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Abstract

Background: Currently, infertility is a widespread problem. Despite recent advances in assisted re-
productive technologies, success rates still need to be improved. Understanding patients' variability
and addressing it with personalized methods may increase the success rates. The aim of the study:
The aim of the present study was to analyze the possibility of using variants rs12470652 and
rs2293275 of the LHCGR gene to predict ovarian response or pregnancy outcome in assisted repro-
ductive technologies, including the influence of cryopreservation factor. Materials and methods:
The present study included 292 infertile women who underwent assisted reproductive technologies.
Inclusion criteria were the first or second IVF/ICSI cycle, including women with tubal or/and male
factor, anovulation, idiopathic infertility. Exclusion criteria were reduced FSH and/or AMH serum
levels. Results: The frequency distribution for rs12470652 and rs2293275 gene variants was AA
(94%), AG (6%) and AA (9%), AG (52%), GG (39%) respectively. rs2293275 G allele was found to
be associated with low ovarian response. In total, frozen embryo transfer was found to be marginally
more efficient, than fresh embryo transfer. In women who became pregnant after fresh embryo trans-
fer, the rs2293275 G allele was statistically significantly found to be a risk factor for miscarriage.
Accordingly, frozen embryo transfer hypothesized to be more preferred for rs2293275 G allele carri-
ers to give live birth, than fresh embryo transfer. Meanwhile, fresh embryo transfer might be more
effective for rs12470652 G allele carriers to give live birth. Chi-squared test confirmed the results;
however, the odds ratio was not applied due to the limited sample size. Further studies and sample
increase are required to confirm the results. Conclusion: The present study proposes that LHCGR
rs12470652 and rs2293275 genetic variants may improve the prognosis of efficiency of fresh and
frozen embryo transfer and might be considered as predictors when planning IVF/ICSI cycles.
Keywords: LHCGR; ovarian response; pregnancy; miscarriage; live birth; fresh embryo transfer;
frozen embryo transfer
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Introduction. Infertility is a global pub-
lic health issue, affecting millions of individu-
als world-wide. The etiology of infertility is
caused by multiple conditions, including ge-
netic factors [1, 2]. An important representa-
tive of the genetic factors class is the gonado-
tropins receptors genes variation. The luteiniz-
ing hormone (LH) and human chorionic gon-
adotropin (hCG) are two glycoprotein hor-
mones regulating reproductive cycle in women
[3, 4]. They share a common o subunit and
have a unique B subunit responsible for binding
the same LH/hCG receptor (LHCGR) [5]. De-
spite these similarities, disparate endogenous
functions of these hormones are recognized,
including quantitatively different early intra-
cellular actions of the cAMP/PKA pathways
and steroidogenesis [6]. In fertile age women,
LH exerts its best-known functions in the
ovary. LH mediates proliferative signals in the
granulosa cells, induces internal theca cells to
produce high levels of androgens and leads the
follicle maturation, the ovulation, the granu-
losa cells luteinization, the progesterone syn-
thesis, andthe corpus luteum maintenance
during the luteal phase of the menstrual cycle
[1, 7]. hCG is the primate-specific pregnancy
hormone produced by trophoblast cells and
stimulates the production of progesterone in
the corpus luteum, saving the corpus luteum of
pregnancy from atresia and mediating the
growth of the placenta during pregnancy [1, 6,
7].

LH and hCG bind to a common 675-
amino-acid G protein-coupled receptor, char-
acterized by an unusually large extracellular
region, which can be subdivided into the high-
affinity hormone binding subdomain, and the
low-affinity hinge region (LHCGR: L285-
E354) involved in the transmembrane-medi-
ated signal transduction [8]. The receptor dis-
criminates between the two ligands and medi-
ates hormone-specific intracellular signaling
patterns of cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA)-, protein ki-

nase B (AKT)-, and extracellular signal-regu-
lated kinases %2 (ERK1/2)-pathway activation
[6]. LH is more potent than hCG in activating
ERK1/2 and AKT phosphorylation, consist-
ently with the requirement of proliferative and
survival signals for modulating folliculogene-
sis. Instead, hCG predominantly triggers
steroidogenic events fundamental for main-
taining pregnancy and acts mainly through
preferential activation of the cAMP/PKA-
pathway [7].

The human LH/hCG receptor gene is lo-
cated on the short arm of chromosome 2 [3]
and contains 11 exons [9]. The first 10 exons
encode the majority of the extracellular do-
main, while exon 11 encodes the C-terminal
end of the extracellular domain, the entire
transmembrane domain, and the intracellular
domain [5]. LHCGR exon 10 encodes 27
amino acids within the hinge region (Q290-
L316), which is an extracellular segment that
is important for hormone selectivity and signal
specificity, but not hormone binding [10, 11].
It has been previously described that LHCGR
contains evolutionarily conserved residues
regulating the hormone-receptor interaction
[12]. The murine LH receptor (Lhr) is structur-
ally similar to LHCGR and binds both human
LH and hCG. However, Lhr does not discrim-
inate qualitatively between the LH- and hCG-
specific signaling [6]. In vitro studies have
shown that LHCGR lacking exon 10 can be
fully activated by hCG, but with lower LH
function than wild-type [10]. The LHCGR
exon 10 deletion does not appear to be essen-
tial for the hCG or hLH binding, although the
native interaction between LH and LHCGR-
delExon10 is partially disturbed in a cis-acti-
vated process [10, 11], at the same time the ab-
sence of exon 10 does not affect either
the trans-activation mechanism of hCG or the
oligomerization of this receptor variant [11],
and also exhibits wild-type-like properties
when stimulated with hCG [8]. In addition,
previous data indicate that LH may exclusively
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stimulate the targeted LHCGR through cis-ac-
tivation, whereas hCG is also able to induce
trans-activation [11].

Taken together, it is hypothesized that
the presence of LHCGR residues associated
with LH and hCG differentiation allows sepa-
ration of their endocrine signals and optimiza-
tion of follicular development and pregnancy
support. Thus, it is assumed that damage to
exon 10 attenuates the LH-mediated ERK1/2
pathway but does not affect the hCG-mediated
CAMP/PKA pathway [11]. For these reasons,
the two specific LHCGR exon 10 rs12470652
and rs2293275 polymorphisms are good candi-
date markers for association studies.
rs12470652 and rs2293275 genetic variants are
located at positions 827 and 935 of exon 10,
respectively. In both cases, nucleotide A is re-
placed by nucleotide G, resulting in the substi-
tution of asparagine for serine (N291S and
N312S, respectively) in the LHCGR protein,
near glycosylation sites important for signal-
ling regulation [1].

Furthermore, A Delphi Consensus de-
fined that LHCGR polymorphisms may influ-
ence ovarian stimulation outcomes and could
represent potential future targets for phar-
macogenomic research in ART, although data
are still very limited [13].

The aim of the study. The aim of the
present study was to evaluate the effects
of LHCGR variation on ovarian response and
assisted reproduction technologies (ART) ther-
apy outcome.

Materials and methods

Study participants. The case-control
study included 292 women who underwent
controlled ovarian stimulation (COS) for ART
treatment at the Center for Human Reproduc-
tion and IVF (Rostov-on-Don, Russia) from
2017 to 2019. The women were between 23
and 42 years of age (mean: 32 = 0.3). All
women were undergoing through their first or
second ART cycle, including women with tu-
bal or/and male factor, anovulation, idiopathic
infertility. Tubal occlusion was diagnosed by
laparoscopic examination. Anovulation has
been determined by ultrasound as the absence
of dominant follicle formation, ovulation, and
corpus luteum maturation. Male factor has

been identified as the cause of infertility in
terms of semen parameters. Due to the pre-
dominance of male factor infertility, most of
the patients underwent intracytoplasmic sperm
injection (ICSI), the rest - by in vitro fertiliza-
tion (IVF). Exclusion criteria: reduced FSH
(<1.8 1U/l) and/or AMH (<0.6 ng/ml) levels.
To investigate the association between
LHCGR gene variation and ovarian response,
all patients were divided into 3 groups accord-
ing to the number of follicles obtained, which
reached a size of 13 mm in diameter in re-
sponse to COS: normal ovarian response (94
patients with 10-16 follicles); low ovarian re-
sponse (127 patients with <10 follicles); high
ovarian response (65 patients with >16 folli-
cles). To investigate the association between
LHCGR (gene variation and pregnancy
chances, all patients were divided into 2 groups
— pregnant after embryo transfer (ET) (n=107)
and nonpregnant after ET (n=185). To investi-
gate the association between LHCGR gene
variation and miscarriage risk, all patients who
had clinical pregnancy were divided into 2
groups — with live birth (n=69) and with mis-
carriage (n=38). To investigate the impact of
the cryopreservation factor, all patients were
divided into 2 groups — with fresh ET (n=154)
and with frozen ET (n=138).

Informed consent. The present study
was conducted in accordance with the princi-
ples set out in the Declaration of Helsinki. The
protocol was approved by the local Ethnic
Committee of the Academy of Biology and Bi-
otechnology of the Southern Federal Univer-
sity (approval certificate Ne 0104 from
13.02.2017). All women were included after
written and verbal informed consent.

Ovarian stimulation and oocyte re-
trieval. A short protocol of gonadotropin-re-
leasing hormone (GnRH) antagonists was used
during COS. Briefly, recombinant FSH treat-
ment was started on day 1 of the menstrual cy-
cle to stimulate follicular growth, GnRH antag-
onist treatment was started on day 5 for desen-
sitization, ovulation was induced with hCG on
day 10. Transvaginal aspiration of follicles un-
der ultrasound control was carried out 36 hours
after hCG administration, then the IVF/ICSI
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procedure was accomplished followed by em-
bryo cultivation and transfer. Due to an en-
larged risk of developing ovarian hyperstimu-
lation syndrome (OHSS) in patients with more
than 20 follicles obtained, which reached pre-
ovulatory maturation in response to COS, em-
bryo transfer was not performed in this cycle,
followed by cryopreservation.

Hormone assay. The early-follicular-
phase FSH, LH, AMH, progesterone and estra-
diol levels were determined in the blood serum
on the 3rd-5th day of the menstrual cycle, six
months before the start of the ART program,
using corresponding kits and “Access 2” ana-
lyzer (Beckman Coulter, USA).

Genotyping. For DNA isolation and
analysis, 10 ml of peripheral blood with EDTA
as an anticoagulant was drawn from each pa-
tient. Genomic DNA was isolated from blood
leukocytes using the DNA-EXPRESS-GE-
NETICS kit (Lytech Co. Ltd., Russia). Geno-
typing of LHCGR ¢.935A>G [rs2293275] ge-
netic variant was performed using allele-spe-
cific Real-Time PCR with primers: forward
primer 5'-GCAACAGCTCCGTAACCAAG-
37, reverse primer 5 -GTGAAAGCACAG-
TAAGGAAAGTGTA-3", reverse primer
(mut) 5'-TGAAAGCACAG-
TAAGGAAAGTGCG-3". Genotyping  of
LHCGR ¢.827A>G [rs12470652] genetic var-
iant was performed using allele-specific Real-
Time PCR and primers: forward primer 5'-
TGCAACAGCTCCGTAACCA-3", reverse
primer 5-AACCTCTTCTCTTTCAGA-
CAGTA-3’, reverse primer (mut) 5-AAC-
CTCTTCTCTTTCAGACAGTG-3". Each re-
action was a 25 ul mixture containing 16 pl of
deionized nuclease free H20, 5 pl of
qPCRMix (Evrogen Co. Ltd., Russia), 1 ul of
each primer, and 2 pl of genomic DNA. PCR
reaction conditions were as follows: 5 min de-
naturation at 94°C, followed by 35 consecutive
cycles of 95°C for 15 s, the optimum binding
temperature at 59°C for both SNPs, respec-
tively for 10 s, elongation processes at 72°C for
20 s. All samples were validated by double
genotyping.

Statistical analysis. Hardy-Weinberg
equilibrium (HWE) conformance was calcu-
lated applying the Pearson’s chi-square test.

Allele frequencies were assessed using the
two-tailed Fisher's exact test. The data distri-
bution was detected with the Shapiro-Wilk
normality test. Clinical parameters of patients
were compared using the Kruskal-Wallis H-
test as analysis of variance. A two-sided p
value <0.05 was admitted as statistically sig-
nificant. The associations between genotypes
and ovarian response, pregnancy chances and
miscarriage risk were computed using the
odds ratio (OR) with 95% confidence interval
(Cl) and chi-square test. Statistical analysis
was carried out using the Statistica 13 soft-
ware.

Results. In this study we analyzed the
genotype distribution of rs2293275 and
rs12470652 LHCGR variants in 292 infertile
women undergoing IVF/ICSI procedure aged
from 23 to 42 years. Since the human LH/hCG
receptor is common for two hormones in-
volved in both folliculogenesis and pregnancy
maintenance, the study was carried out in two
directions. The first direction was to analyze
the association of rs2293275 and rs12470652
LHCGR variants with ovarian response to
COS. According to their ovarian response, par-
ticipants were divided into a “Normal” study
group (n=94), a “Low” study group (n=127),
and a “High” study group (n=65). The second
direction was to analyze the association of
rs2293275 and rs12470652 LHCGR variants
with miscarriage risk, considering the cryo-
preservation factor. According to their
IVF/ICSI outcome participants were divided
into a “Pregnant” study group (n=107) and a
“Nonpregnant” study group (n=185). The
pregnant study group was further subdivided
into two groups (69 women with live birth and
38 women with miscarriage). This study de-
scribes cases of both fresh and frozen ET. To
assess the contribution of the embryo cryopres-
ervation factor, the studied population was also
divided into two groups (154 women with
fresh ET and 138 women with frozen ET).
Subsequent analyses were performed for the
entire studied population, as well as for fresh
and frozen ET groups separately.

The SNP rs2293275 in LHCGR gene is
associated with ovarian response to con-
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trolled ovarian stimulation. The clinical fea-
tures of infertile women undergoing IVF/ICSI
procedure are summarized in Table 1. By con-
ducting the Shapiro-Wilk normality test we de-
termined all data as nonparametric. The me-
dian age was 31 years for pregnant women and
32 years for nonpregnant women, and there
was no statistically significant difference.
Comparing clinical data using the Mann-Whit-
ney U-test, we also found no differences in se-
rum levels of FSH, LH, AMH, progesterone
and estradiol either between pregnant and non-
pregnant women, or women with live birth and
those with miscarriages (Table 1). Neverthe-
less, ovarian response significantly differed
between pregnant and nonpregnant women.
AFC (antral follicle count), total and meta-
phase Il oocytes amount was higher in preg-
nant women (p=0.006, p=0.023 and p=0.008
respectively). However, the subsequent Chi-
squared test calculation and odds ratio analysis

revealed no statistically significant association
either between ovarian response and preg-
nancy rate or between ovarian response and
risk of miscarriage (Table 2). The genotype
distribution of the rs2293275 SNP signifi-
cantly differed between groups of women with
normal, low, and high ovarian response
(p=0.005). The genotype distribution was in-
consistent with HWE in the normal and low re-
sponse groups (p=0.154 and p=0.986) and de-
viated from HWE in the high response group
(p=0.002). The proportion of wild type homo-
zygous AA, heterozygous AG and mutant ho-
mozygous GG in all groups is shown in Table
3. Our results confirmed the association be-
tween rs2293275 G allele and low ovarian re-
sponse (OR (95% CI) = 1.55 (1.05-2.31),
p=0.033). The genotype distribution of the
rs12470652 SNP was inconsistent with HWE
and did not differ between the groups.

Table 1
Clinical characteristics of the studied groups
Pregnant Nonpregnant p
Pregnant Vs. Nonpregnant n=107 n=185
Age (years) 31 (30-35) 32 (29-35) 0.328
FSH (1U/) 6.7 (5.6-7.6) 6.2 (5.0-7.6) 0.318
LH (1un 5.0 (3.9-6.5) 4.7 (3.4-6.8) 0.191
AMH (ng/ml) 3.4(2.2-7.2) 2.8(1.7-6.9) 0.142
Progesterone (nmol/l) 2.0 (1.0-6.4) 2.7 (1.0-6.4) 0.564
Estradiol (pmol/l) 152 (93-228) 142 (102-213) 0.867
AFC (n) 14 (10-19) 11 (9-17) 0.006
Oocytes total (n) 11 (7-17) 9 (6-14) 0.023
Oocytes metaphase Il (n) 9 (6-13) 7 (4-12) 0.008
Live birth Miscarriage p
Live birth Vs. Miscarriage n=69 n=38
Age (years) 31 (30-34) 31 (30-36) 0.340
FSH (1U) 6.5 (5.6-7.9) 6.9 (5.3-7.2) 0.329
LH (1UN) 5.0 (4.1-7.3) 5.0 (3.7-6.4) 0.093
AMH (ng/ml) 3.4 (2.4-1.7) 3.5(2.0-6.7) 0.147
Progesterone (nmol/l) 2.2 (1.0-6.6) 1.4 (0.6-6.0) 0.891
Estradiol (pmol/l) 130 (81-197) 174 (115-231) 0.504
AFC (n) 14 (10-20) 14 (10-19) 0.026
Oocytes total (n) 10 (6-16) 12 (7-17) 0.136
Oocytes metaphase Il (n) 9 (6-13) 9 (6-14) 0.055

Note: Data are presented as median (25th-75th percentiles). FSH — follicle stimulating hormone, LH — luteinizing hor-
mone, AMH — anti-Mullerian hormone, AFC — antral follicle count. Statistically significant nominal p-values are high-

lighted in bold.
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Table 2

The distribution of pregnant and nonpregnant women, and women with live birth and with

miscarriage, stratificated by ovarian response

n(%) | n(%) noy | 2 | P cI) P cl) P
Total 127 65 94
Pregnant 36 (28%) | 28 (43%) | 37(49%) | 5.088 | 0.079 R R
Nonpregnant | 91 (72%) | 37 (57%) | 57 (61%) 1.64 (0.93- | 0.111 | 0.86 (0.45- | 0.743
2.89) 1.63)
n(%) | n(%) noy | 2 | P cI) P cl) P
Live birth 24 (67%) | 16 (57%) | 23(62%) | 0.610 | 0.738 R R
Miscarriage | 12 (33%) | 12 (43%) | 14 (38%) 1.22 (0.47- | 0.808 | 0.81(0.30- | 0.799
3.18) 2.21)
Note: 1 — Low Vs. Normal; 2 — High Vs. Normal. R — reference.
Table 3

Genotype distribution and allele frequency of rs2293275 and rs12470652 SNPs in the LHCGR

gene in women with normal, low, and high ovarian response

Low High Normal OR (95% L OR (95% )
rs2293275 n (%) n (%) n (%) %2 p o) p o) p
Genotype 127 65 94
AA 8 (6%) 5(8%) | 15(16%) | 14.976 | 0.005 R R
AG 60 (47%) | 44 (68%) | 45 (48%) 2.50 0.066 | 2.93(0.98- | 0.080
(0.98- 8.76)
6.41)
GG 59 (47%) | 16 (24%) | 34 (36%) 3.25 0.018 | 1.41(0.44- | 0.774
(1.25- 4.57)
8.47)
AA+AG 68 49 60 1.53 0.132 | 0.58 (0.29- | 0.164
(0.89- 1.16)
2.64)
AG+GG 119 60 79 2.82 0.026 | 2.28 (0.78- | 0.149
(1.14- 6.62)
6.97)
Allele
A 76 (30%) | 54 (42%) | 75(40%) | 7.049 | 0.030 R R
G 178 76 (58%) 113 1.55 0.033 | 0.93(0.59- | 0.817
(70%) (60%) (1.05-2.31) 1.47)
rs12470652 Low High Normal 12 p OR (95% p? OR (95% p?
n (%) n (%) n (%) CI) CI)
Genotype 127 65 94
AA 121 62 (95%) | 86 (91%) | 1.651 | 0.439 R R
(95%)
AG 6 (5%) 3 (5%) 8 (9%) 0.53 0.276 | 0.52(0.13- | 0.527
(0.18-1.59) 2.04)
Allele
A 248 127 (98%) 180 1.600 | 0.450 R R
(98%) (96%)
G 6 (2%) 3 (2%) 8 (4%) 0.54 0.283 | 0.53(0.14- | 0.535
(0.19-1.60) 2.04)

Note: 1 — Low Vs. Normal; 2 — High Vs. Normal. R — reference. Statistically significant nominal p-values are highlighted

in bold.
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SNP rs2293275 in LHCGR gene is as-
sociated with miscarriage risk in women un-
dergoing fresh embryo transfer. The distri-
bution of genotypes for SNP rs2293275 in the
pregnant group was inconsistent with HWE
(p=0.292) and deviated from HWE in the non-
pregnant group (p=0.046). The proportion of
wild type homozygous AA, heterozygous AG
and mutant homozygous GG was 9, 50 and
41% in the pregnant group, and 10, 53 and 37%
in the nonpregnant group, respectively. Our re-
sults did not confirm an association between
rs2293275 SNP and pregnancy chances for the
entire studied population (p=0.810). We also
evaluated the association between rs2293275
SNP and pregnancy chances using three ge-
netic models: dominant (AG+GG Vs. AA), re-
cessive (GG Vs. AA+AG), and allelic (A Vs.
G). The results revealed no associations (Table
4). To evaluate if there is an association be-
tween rs2293275 SNP and miscarriage risk,
the pregnant study group was subdivided into
a live birth group and a miscarriage group. The
genotype distribution of the rs2293275 SNP in
both groups was inconsistent with HWE
(p=0.357 and p=0.465 respectively). The pro-
portion of wild type homozygous AA, hetero-
zygous AG and mutant homozygous GG was
12, 52 and 36% in the live birth group, and 5,
45 and 50% in the miscarriage group, respec-
tively. Our results did not confirm the associa-
tion between SNP rs2293275 and miscarriage
risk for the entire studied population in any of
the genetic models (Table 4). The genotype
distribution of the rs12470652 SNP in both
pregnant and nonpregnant study groups was
inconsistent with HWE (p=0.844 and p=0.620
respectively). The proportion of wild type ho-
mozygous AA and heterozygous AG were 96
and 4% in the pregnant group, and 93 and 7%
in the nonpregnant group, respectively (Table

4). The mutant homozygous GG were lacking.
There was no significant difference in the gen-
otype frequencies distribution between preg-
nant and nonpregnant women. Our results did
not confirm an association between the
rs12470652 SNP and pregnancy odds in either
the dominant or allelic genetic model. The as-
sociation between rs12470652 SNP and mis-
carriage risk was also investigated in the preg-
nant study group subdivided into the live birth
group and the miscarriage group (Table 4). The
genotype distribution of the rs12470652 SNP
in both groups was inconsistent with HWE
(p=0.854 and p=0.934). The proportion of wild
type homozygous AA and heterozygous AG
were 96 and 4% in the live birth group, and 97
and 3% in the miscarriage group, respectively.
There was no significant difference in the gen-
otype frequencies distribution between studied
groups. The results did not confirm an associ-
ation between SNP rs12470652 and miscar-
riage risk, without adjusting for the cryopres-
ervation factor.

To specifically determine if any associa-
tions occur at the expense of the embryo cryo-
preservation factor, women undergoing fresh
or frozen ET were further investigated sepa-
rately. The results of fresh ET subgroup analy-
sis are clarified in Table 5. No significant dif-
ferences were observed between the pregnant
and nonpregnant cohorts for either rs2293275
SNP or rs12470652 SNP. However, our study
revealed an association between rs2293275
SNP and miscarriage in women undergoing
fresh ET in the allelic model (p=0.033). Ac-
cording to our results, among women who un-
derwent fresh ET and became pregnant, carri-
ers of the G allele rs2293275 were more than
twice as likely to have a miscarriage compared
to carriers of the A allele (OR (95% CI) = 3.09
(1.06-8.96), p=0.039).
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Table 4
Genotype distribution and allele frequency of rs2293275 and rs12470652 SNPs in the LHCGR
gene in the entire studied population

Pregnant | Nonpregnant
rs2293275 n (%) n (%) 12 p OR (95% ClI) p
Pregnant Vs. Genotype 107 185
Nonpregnant - " A 10 (9%) 18 (10%) | 0.422 | 0.810 R
AG 53 (50%) 98 (53%) 1.03 (0.44-2.38) | 1.000
GG 44 (41%) 69 (37%) 0.87 (0.37-2.06) | 0.830
AA+AG 63 116 0.85(0.52-1.39) | 0.535
AG+GG 97 167 0.96 (0.42-2.16) | 1.000
Allele
A 73 (34%) | 134 (36%) | 0.262 | 0.609 R
G 141 (66%) | 236 (64%) 0.91 (0.64-1.30) | 0.654
Live birth | Miscarriage 12 p OR (95% CI) p
n (%) n (%)
Live birth Vs. | Genotype 69 38
Miscarriage  ["Aa 8 (12%) 2(5%) | 2.454 | 0.294 R
AG 36 (52%) 17 (45%) 1.89 (0.36-9.87) | 0.709
GG 25 (36%) 19 (50%) 3.04 (0.58- 0.284
15.99)
AA+AG 44 19 1.76 (0.79-3.93) | 0.218
AG+GG 61 36 2.36 (0.48- 0.489
11.73)
Allele
A 52 (38%) 21(28%) | 2.202 | 0.138 R
G 86 (62%) 55 (72%) 1.58 (0.86-2.91) | 0.175
rs12470652 Pregnant | Nonpregnant | 2 p OR (95% CI) p
n (%) n (%)
Pregnant Vs. | Genotype 107 185
Nonpregnant " A 103 (96%) | 172 (93%) | 1.337 | 0.248 R
AG 4 (4%) 13 (7%) 0.51 (0.16-1.62) | 0.307
Allele
A 210 (98%) | 357 (96%) | 1.297 | 0.255 R
G 4 (2%) 13 (4%) 0.52(0.17-1.63) | 0.314
Live birth | Miscarriage 12 p OR (95% CI) p
n (%) n (%)
Live birth Vs. | Genotype 69 38
Miscarriage  ["aa 66 (96%) | 37 (97%) | 0.201 | 0.655 R
AG 3 (4%) 1 (3%) 0.59 (0.06-5.92) | 1.000
Allele
A 135(98%) | 75(99%) | 0.197 | 0.658 R
G 3 (2%) 1 (1%) 0.60 (0.06-5.87) | 1.000

Note: R — reference.
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Table 5
Genotype distribution and allele frequency of rs2293275 and rs12470652 SNPs in the LHCGR

9203275 Pregnant | Nonpregnant 5 OR (95% ClI
rs n (%) n (%) x p (95% ClI) p
Pregnant Vs. Genotype 53 101
Nonpregnant - ["Ax 4 (8%) 11 (11%) | 1.902 | 0.387 R
AG 22 (41%) | 50 (50%) 0.83 (0.24-2.88) | 1.000
GG 27 (51%) 40 (39%) 0.54 0.389
(0.16-1.87)
AA+AG 26 61 0.63 0.231
(0.32-1.23)
AG+GG 49 90 0.67 0.581
(0.20-2.21)
Allele
A 30(28%) | 72(36%) | 1.692 | 0.194 R
G 76 (72%) | 130 (64%) 0.71 0.205
(0.43-1.19)
Live birth | Miscarriage %2 p OR (95% CI) p
n (%) n (%)
Live birth Vs. | Genotype 36 17
Miscarriage  ["ap 4 (11%) 0 4.667 | 0.097 R
AG 17 (47%) 5 (29%) n.a. n.a.
GG 15 (42%) 12 (71%) n.a. n.a.
AA+AG 21 5 3.36 (0.98-11.56) | 0.077
AG+GG 32 17 n.a. n.a.
Allele
A 25 (35%) 5 (15%) 4.560 | 0.033 R
G 47 (65%) 29 (85%) 3.09 (1.06-8.96) | 0.039
rs12470652 Pregnant | Nonpregnant %2 p OR (95% CI) p
n (%) n (%)
Pregnant Vs. Genotype 53 101
Nonpregnant  [“A 50 (94%) | 94 (93%) | 0.092 | 0.762 R
AG 3 (6%) 7 (%) 0.81 (0.20-3.25) | 1.000
Allele
A 103 195 (97%) 0.089 | 0.766 R
(97%)
G 3 (3%) 7 (3%) 0.81(0.21-3.20) | 1.000
Live Miscarriage %2 p OR (95% CI) p
birth
n (%) n (%)
Live birth Vs. | Genotype 36 17
Miscarriage  ["Ap 33(92%) | 17 (100%) | 1.502 | 0.221 R
AG 3 (8%) 0 n.a. n.a.
Allele
A 69 (96%) | 34 (100%) | 1.458 | 0.228 R
G 3 (4%) 0 n.a. n.a.

Note: R — reference. n.a. — not applicable. Statistically significant nominal p-values are highlighted in bold.




OpueuHaJZbHaﬂ cmambus
Original article

Lyangasova OV, et al. LHCGR gene variants are associated with ...

450

SNP rs12470652 in the LHCGR gene
IS associated with miscarriage risk in
women undergoing a frozen embryo trans-
fer. Further, a similar association research was
carried out among women who underwent fro-
zen ET. The results of the frozen ET subgroup
analysis are clarified in Table 6. The present
study revealed no associations between preg-
nancy chances and miscarriage risk and any of
the studied SNPs in women who underwent
frozen ET. To estimate the impact of cryopres-
ervation factor on IFV/ICSI outcome, we com-
pared the distribution of IFV/ICSI outcomes
between women undergoing fresh or frozen
ET. The results revealed no associations (Ta-
ble 7). Therefore, the estimation for each

LHCGR rs2293275 and rs12470652 genotypes
specifically was carried out. Our results re-
vealed an association of the rs12470652 SNP
with the risk of miscarriage when comparing
women who underwent fresh ET and women
who underwent frozen ET, carriers of the AG
genotype (Table 8). Among the study partici-
pants, who got pregnant, there were only four
with the rs12470652 AG genotype. Three of
them, who underwent fresh ET, gave birth, and
the remaining one, who underwent frozen ET,
had a miscarriage. The Chi-squared test con-
firmed a significant difference (p=0.046);
however, the odds ratio was not applied due to
the limited sample size.

Beginning of Table 6

Genotype distribution and allele frequency of rs2293275 and rs12470652 SNPs in the LHCGR
gene in women who underwent frozen embryo transfer

Pregnant | Nonpregnant
rs2293275 o (%) o (%) 12 p | OR(95%CI)| p
Pregnant Vs. Genotype 54 84
Nonpregnant  Fan 6 (11%) 7 (8%) 0.361 | 0.835 R
AG 31 (57%) 48 (57%) 1.33(0.41-4.32)| 0.762
GG 17 (32%) 29 (35%) 1.46 (0.42-5.07)| 0.748
AA+AG 37 55 1.15(0.55-2.38)| 0.853
AG+GG 48 77 1.38 (0.44-4.34)| 0.766
Allele
A 43 (40%) 62 (37%) | 0.236 | 0.627 R
G 65 (60%) 106 (63%) 1.13 (0.69-1.86)| 0.703
Live birth | Miscarriage %2 p OR (95% CI) p
n (%) n (%)
Live birth Vs. | Genotype 33 21
Miscarriage  "an 4 (12%) 2 (10%) | 0.116 | 0.944 R
AG 19 (58%) 12 (57%) 1.26 (0.20-7.99)| 1.000
GG 10 (30%) 7 (33%) 1.40 (0.20-9.87)| 1.000
AA+AG 23 14 1.15 (0.36-3.71)| 1.000
AG+GG 29 19 1.31 (0.22-7.87)| 1.000
Allele
A 27 (41%) 16 (38%) | 0.085 | 0.771 R
G 39 (59%) 26 (62%) 1.13 (0.51-2.49)| 0.842
rs12470652 Pregnant | Nonpregnant | 2 p OR (95% CI) p
n (%) n (%)
Pregnant Vs. | Genotype 54 84
Nonpregnant  Fan 53(98%) | 78 (93%) | 1.911 | 0.167 R
AG 1 (2%) 6 (7%) 0.25 (0.03-2.10)| 0.246
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End of Table 6
Genotype distribution and allele frequency of rs2293275 and rs12470652 SNPs in the LHCGR
gene in women who underwent frozen embryo transfer

Pregnant | Nonpregnant
rs2293275 n (%) n (%) 12 p OR (95% CI) p
Allele
A 107 (99%) | 162 (96%) | 1.861 | 0.173 R
G 1 (1%) 6 (4%) 0.25 (0.03-2.13)| 0.252
Live birth | Miscarriage %2 p OR (95% CI) p
n (%) n (%)
Live birth Vs. | Genotype 33 21
Miscarriage  "ap 33 (100%) | 20 (95%) | 1.601 | 0.206 R
AG 0 1 (5%) n.a. n.a.
Allele
A 66 (100%) 41(98%) | 1.586 | 0.208 R
G 0 1 (2%) n.a. n.a.
Note: R — reference. n.a. — not applicable.
Table 7
The distribution of participants according to the embryo transfer method
and IFV/ICSI outcome
Embryo transfer Total Pregnant Nonpregnant 2 0 OR (95% CI) 0
n n (%) n (%)
Fresh 154 53 (34%) 101 (66%) 0.697 | 0.404 R
Frozen 138 54 (39%) 84 (61%) 1.23(0.76-1.97) | 0.466
Total Live birth Miscarriage
n n (%) n (%)
Fresh 53 36 (68%) 17 (32%) 0542 | 0.462 R
Frozen 54 33 (61%) 21 (39%) 1.35(0.61-2.98) | 0.546

Note: R — reference.

Beginning of Table 8
The distribution of participants according to the embryo transfer method and IFV/ICSI
outcome for each LHCGR rs2293275 and rs12470652 genotypes specifically

rs2293275 | Genotype 'E'r;r?s:%cr) Tontal Pl;]e?;j)nt Non:zs/g; ;1 ant 12 p OR (95% CI) p

AA Fresh 15 4 (27%) 11 (73%) 1.152 | 0.284 R
Frozen 13 6 (46%) 7 (54%) 2.36 (0.49-11.45)| 0.433

AG Fresh 72 22 (31%) 50 (69%) 1.247 | 0.265 R
Frozen 79 31 (39%) 48 (61%) 1.47 (0.75-2.88) | 0.307

GG Fresh 67 27 (40%) 40 (60%) 0.128 | 0.721 R
Frozen 46 17 (37%) 29 (63%) 0.87 (0.40-1.88) | 0.845

Aallele Fresh 87 26 (30%) 61 (70%) 2.093 | 0.148 R
Frozen 92 37 (40%) 55 (60%) 1.58 (0.85-2.93) | 0.162

G allele Fresh 139 | 49 (35%) 90 (65%) 0.281 | 0.597 R
Frozen 125 | 48 (38%) 77 (62%) 1.14 (0.69-1.89) | 0.611
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End of Table 8
The distribution of participants according to the embryo transfer method and IFV/ICSI
outcome for each LHCGR rs2293275 and rs12470652 genotypes specifically

rs2293275 | Genotype tErr:r?S'%‘r’ Tontal P;e?;;m N°“rf’;§j);‘ M | p | orR@s%CH) | p
Total | Live birth | Miscarriage
n n (%) n (%)
AA Fresh 4 4 (100%) 0 1.667 | 0.197 R
Frozen 6 4 (67%) 2 (33%) n.a. n.a.
AG Fresh 22 17 (77%) 5 (23%) 1.509 | 0.220 R
Frozen 31 19 (61%) 12 (39%) 2.15 (0.63-7.36) | 0.249
GG Fresh 27 15 (56%) 12 (44%) 0.045 | 0.832 R
Frozen 17 10 (59%) 7 (41%) 0.88 (0.26-2.99) | 1.000
Aallele Fresh 26 21 (81%) 5 (19%) 2.510 | 0.114 R
Frozen 37 23 (62%) 14 (38%) 2.56 (0.79-8.32) | 0.164
G allele Fresh 49 32 (65%) 17 (35%) 0.248 | 0.619 R
Frozen 48 29 (60%) 19 (40%) 1.23(0.54-2.81) | 0.677
rs12470652 | Genotype Total | Pregnant | Nonpregnant | 2 p OR (95% CI) p
n n (%) n (%)
AA Fresh 144 | 50 (49%) 94 (55%) 0.963 | 0.327 R
Frozen 131 | 53 (51%) 78 (45%) 1.28 (0.78-2.08) | 0.383
AG Fresh 10 3 (75%) 7 (54%) 0.565 | 0.453 R
Frozen 7 1 (25%) 6 (46%) 0.39 (0.03-4.80) | 0.603
Total | Live birth | Miscarriage
n n (%) n (%)
AA Fresh 40 33 (50%) 17 (46%) 0.156 | 0.693 R
Frozen 53 33 (50%) 20 (54%) 1.18 (0.53-2.64) | 0.837
AG Fresh 3 3 (100%) 0 4.000 | 0.046 R
Frozen 1 0 1 (100%) n.a. n.a.

Note: R — reference. n.a. — not applicable. Statistically significant nominal p-values are highlighted in bold.

Discussion. LH plays a crucial role in
follicle maturation and uterine preparation, and
hCG is required to maintain pregnancy. Alt-
hough they bind the same LH/hCG receptor,
their functions, as well as the pathways they in-
itiate, differ [6]. The previously described clin-
ical case report [14] showed that deletion of the
LHCGR exon 10, encoding LHCGR hinge re-
gion, responsible for hormone selectivity and
signal transduction, but not hormone binding
[10, 11], does not affect hCG action, while LH
action is impaired. The study reported the pa-
tient carried an exon 10 deletion affecting the
conformational structure of LHCGR, impair-
ing LH- but not hCG-mediated signaling, alt-

hough maintaining the ability to bind both lig-
ands [14]. This clinical case confirmed the im-
portance of the reported LHCGR hinge region
to discriminate between the two hormones.
Furthermore, it has been shown that LH acti-
vates LHCGR by a cis-mechanism, and hCG-
mediated trans-activation is not a common
mechanism for both hormones; and the lack of
27 amino acids in the extracellular hinge re-
gion of LHCGR encoded by exon 10 affects
the cis-activation but not trans-activation
mechanism [12].

Furthermore, previous in vitro studies
have also shown that cell treatment with LH is
accompanied by increased cell viability due to
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proliferative and anti-apoptotic ERK1/2-path-
ways activation, while hCG reduced the viable
cells number through cAMP/PKA-mediated
pro-apoptotic effect [15, 16]. It is also worth
considering the diversity of hCG isoforms, in-
cluding classical hCG, hyperglycosylated
hCG, and the free B unit of hyperglycosylated
hCG, and sulphated hCG, which have different
receptor binding affinities, physiological func-
tions, bioactivity, and effect on implantation
[17, 18]. Produced by cytotrophoblast cells
during implantation, hyperglycosylated hCG
reduces apoptosis of trophoblast cells and in-
duces embryo implantation and trophoblastic
invasion [18]. And since rs2293275 and
rs12470652 genetic variants are located near
the receptor glycosylation sites, this may fur-
ther interrupt the hyperglycosylated hCG func-
tioning as an invasion promoter and contribute
to the pro-apoptotic effect of hCG-mediated
CAMP/PKA-pathways signaling. Moreover,
hCG could also impact the implantation by
modulating the immune balance [17]. Thus, it
is hypothesized that the simultaneous disrup-
tion due to LHCGR exon 10 variation LH-me-
diated ERK1/2-pathways signaling and unaf-
fected hCG-mediated cAMP/PKA-pathways
signaling, causing abnormalities in circulating
levels of several glycoforms of hCG, may lead
to growth stagnation and increased miscarriage
risk. These assumptions are inconsistent with
the results of the present study. Previously C.
Guo et al. have shown an association of the
rs2293275 GG genotype with higher preg-
nancy rate after fresh ET [4], and G.A. Rama-
raju et al. have also shown an association of the
rs2293275 G allele with higher pregnancy rate
[19], although it is not clear from this study
whether the embryo transfer was fresh or fro-
zen. And vice versa, other studies have shown
the rs2293275 AA genotype to be a protective
factor for successful IVF, and the GG genotype
to be susceptive for IVF failure [20], although
it is also not clear from this study whether the
embryo transfer was fresh or frozen. Some
other studies have shown no associations of
LHCGR variants with pregnancy outcome and
live birth rates [21]. It is worth noting that the
present study showed different associations

with miscarriage for both fresh and frozen em-
bryo transfers. No research has previously
been conducted to compare the IVF/ICSI out-
come between fresh and frozen cycles based on
the LHCGR variation. Our findings demon-
strated that rs2293275 SNP is associated with
miscarriage following fresh ET, while
rs12470652 SNP is associated with miscar-
riage following frozen ET. According to our
results, among women who underwent fresh
ET and got pregnant, rs2293275 G allele carri-
ers more than twice as often had a miscarriage,
compared to A allele carriers (p=0.039). It was
also evident that rs12470652 G allele carriers
who underwent frozen ET had a higher miscar-
riage risk when compared to women who un-
derwent fresh ET (p=0.046), although the odds
ratio was not applied due to the limited sample
size. hCG RNA is already transcribed at the
eight-cell stage, the blastocyst produces the
protein before its implantation, which subse-
quently, after embryo transfer, binds to
LHCGR on the endometrial surface in the uter-
ine microenvironment [17]. Thus, it is conceiv-
able that embryo freezing alters the blastocyst
produced hCG conformation or its RNA tran-
scription conditions, which may interrupt its
binding to the receptor in minor rs12470652 al-
lele carriers, causing miscarriage. However,
molecular mechanisms remain to be clarified.

The assumption that impaired LH-medi-
ated signaling affects follicles maturation is
consistent with our results confirming the as-
sociation of rs2293275 SNP with ovarian re-
sponse. The present study revealed the minor
rs2293275 G allele to be associated with low
ovarian response. Although most previous
studies have not found an association of
rs2293275 SNP with ovarian response [4, 9,
22], despite a higher prevalence of the minor
allele in patients with poor ovarian response
[23]. In the present study it was also evident
that ovarian response was higher in pregnant
women than in nonpregnant. Although it has
previously been shown that the delivery rate is
closely associated with the number of oocytes
retrieved during ovarian stimulation [13], the
present study did not confirm the association.
This may support the suggestion that hCG has
a stronger effect on LHCGR by activation both
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of cis- and trans-mechanisms, whereas LH ac-
tivates LHCGR only by the cis-mechanism
[12], which is thought to be impaired in G al-
lele carriers.

In total, in the present study the preg-
nancy rate was 37% for all IVF/ICSI cycles,
and the live birth rate was 21%. In fresh cycles
the pregnancy rate was 34%, and the live birth
rate was 22%, while in frozen cycles the preg-
nancy rate was 39%, and the live birth rate was
24%. Frozen ET appears to be more efficient
than fresh ET, and for rs2293275 G allele car-
riers even more preferred to give live birth.
However, considering the results of the present
study, fresh ET might be more effective for
rs12470652 G allele carriers to give live birth.

Conclusion. Taken together, both
LHCGR rs2293275 and rs12470652 variants
were found to be perspective markers in the
prediction of assisted reproduction therapy
outcomes. Thus, the main findings of the pre-
sent study were as follows. rs2293275 G allele
is associated with low ovarian response.
Among women who underwent fresh ET and
became pregnant, carriers of the rs2293275 G
allele more than twice as often had miscar-
riage, compared to A allele carriers. There were
no significant differences between rs2293275
A and G alleles carriers in outcomes following
frozen IVF/ICSI cycles. Accordingly, frozen
ET might be more preferred for rs2293275 G
allele carriers to give live birth, than fresh ET.
Among the study participants, who got preg-
nant, there were only four with the rs12470652
AG genotype. Three of them, who underwent
fresh ET, gave birth, and the remaining one,
who underwent frozen ET, had a miscarriage.
The Chi-squared test confirmed that fresh ET
is more effective for rs12470652 G allele car-
riers to give live birth; however, the odds ratio
was not applied due to the limited sample size.
Further research and sample increase are re-
quired to confirm the findings.

In summary, according to our data, the
prognosis of efficiency of fresh and frozen em-
bryo transfer might be improved if the LHCGR
rs2293275 and rs12470652 genotypes are con-
sidered as predictors when planning IVF/ICSI
cycles.
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