1 deletion genotype in mothers is a risk fac-
tor for prenatal damage to the fetus and the probability of [UGR
development if there are clinical signs of placental dysfunction.

In the GSTM1 allele genotype, there was observed a decrease
in the risk of TUGR development on the background of placental
dysfunction (OR = 0.23 95% CI (0.05-0.94), however, its pres-
ence did not exclude prenatal fetal hypoxia.

The patterns presented are quite understandable, since ma-
ternal microenvironment affects the state of embryonic and fetal
metabolic processes, and the GSTM1 isomeric enzymes are ex-
pressed in the placenta, i.e. are directly involved in the antioxi-
dant and detoxification placental functions.

As the second important genetic factor for both placental dys-
function and TUGR on the background of local non-progressive
placental abruption, there was analyzed A313G polymorphism of
the GSTP1 gene. According to literature, the GSTP1 gene is ex-
pressed in the placenta, and its expression increases during preg-
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nancy. The state of the GSTM1 isomeric enzyme activity plays an
important role in the detoxification and antioxidant processes in
the placenta. The comparison of Group II and the control group
showed significant differences in the frequencies of the GSTP1
(A313G) gene genotypes as compared to Group I and the control
group. In the 313GG genotype of the GSTP1 gene, the risk of
developing placental dysfunction and IUGR increased by 9 times
GSTP1 (2 = 4.12, p = 0.036, OR = 9.64 95% CI (1.07-56.50),
while in the 313AA genotype, this risk decreased significantly
(2 = 21.56, p = 0.001, OR = 0.07 95% CI (0.02-0.24)). In the
comparison groups, there were no significant differences in the
frequencies of the 313AG genotype of the GSTP1 gene. In case of
dominant inheritance pattern (313AG + 313GG as compared to
313AA), the risk of developing placental dysfunction increased
by almost 3 times and the risk of developing placental dysfunc-
tion and IUGR increased by 6 times.

Thus, statistical analysis conducted in the comparison groups
allowed us to establish the prognostic value of studying the
GSTM1, GSTP1 genes in women and the need to determine their
combined effects considering the intergenic interactions as well
as their interactions with other unfavorable risk factors.

For a more detailed assessment of the effect of the GSTT1,
GSTM1, GSTP1 gene polymorphism on the development of placen-
tal dysfunction and the manifestations of IUGR on its background,
the results obtained were analyzed in conjunction with other exog-
enous risk factors, anamnestic data and clinical and laboratory find-
ings being determined during pregnancy. Unfortunately, there were
no gene-factor interactions, that was obviously due to the fact that
women received prophylactic agents and treatment during pregnan-
cy which resulted in a pronounced effect of gene-factor interaction.
The only risk factor which showed the cumulative effect together
with genetic polymorphism was gestosis of pregnancy. In Group I,
gestosis was diagnosed in 15 out of 33 (45.45%) women; in Group
TI, it was diagnosed in 10 out of 17 (58.82%) women. In women of
Group IT with gestosis, the frequency of the GSTM1 deletion geno-
type increased as compared to women of Group I (%°=5.24, p=0.022,
OR=8.00 95% CI (1.21-52.7)). Considering the fact that pregnant
women of Group IT gave birth to children with the signs of TUGR,
we can conclude that the clinical course of pregnancy in women
with placental dysfunction, clinical manifestations of gestosis and
the GSTM1 deletion genotype is associated with the increased risk
of IUGR (by more than 5 times).

This result indicates the need to search for the ways of imple-
mentation of unfavorable effect of the genetic factor and the possibil-
ities of prevention which consist in developing specific approaches
to monitoring women with the GSTM1 deletion genotype and man-
datory prevention of placental dysfunction and gestosis.

The comparative analysis of the studied women with placen-
tal dysfunction and diagnosed UCTD showed significant dif-
ferences in the GSTM1, GSTT1 genes as compared to the con-
trol group. The GSTM1 deletion genotype (x*=4.86, p=0.028,
OR=2.7995% CI (1.11-7.02) was more often observed in women
with UCTD manifestations, while the GSTM1 allele genotype
(1*=4.86, p=0.028, OR=0.36 95% CI (0.14—0.90) prevailed in
women of the control group. To identify the combined effect of
A313G polymorphism of the GSTP1 gene and UCTD on the de-
velopment of placental dysfunction, we studied the information
value and reliability of various inheritance models. The analysis
conducted identified the associations of a dominant model with
the development of placental dysfunction in pregnant women
with UCTD (p=0.03, OR=2.84, 95% CI (1.15-7.28).

CONCLUSIONS
Thus, the analysis of genetic polymorphism in the studied
women and its comparison with the results obtained when
analyzing the patients of the control group contributed to the
establishment of important features. There were identified
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the associations of the GSTM1 deletion genotype with the
increased risk of placental dysfunction in pregnant women and
the associations of the GSTM1 allele genotype with reduced
risk of developing this gestational complication. The data on
the differences in this polymorphic variant between Group I
and Group II indicated that the GSTM1 deletion genotype in
mothers with impaired placentation and local non-progressive

MonimopdHi BapiaHTn reHiB geTokcukKauii i MOXJIUBI
recTtauiiHi yckylaaHeHHs y BariTHUx

3 peTpoxopiasribHUMU Ta peTpornJiaLeHTapHUMU
rematoMmamMm

M.I. Pumap4yk

310pOB’s 11J10/1a 3ATIEKUTh SIK Bijl FEHETHYHOI IIPOTPAMHU 1OTO PO3BUTKY,
TaK i Bijf CTPyKTypHOI Ta (DyHKIIiOHATBHOI HOBHOIIHHOCT] MIJTAI[eHTH.
Mema docaidocenns: BUSHAUEHHS YaCTOTH AJIEJBHOTO TTOJiMOPhi3My
reriB GSTT1, GSTM1 y BariTHHX 3 peTPOXOPiaTbHUMH Ta PETPOILIA-
LEHTAPHUMU FeMaTOMaMH.

Mamepianu ma memodu. Y nociijpkeni Hamu 0yio nepenbayeHo Bu-
3HAUEHHS MOJICKYJ/IAPHO-TeHeTHYHIM METO/[OM JIeJIeIifIHOr0 Ta ajieJib-
noro nosimopdiamy reunis GSTT1, GSTM1 y roMo3UroTHOMY CTaHi,
3aIJIAHOBAHO [103HAYATH BU3HAYEHI T€HOTUIIN SIK JlesIeliiiHII BapiaHT
(GSTT1deletion, GSTM 1deletion) abo anenvuuii apiant (GSTT1allele,
GSTM1allele). Byno 3anyueno 105 xkiHok, 3 Hux 50 BariTHUX 3 JIOKaJIb-
HUM HEIIPOTPecyoYnM Bimapysanisim miatentu. /{o I ocnosHoi rpy-
nu yBilIn 33 *KiHKK 3 TWIAIIEHTAPHOIO AUCHYHKITIETO, SIKi HAPOIUIT
JiTeil 3 Macolo Tijla y MeKax recTaliifHOI cepeJHbOCTATHYHOI HOPMU;
1o I ocroBHOI Tpynu — 17 KiHOK 3 I1arieHTapHOo0 AuChYHKIHED Ta
CHHIPOMOM 3aTPUMKH PO3BUTKY HAPO/UKEHNX HIMH JIiTEHL.
Pesynomamu. 1lijx yac npoBejileHHs JOCIPKEHHS JIeIeliiiHOTo 110-
aimopdiamy renis GSTT1, GSTM1 ta noximopdismy A3 713G 3a reHom
GSTP1y Beix skinok (50 MaIlieHTOK OCHOBHUX IPYII Ta 55 5KiHOK KOHTP-
0JIBHOT TPyTIN) GYJI0 BUSBJICHO HACTYITHE PO3MO/IJIEHHS MOJIIMOPHHIX
BapiaHTiB gocipKyBanux reuis: renorunt GSTTallele 3adikcoBano y
81,90%, GSTT1deletion — y 18,10%, GSTM1allele — y 55,24%, a renotumn
GSTM1deletion — y 44,76% Bunazkis. Yacrora nosiMopdHux Bapiat-
TiB 32 renoM GSTP1 cranosuia: renorun AA — 54,29%, AG — 38,10%,
GG —9,52%.

3axnrouenna. KombGinanii renorunis  GSTT7allele, GSTM{allele,
313AA 3arenamu GSTT1, GSTM1, GSTP1 He cTBOPIOIOTH TIePe/lyMOB Ta
JIOCTOBIPHO 3HIKYIOTh PU3NK BUHUKHEHHS TIAIleHTapHOil TChYHKIT
Ta 3aTPUMKHU BHYTPIlIHEOYTPOOHOTO PO3BUTKY Ha TJIi JIOKAIBHOTO He-
MIPOrPECYIOYOro Bi/IIIapyBaHHsI IIJTAIIEHTH.

Knrouosi caosa: siowapysanns niauyenmu, zenu 0emoxcuxauii, axy-
wWepcvKi YcKAaonens, nNoLiMopQism zenie.

placental abruption is a prognostic marker for risk of [TUGR, while
the GSTM1 allele genotype reduces the risk of fetal hypotrophy.

The increase or decrease in the risk of progressive premature
placental separation is associated with polymorphic variants of
the GSTM1 gene, and impaired placentation with the presence
of retrochorial or retroplacental hematoma is associated with
polymorphic variants of the GSTT1, GSTP1 genes.

MonumopdHbie BapuaHTbl reHOB AeTOKCUKauumn
1 BOSMOXHbI€ reCTalOHHbIE OCJIOXKHEHUS

y 6epeMeHHbIX C peTpoxopuasnbHbIMU U
peTpornJjiaueHTapHbIMU rematoMmamMm

M.N. Peimapyyk

3/10pOBbE I10/[2 3aBUCHUT KAK OT FTeHETUYECKON TPOTrPAMMBbI €70 PA3BUTHS,
TaK 1 OT CTPYKTYPHOI 1 (DyHKIIMOHATIBHON TTOJTHOIEHHOCTH TUIAIIEHTHL.
Ienv uccnedosanus: onpejesieHie YacTOThl AJJIETBHOTO MOJUMOP-
dusma renos GSTT1, GSTM1 y GepeMeHHBIX ¢ PETPOXOPUATBHBIMI U
PETPOILIALEHTAPHBIMU F€MAaTOMAMU.

Mamepuanvt u memoovt. B viccrenoBaniy Hamu GbLIO TIPEyCMOTPEHO
OlIpe/iesieHNe MOJIEKYJISIPHO-TEHETUYECKUM METOIOM JIEJIEIIMOHHOTO U all-
JiesibHoro nojimmopduama reHoB GSTT1, GSTM1 B TOMO3UTOTHOM COCTOSI-
HUM, 3aI/IAHUPOBAHO 0003HAYATH ONPEAEICHHbBIE TEHOTUIIbI KaK e/ICIHOH-
nptii Bapuant (GSTT1deletion, GSTM1deletion) v asiebHbIil BapuaHT
(GSTT1allele, GSTMTallele). Bouio npusiedero 105 skeHmwH, uz Hux 50
GepeMEeHHBIX ¢ JIOKAIBHBIM HEIPOIPECCUPYIONIUM OTCIOCHHEM TLIAIICHTBI.
B I ocroBHyto rpyriny Bonum 33 JKEHIUHBI ¢ IUIAIICHTAPHOI AUCHYHKITHEIT,
KOTOPbIE POIAIIH IETEM ¢ MACCOiT TeJTa B TIPe/iesiaX TeCTaIlOHHOM CPeIHecTa-
THCTHYECKON HOPMBI, BO 11 ocHOBHY10 rpymiity — 17 JKEHIINH C TIIAIeHTAPHO
JnchYHKIME 1 CHHIPOMOM 3a/IEP/KKHI PA3BUTHSI POYKIEHHBIX FIMH JIETEH.
Pesynvmamor. Bo BpeMsi 1POBE/IEHUsI UCCIIENOBAHUS JIEJIEIIUNOHHO-
ro nosmmopdusma renos GSTT1, GSTM1 n nommopdusma A313G
o reny GSTP71 y Bcex sxennn (50 manueHToK OCHOBHBIX TPYIIH ¥
55 JKEHIIMH KOHTPOJIBHOI IPYIIIbI) GbIIO BBISIBIEHO CJIEYIONee pac-
npeziesieHIe OJUMOPGHBIX BAPUAHTOB MCCJIEYEMbIX TEHOB: T€HOTHII
GSTT1allele sapuxcuposan B 81,90%, GSTT1deletion — B 18,10%,
GSTM1allele — B 55,24%, a renorun GSTM 1deletion — B 44,76% cay-
qaeB. YacToTa mosmMopdHBIX BapraHToB 110 reHy GSTP1 cocTaBisiia:
renotun AA — 54,29%, AG — 38,10%, GG — 9,52%.

3axnarouenue. KombGunaimu renorunos GSTT7allele, GSTM1allele,
313AA no renam GSTT1, GSTM1, GSTP1 ne co3/iaioT NpeAIoCchbUIoK 1
JIOCTOBEPHO CHIKAIOT PUCK BO3HIUKHOBEHMUST TIAIEHTAPHON NCHYHK-
UK U 33/IePKKU BHYTPUYTPOOHOTO Pa3BUTUs Ha (hOHE JIOKAIBHOI He-
Tporpeccupyionieil OTCaI0NKY MIaleHThbl.

Knrouesvte cnosa: omenoiika niauenmol, 2eivl 0emoKCUKAuuiL, akyuep-
CKUE OCIONHCHEHUSL, NOTUMOPPUSM 2€HOB.
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