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Abstract

Leukemia inhibitory factor (LIF) has an essential role in embryo implantation and placentation. The purpose of this study was to
investigate the association of rs929271 SNP on LIF gene with recurrent pregnancy loss (RPL), placental location, and fetal gender
in Iranian Azeri women. A total of 300 Azeri women (150 women with at least two recurrent miscarriages and 150 women with at
least two healthy deliveries, as the control group) were genotyped for the 3'UTR region T>G SNP on LIF gene (rs929271) by real-time
polymerase chain reaction (PCR) method. Placental location and fetal gender were determined by two-dimensional sonography.
The analysis showed that female embryos were more likely to abort than males (OR=1.806, CI=1.275 to 2.557, Pvalue = 0.00083). The
highest odds percentage ratio (OPR) of abortion were in women with fundal (OPR =1.817) and anterior locations (OPR =1.483); and
the lowest in lower-lying placental locations (OPR = 0.448) (P = 0.0284). In this study, the frequency of T and G alleles were 0.99 and
0.01, respectively, and only two TT and TG genotypes were identified. Women with TG genotype had significantly more recurrent
pregnancy loss than TT genotypes (P = 0.0133). The women with TG genotype compared with the TT genotypes were more likely
to have low lying (OPR = 2.614) and anterior (OPR = 1.641) placental position. Also, the lowest OPR (0.231) for placental position of
TG versus the TT genotype was posterior location (P = 0.0464). The allele G caused more (about 1.9 folds) female embryos than T
allele, yet the difference was not significant (P = 0.34). In general, there are indications that the effect of this polymorphism on RPL
is repeated due to its effect on the placental location and fetal gender. However, to confirm these results, there is a need to repeat

this study in populations with more frequent G allele as well as other polymorphisms on the LIF gene.
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1. Background

1.1. Placental Location

There are several definitions, by which researchers
have used localization of the implantation and placental
site. Anterior, posterior, lateral, fundal, low-lying positions
are the most accepted definitions for placental location.
Anterior and posterior are the most frequent positions (60
to 90%) reported in previous studies (1). Placental position
and its probable effect on pregnancy outcome have been
investigated by a few studies. These studies showed that
placental position might have implications for poor preg-
nancy outcome, including preterm birth (2), small for ges-
tational age (3), fetal malposition, mal-presentation, and
the development of preeclampsia (3, 4). A study on 474
Saudi Arabia women showed that anterior placenta had
an association with a larger risk of gestational diabetes
mellitus, pregnancy-induced hypertension, and placental
abruption, while posterior placenta had a significant rela-
tionship with preterm labour (2).

1.2. Sex Ratio

In the XY sex-determination system, such as humans,
the father determines the sex of the child. However, ma-
ternal effects also determine, which sperm is more proba-
ble to reach conception. Also, sex-specific mortality of em-
bryos affects the sex ratio at birth (5). Some researchers
have showed a sex differential prenatal selection as very
high male-to-female ratio for early in utero loss (6-9). More
recent studies of aborted foetuses showed an increased
male-to-female ratio in anatomically (10) and cytogeneti-
cally studies of preterm birth (11-16). Thus, prenatal selec-
tion may act differentially on males and females.

1.3. Recurrent Pregnancy Loss

Recurrent pregnancy loss (RPL) has been defined as
the loss of two or more consecutive pregnancies before 20
weeks of gestation in the guidelines of the ASRM (American
Society of Reproductive Medicine) (17). Recurrent spon-
taneous miscarriage (RSM) is a loss of intrauterine preg-
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nancy without the involvement of external factors and is
divided to two groups of primary and secondary recur-
rent miscarriages. In the primary abortion, the child is
not born alive, yet in the secondary abortion, one or more
births occur, followed by abortions (18). Recurrent sponta-
neous miscarriage is known as a multifactorial syndrome
and the cause of more than 50% of cases of recurrent
miscarriage remains unexplained. Immunological refusal
may account for a fraction of apparently unexplained preg-
nancy losses (19, 20).

1.4. Leukemia Inhibitory Factor

The central point of the immunological regulation of
pregnancy is changes that occur in the production of cy-
tokines. In fact, non-regulation of the cytokine network
can interfere with a natural pregnancy and lead to recur-
rent abortion. On the other hand, the role of these cy-
tokines, including the inhibition of leukemia, has been
proven in implantation and placentation and can play a
significant role in recurrent abortions (21). Furthermore,
LIF is a multi-functional pleiotropic cytokine member of
the Interleukin-6 family. Its gene is located at 22qi2.2,
and has three exons, and its protein structure consists of
four alpha spirals produced by various cells, such as os-
teoblasts, hepatocytes, fibroblasts, macrophages, mono-
cytes, and T cells (22, 23). In addition, epithelial cells of en-
dometrium express LIF, and their expression on the very
first days post-fertilization creates a favourable environ-
ment for blastocystimplantation (24,25). Furthermore, LIF
hasbeen presented to mediate several processes of embryo
implantation ranging from blastocyst growth and devel-
opment, uterine preparation for implantation, decidual-
ization, uterine inflammatory responses towards the im-
planting embryos, embryo endometrial interaction, and
trophoblast invasion (26). A higher frequency of muta-
tions close to the initial codon of exon 1 and exon 3 was
observed in infertile females and has been related to unex-
plained infertility and recurrent implantation failure after
IVFand embryo transfer (27-30). One of the mostimportant
gene polymorphisms in the LIF gene is single nucleotide
polymorphism (SNP) thymine (T)/guanine (G) located in
the 3'UTR region (rs929271/c.1414T>G). The study of this
polymorphism in the population of Brazilian women at-
tempting IVF-ICSI showed that the G/G genotype in women
was associated with an increase in implantation and preg-
nancy after IVF[ICSI (31). Another study by Oliveira et al.
(22) on women under ICSI showed that this polymorphism
could be used as a sensitive biomarker to predict implan-
tation efficacy and pregnancy outcomes. Kang et al. (25)
showed that there is a significant relationship between G
allele and infertility, especially in patients younger than 35
years old.

2. Objectives

The objective was to study the polymorphism of
rs929271 on the LIF gene in Iranian Azeri women and its
relationship with recurrent pregnancy loss, placental loca-
tion, and fetal gender. This study was the first report of a ge-
netic association with RPL-placental location-fetal gender
complex.

3. Methods

3.1. Subjects

Overall, 150 Azeri women with at least two recurrent
abortions, who referred to infertility centers of the Arde-
bil, Hamedan, Zanjan, West and East Azarbaijan provinces,
and 150 Azeri women with at least two healthy deliveries
were selected as the control group from the health cen-
ters of five Azerbaijan cities. They completed the consent
form and ethics code was received. A questionnaire was
completed and a blood sample was taken. The question-
naire included maternal age, maternal abortion/deliveries
numbers, abortion/birth week, fetal/child sex in each deliv-
ery, placental location in each pregnancy, and kinship/non-
kinship parents. Determining the gestational age, lo-
cation of the placenta (anterior, posterior, lateral, fun-
dal, and low-lying positions), and fetal sex using two-
dimensional sonography in different weeks with intervals
of two months (from 6 to 20 weeks of pregnancy) by a gyne-
cologist and using the Accuvix V10 (Samsung Medison Co.
Ltd., Korea) ultrasonographic apparatus was used. The fe-
tal gender in the control group was assured by post-birth
control. For women, who had abortions in the early weeks
of pregnancy (under eight weeks of age), due to the in-
ability to correctly identify the sex, fetal gender was not
recorded for such cases.

3.2. Genotyping

To study the LIF T/G (rs929271) single nucleotide poly-
morphism, a sample of peripheral venous blood was col-
lected from each participant in to an EDTA-containing
tube. The DNA was extracted using the DynaBio TM DNA
Blood kit (Takapo Biotech Co, Tehran, Iran). Real-time
PCR amplification was used for genotyping. This study
used two separate reactions for each sample by a Tag-
man SNP genotyping assay (Applied Biosystems). The PCR
temperature and time conditions were as follows: 95°C
for 15 minutes, 45 cycles at 95°C for 20 seconds, then
annealing and extension at 60°C for one minute. The
samples were assayed in duplicates following the man-
ufacturer’s instructions for the chosen SNP. A validated
TagMan® SNP genotyping assay (rs929271) with FAM/VIC
prob 5'[G/T|CAAGACAGAAAGGCACCCGG3', forward primer
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5'GTGACTTGCTTTAGGGTGTC3’ and reverse primer 5'CCAA-
GAACAGTGTGAACCAG3’ was used. The PCR cycling reac-
tions were performed on an ABI Step One System. Five sam-
ples of each genotype were sequenced in an automatic se-
quencer XL 3500 Genetic Analyzer (Applied Biosystems) to
validate the genotyping results.

3.3. Statistical Analysis

After genotyping the samples, genotypic and allelic fre-
quencies were estimated and then Hardy-Weinberg equi-
librium test was done by the SAS 9.4 software (2014). Esti-
mation of odds ratio and comparing of the genotypic and
allelic frequencies between the controls and the patients
was performed by the FREQ procedure of the mentioned
software. Also, other association analysis between geno-
types, alleles, abortion, and fetal gender were done by the
FREQ procedure of the SAS software.

4. Results

Table 1 shows that in general, the percentage of males
in this sample was lower than females in both women, who
spontaneously conceived and delivered (48.67% males ver-
sus 51.33% female) and women with RPL (34.43% males ver-
sus 65.57% female). However, the odds ratio of female em-
bryos abortion is about 1.8 times that of males, and this dif-
ference was significant at the 5% level (OR=1.806, CI=1.275
-2.557,Pvalue=0.00083).

Based on the results of Table 2, the highest chances of
occurrence of abortion were in women with fundal pla-
centas (OPR = 1.817) and the lowest in low-lying placentas
(OPR = 0.448). Based on the chi square test, this differ-
ence in the occurrence of abortion for different placental
locations was significant (P = 0.0284). Paired comparisons
were performed to determine the difference between the
paired odds ratios (Table 3) and significance of these com-
parisons was shown in the form of similar or non-similar
(a-c) letters above individual odds percent ratios in Table
2. Similar letters showed non-significant differences and
non-similar letters indicated a significant difference be-
tween odds ratios. The odds ratio for the abortion of fundal
and the anterior placentas was highest and their difference
was not significant (OR = 0.816, P = 0.5120), and vice versa;
the lower placentas had the lowest chance of abortion yet
their difference with lateral placentas was not significant
(OR=0.6680, P =0.3149).

According to the results shown in Table 4, there was no
GG genotype in the studied subjects, and only six women
had the heterozygote genotype (TG), and the rest of the in-
dividuals had the TT genotype. The frequency of T and G
alleles were 0.99 and 0.01, respectively, and the population
was in a Hardy-Weinberg equilibrium (P = 0.98). The per-
centage of the TT genotype in women who spontaneously
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conceived and delivered and women with recurrent mis-
carriage was approximately equal (100% versus 96%), yet
the TG genotype was observed only in women with recur-
rent abortions (Table 5) i.e. women with the TG genotype
were significantly more likely to have RPL (P = 0.0133). Be-
cause of the null frequency of TG genotype in the control
group, it wasn’t possible to estimate the odds ratio of RPL
in women with the TT genotype versus TG. Despite the low
frequency of G allele in this population, this allele was sig-
nificantly associated with increasing RPL (P = 0.0138).

The association of genotypes and alleles of this poly-
morphism with fetal gender was not significant (Table 6).
Although the female to male ratio of embryos in women
with TG genotype was about two time higher than the TT
genotype, this difference was not statistically significant
(OR =1.903, 95% CI = 0.499 - 7.256, P = 0.3378) and the ra-
tio estimated for the G allele was 1.89 folds increase in com-
parison with the T allele, yet the association of alleles with
embryos sex ratio was not significant (P = 0.3403). The low
frequency of G alleles in this sample may be a reason for
this non-significant association.

The results in Table 7 showed that women with the TG
genotype had lowest and highest odds percent ratio (OPR)
in posterior and low lying positions, respectively.

In other words, if placenta locations of women with
TG genotype were to be determined, it could be suggested
that they were low-lying, anterior, fundal, lateral, and even-
tually posterior, respectively. Statistically, the odds ratio
of the TT genotypes was significant for posterior placen-
tas compared to the low-lying position (OR = 11.296, p =
0.0004) and anterior (OR =7.093, P = 0.0037), while other
positions were not statistically significant in this regard
(Table 8).

5. Discussion

The odds ratio of abortion for female embryos in this
study was significantly higher than that of males, which
is in agreement with the results of previous studies that
showed the female embryos may be more likely to be
aborted during embryogenesis, implantation, and early
embryonic development than males (32). According to the
evolutionary theory, imprinted male genes of the placenta
are slightly more prone to favour a male embryo than a fe-
male one, and it may explain the higher prevalence of fe-
males in abortion. In other words, in the first trimester of
pregnancy, miscarried females may be partially due to pa-
ternal imprinted genes (32).

The blood supply of the uterus is not uniformly dis-
tributed. The implantation site and placental location
within the uterus are likely important determinants of pla-
cental blood flow, as measured by uterine artery Doppler
velocimetry and therefore pregnancy success (2, 33). There
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Table 1. Relationship Between Fetal Sex and Abortion in the First Two Pregnancies of Iranian Azeri Women*®

Gender Control® Case® 0Odds 0Odds Ratio (95% CI) X PValue
Female 154 (51.33) 160 (65.57) 1.039

1.806 (1.275-2.557) 118 0.00083
Male 146 (48.67) 84 (34.43) 0.575
Total 300 (100) 244(100)
Abbreviation: CI, confidence interval.
? Values are expressed as No. (%).
® Normal women.
“‘Women with recurrent pregnancy loss.

Table 2. Association Between Placenta Location and Abortion in Iranian Azeri Women®
Placental Position Control® Case® 0dds*? 0dds Percent Ratio®* X PValue
Posterior 95 (44.60) 151(37.66) 15895 0.844°
Low lying 32(15.02) 27(6.73) 0.8438 0.448°
Anterior 48(22.54) 134 (33.42) 2.7917 1.483"
10.841 0.0284

Fundal 19(8.92) 65 (16.21) 3.4211 1.817*
Lateral 19(8.92) 24(5.99) 12632 0.6725¢
Total 213 (100) 401(100)

? Values are expressed as No. (%).

® Normal women.

€ Women with recurrent pregnancy loss.
d (n case)/(n control).

€ case (%)/control (%).

Non similar letters (A - C) above odds percent ratios show significant differences between placental position odds (P < 0.05).

are restricted reports on the association between placen-
tal location and abortion. Hill et al. (34) and Zia (2) have
described that placental location has no implications for
spontaneous pregnancy loss. In contrast, this study found
that fundal and anterior placenta were more significantly
miscarried compared with posterior placenta in women
with recurrent pregnancy losses. Hadley et al. (2005) (4)
supposed that the fundal location of the placenta is the
weakest point of the membrane over the cervical Os. As
the result of irregular uterine blood supply (33), the pos-
terior wall of the pregnant uterus is longer (35) and rather
thicker (36). Each of these factors may affect uterine blood
supply, especially as the uterus expands to accommodate
the pregnancy.

The G allele in rs929271 LIF gene SNP has been reported
at a relatively high frequency in most populations. This
frequency in the Caucasian women has been reported as
28.6% [(25) and Hu et al., 2011] and in Brazilian women, it
is about 35% (22, 31,37). However, no G allele was reported
in the African American population (25), which is close to
results of this study, due to the small amount of G allele
in this study (1%). Since the polymorphism was observed
only in two TT and TG genotypes in the current study, and
the number of women with the TG genotype was very low
(6 women), it may be concluded that this small number
has been caused by marriages of parents from two differ-

ent ethnicities in previous generations (2).

Oliveira et al. (22) studied the LIF rs929271 SNP in
411 Brazilian women. They did not find any significant
difference among the three genotypes in RPL and preg-
nancy (22). Results of Paskulin et al. (37) demonstrated
no association between LIF polymorphism (rs929271) and
endometriosis-related infertility or IVF failure patients.
The importance of LIF variants in human fertility was in-
vestigated by Kang et al. (25) and an association of LIF
(rs929271) gene with human fertility was observed in this
study, especially in patients under the age of 35 years old.

This study observed that women with TG genotypes
had significantly more recurrent pregnancy loss rate than
TT genotypes. This is in contrast with the results of previ-
ous studies, caused by lower frequency of G Allele in the
Iranian Azeri women population. Also, the current find-
ings showed that LIF SNP had no association with sex of em-
bryos/offspring. This is similar with the findings of Ucisik-
Akkaya et al. (38) that examined LIF SNP rs929271 for sex-
specific prenatal loss. The association was with wild-type
homozygosity for the LIF SNP rs929271, which yielded an
odds ratio of 0.71 (P =0.10).

The 3’ UTR is a versatile region that is enriched by regu-
latory elements and is vital for correct spatial, temporal ex-
pression of genes, or both. It has been claimed that the LIF
SNP (rs929271), located in the 3'UTR region of the LIF gene,

Gene Cell Tissue. 2019; 6(2):e86579.


http://genecelltissue.com

Heydarzadeh MJ and Mehmannavaz Y

Table 3. Estimated Odds Ratio and the P Values (in Parentheses) for Pair Comparing of Abortions in Five-Placenta Locations in Iranian Azeri Women

Posterior Low Lying Anterior Fundal Lateral
Posterior 1 0.530836 (0.0288) 1.756347(0.0079) 2.152318 (0.0077) 0.794702 (0.4884)
Low Lying 1 0.3022 (< 0.0001) 0.2466 (< 0.0001) 0.6680 (0.3149)
Anterior 1 0.816 (0.5120) 2.2101(0.0216)
Fundal 1 2.7083(0.0120)
Lateral 1

Table 4. Genotypic and Allelic Frequencies in LIF-rs929271 Polymorphism in Iranian Azeri Women and Hardy-Wienberg Equilibrium Test in This Population

Number Frequencies X2 PValue

Genotypes® 0.031 0.98

T 294 0.98

TG 6 0.02

GG 0 0

Total 300 1
Alleles

T 594 0.99

G 6 0.01

Total 600 1

20nly two genotypes TT and TG were seen in this population. The TG genotypic frequency in control group was 0, and for that reason, it is not possible to estimate odds

ratio for comparison TT vs. TG genotypes and also allele Tvs. G.

Table 5. Association Between rs929271 LIF SNP and RPL in Iranian Azeri Women

Control® Case® 0odds x> P Value

Genotypes® 61224 0.0133

T 150 (100) 144 (96) 0.96

TG o] 6(4) > 6 (infinity)

GG 0 0 0

Total 150 150
Alleles 6.0606 0.0138

T 300 (100) 294(98) 0.98

G (0] 6(2) > 6 (infinity)

Total 300 300

2 Only two genotypes TT and TG were seen in this population. The TG genotypic frequency in control group was 0, and for that reason, it is not possible to estimate odds

ratio for comparison TT vs. TG genotypes and also allele Tvs. G.
PValues are expressed as No. (%).

reduces the stability of the mRNA (39).

In conclusion, the current results revealed a potential
novel genetic biomarker for predicting placenta localiza-
tion and recurrent pregnancy loss. The results demon-
strate an approximate two-fold increased chance of female
embryos miscarried compared to males. The embryos im-
planted in fundal and anterior positions had about a two-
fold increased chance of abortion compared to the poste-
rior position. Women with the LIF (rs929271) GT genotype
had significantly more recurrent pregnancy loss and more

Gene Cell Tissue. 2019; 6(2):e86579.

anterior position for their placenta location. However, it
had no significant effect on sex of the embryo/offspring. It
may be concluded that part of the effects of allele G caused
more recurrent pregnancy loss by its effect on implanta-
tion and therefore placenta location in the anterior posi-
tion. Because of the low frequency of allele G in this popu-
lation, further studies exploring the association of the SNP
and also different genes involving implantation and their
polymorphisms are needed and will help clarify the influ-
ence of genetic variants on the placental localization and
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Table 6. Relationship Between rs929271 Polymorphism of LIF Gene and Fetal Gender in the First Two Pregnancies of Iranian Azeri Women

Female Male Total
Genotypes®
TT® 311(58.35) 222 (41.65) 533 (100)
TG ® 8(72.73) 3(27.27) 11(100)
0dds 0.0257 0.0135
Odds ratio (%95 CI) 1.903 (0.499-7.256)
X 0.9187
P 0.3378
Alleles
™ 630 (58.5) 447(415) 1077 (100)
G2 8(72.73) 3(27.27) 11(100)
0Odds 0.0127 0.0067
0dds ratio (%95 CI) 1.892 (0.499-7.171)
X 0.909
P 03403
 No GG genotype was seen in this study.
® Values are expressed as No. (%).
Table 7. Association of rs929271 LIF SNP and Placental Position in Iranian Azeri Women®
Placental Position T TG 0dds” OPR%? x2 PValue
Posterior 244 (41.15) 2(9.52) 0.008 0.231°
Low Lying 54(9.11) 5(23.81) 0.093 2.614"
Anterior 172 (29.01) 10 (47.62) 0.058 1.641*
9.1934 0.0464
Fundal 81(13.66) 3(14.29) 0.037 1.046"
Lateral 42(7.08) 1(4.76) 0.024 0.672"
Total 593 (100) 21(100)

? Values are expressed as No. (%).
®(n TG)/(n TT).
TG (%)TT (%).

9 Similar letters (A,B)above odds percent show no significant differences between these placental position odds. Non similar letters show significant differences between

them (P < 0.05).

Table 8. Estimated Odds Ratio and P Values (in Parentheses) For Pair Comparing of Odds Ratio Differences of TT and TG Genotypes in Five-Placenta Locations in Iranian Azeri

Women
Posterior Low Lying Anterior Fundal Lateral
Posterior 1 11.296 (0.0004) 7.093(0.0037) 4.518(0.074) 2.905(0.367)
Low lying 1 0.628(0.410) 0.4(0.2091) 0.263(0.1925)
Anterior 1 0.637(0.4989) 0.4095 (0.3861)
Fundal 1 0.6429 (0.7036)
Lateral 1

gender of embryos/offspring in recurrent pregnancy loss.
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