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Article Info. Abstract

The most frequent first-trimester problem is a miscarriage, which affects 20% of pregnancies. In approximately 20-25
percent of confirmed pregnancies, threatened miscarriage is indeed a risk factor that may develop or resolve. This study
aimed to assess the impact of certain HLA-G gene SNPs and sHLA-G serum levels to determine whether they play a
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1. Introduction

The term "threatened abortion" refers to abnormal bleeding and abdominal pains that occur while the pregnancy is still going on. While
vaginal bleeding is typical in early pregnancy, anything other than spotting during the first trimester might indicate a threatened abortion [1].
Pregnancy is an immunological contradiction in which the fetus and placenta, which carry foreign antigens to the mother's immune system,
grow without being rejected by it. For a successful pregnancy and to avoid rejection, secreted substances like cytokines, hormones, and also
extracellular vesicles facilitate cell-to-cell contact between the fetus and the mother [2].

HLA system is a gene cluster that primarily encodes antigens for MHC proteins existing on human leukocyte cell membranes, hence the
name. These cell surface proteins are primarily in charge of human immunological control, at the humoral and cellular levels. Because that's
the most important region of the human genome for infections and autoimmune diseases, it's also necessary for both adaptive and innate
immunity. HLA gene cluster is situated in a 3-Mbp locus on the short arm of chromosome 6p21 [3]. The Human leukocyte antigens (HLA)
are composed of three regions: HLA I, 11, and I1l. however, both MHC-I & MHC-1I complexes display particularly short peptides to T-cells.
MHC-I binds endogenous synthesis cellular peptides, such as normal protein molecules, genetically altered (mutated), defected, deteriorated,
or misfolded proteins, as well as proteins from the viral origin to Tc lymphocyte (CD8+T-cell). Exogenous driven peptides, as proteins from
the bacterial origin, are delivered to Th lymphocytes (CD4+T-cell) via Class Il MHC [4].

HLA-G is a famous non-classical immunological modulating molecule. In the physiological conditions, surface expressions of HLA-G are
limited to the maternal—fetal interface as well as immunologically privileged adults organ and tissue, while soluble HLA-G is distinguished in
diverse body fluids. HLA-G can be expressed in pathological situations such as cancers, chronic infections, and allogeneic transplantation.
HLA-G influences immunological responses both in positive and negative ways, enhancing tolerance and modulating innate and adaptive
immune responses while also producing immune escape mechanisms [5]. Human leukocyte antigen-G (HLA-G) is important for placentation
and generating tolerance to the semiallogeneic fetus. HLA-G inhibits immunological cellular activities and may safeguard the fetus from
harm caused by the mother's immunological system [6]. A soluble form of HLA-G (sHLA-G) is generated by alternative splicing and
proteolytic cleavage and is expressed by all trophoblasts, immune cells, and other tissues. SHLA-G, like its membrane-bound counterpart, can
decrease immunological responses by activating receptors on immune cells.

69


mailto:ahm_hsh@yahoo.com
http://creativecommons.org/licenses/by/4.0/
http://journal.mtu.edu.iq/

Ahmed H. M. et.al, Journal of Techniques, Vol. 4, No. 2, June 30, 2022

Nomenclature & Symbols

CD Cluster of Differentiation ELISA Enzyme-linked immunosorbent assay
EDTA Ethylenediaminetetraacetic acid HLA-G Human Leukocyte Antigen-G

MHC Major histocompatibility complex NK Natural Killer

PCR Polymerase Chain Reaction SHLA-G Soluble Human Leukocyte Antigen-G
SNPs Single Nucleotide Polymorphisms TA Threatened abortion

URR upstream regulatory region UTR untranslated region

In assisted reproduction research, the relevance of SHLA-G has been established. SHLA-G appears to be important in controlling the maternal
immune system response to embryonic tissues in the early stages of pregnancy [7].

Exosomes can also be used to release HLA-G from the placenta and modify NK and T cell activity outside of the placenta. Trogocytosis, in
which NK and T cells with HLA-G become immunosuppressive, is a novel method by which HLA-G modifies dNK cell and T cell function
[8].

HLA-G surface expression is limited to the maternal-fetal interaction and immunologically-privileged tissues in the human body but
solubilized forms of HLA-G may be found in a variety of body fluids. In contrast to the standard HLA class | gene, the non-coding (3'UTR)
as well as the 5' upstream regulatory regions (5'URR) of the HLA-G locus are highly variable. In the instance of the 3’ UTR, variation in
these regions affects HLA-G expression by changing mRNA stability or permitting posttranscriptional regulation, whereas, in the case of the
HLA-G promoter regions (5’ URR), it senses the microenvironment and responds to particular stimuli. Because of the impact of genetic
polymorphisms on HLA-G expression, it's a promising biomarker for tracking disease risk, progression, and treatment response [5]. The
objective of this study was to see if certain HLA-G gene SNPs and sHLA-G serum levels play a role in threatening abortions.

2. Materials and Methods

2.1. Subjects

This study included a total of 30 patients (30 threatened abortion cases) and 60 healthy controls (30 pregnant and 30 non-pregnant healthy
women). The gynecologist specialist physician diagnosed TA in the first 20 weeks of the pregnancy period. The exclusion criteria were as
follows: Ages < 20 or > 35ss years old, patients and/or control were positive for TORCH (Toxo/Rubella/CMV/HSV1-2) test, patients and/or
control were positive for anti-phospholipid antibodies (APA), other types of abortions, infection, uterine anomalies, and exposure to
environmental and occupational dangers such as high amounts of radiation or toxic chemicals. The inclusion criteria were as follows: Single
fetus pregnancy with gestational age 6 - 20 weeks, ultrasonography confirmed intrauterine pregnancy with a viable fetus, and vaginal
bleeding with closed cervical os. The study was approved by the ethics committee of the Babylon Health Department, and patients' consent
was taken to conduct the study.

2.2. Specimens

The blood samples were obtained with a 5 ml for each participant, and a portion of the blood sample (2 ml) was placed in EDTA tubes for
HLA-G study by PCR method as well as sequencing, and a portion of the blood sample (3 ml) was placed in gel tubes for each sample will be
separated into serum for ELISA testing of SHLA-G levels.

2.3. Study protocols

Quantitative measurement of SHLA-G by ELISA Kit, according to the commercial ELISA kit (SUNLONGBIOTECH, Manufacturer in
Hangzhou, China) manufactures protocol. Detecting of HLA-G gene snps was done by PCR method and PCR Sequencing according to
Promega, USA. In PCR, the following specific primers (Macrogen, Korea) were being used, see Table 1.

Table 1 Specific designed primers used (the primers were designed)

Primer Seq Annealing Product

Name ' Temp. (°C) size (bp)
rs1233334 -F 5-TGTAAAACGACGGCCAGTGTCATGGAACAGTGCTAGAG-3" 50 966
rs1233334 -R 5-CAGGAAACAGCTATGACCCTGGGATTGTAGGTGTAAAG-3

2.4, Statistical analysis

Statistical processes and data presentation were performed using SPSS version 24. To examine for differences among study groups,
descriptive statistics, and ANOVA. Also, Odds ratios were employed.

3. Results
The data in the Table 2 represent the levels of SHLA-G distributed among studied groups. The mean SHLA-G level was significantly elevated

(430.4 Pg/ml) in the pregnant women sera in comparison with the threatened abortion group (308.0 Pg/ml) and non-pregnant women (192.1
Pg/ml) (P= 0.001).
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The findings indicate that there was a highly significant difference (P<0.01). The three groups were obtained and concluded that at least one
pair of groups were not equal and that the test of comparisons needed to be continued by using the least significant difference (LSD ) test as
illustrated in the next Table 3.

Table 3 displayed the findings of multiple comparisons using the LSD method, which expressed a statistically differences with regards to the
various groups of concentrations as the following:

Concerning SHLA-G level, the findings demonstrate a highly significant difference (P<0.01) obtained between the threatened abortion group
and the leftover groups.

Association of the HLA-G gene snps with threatened abortion and serum sHLA-G level was examined. The genotypes and allele frequency
distributions of HLA-G gene snps ( rs1736936 G/A, rs1736935 A/G/T, rs3823321 G/AJT, rs1736934 A/T, rs17875389 A/G, rs3115630
T/AICIG, rs1632947 G/A, rs1632946 C/G/T, rs1233334 G/AICIT, rs2249863 T/C/G, rs2735022 A/G/T, rs35674592 G/T, rs1632944 G/A/C )
were investigated in 30 TA patients , 30 healthy pregnant women and 30 healthy non-pregnant women by polymerase chain reaction then sent
for DNA sequencing .

Table 4 showed genotype frequency among threatened abortion, pregnant women, and non-pregnant women, Genotype frequencies of HLA-
G gene snps were non-significant differences between TA cases and controls. Hardy-Weinberg equilibrium in patients and controls samples
to reveal genotypes and sampling errors, our results were distributed in control groups in Hardy-Weinberg equilibrium as the non-significant
deviation of the observed value from the expected value.

Table 5 shows alleles frequency among threatened abortion, pregnant women, and non-pregnant women, alleles frequencies of HLA-G gene
snps were non-significant differences between TA cases and controls, except rs2249863 T/C/G was a significant difference between T allele
and G allele at OR=1.720 ( p-value = 0.038).

In our study, we studied whether certain HLA-G polymorphisms and their protein levels in patients' serum may predispose someone to TA
and affect pregnancy outcomes. Thirteen SNPs were identified, suggesting that genetic variations might be one of the reasons for threatening
abortions.

Table 2 Serum levels of SHLA-G across study groups

Threatened abortion Pregnant women Non-pregnant women val
Mean Min. Max. Mean Min. Max. Mean Min. Max. p-vaiue
SHLA-G 0 .001
level 308.0 148.1 631.4 430.4 281.9 723.0 192.1 126.7 269.1 H S
pg/mi '
*ANOVA, H.S: highly significance, p-value<0.05
Table 3 Multiple Comparisons of sHLA-G among study groups by LSD Post Hoc
Dependent Variable (1) group (J) group izl g_lgf)erence Std. Error Sig.
. pregnant women -122.4-" 247 0.001
threatened abortion non-pregnant women 115.9" 24.7 0.001
HLAG level ¢ threatened abortion 122.4" 24.7 0.001
s eve preghant women non-pregnant women 238.3" 24.7 0.001
" threatened abortion -115.9-" 24.7 0.001
non-pregnant women pregnant women -238.3-" 24.7 0.001
p-value< 0.05
Table 4 Genotype frequency among studied groups
threatened abortion patients No.=30 pregr’llaoth:\évg men Non-prt’e\?giggwomen
Genotype F (%) F (%) F (%) OR 95 ClI p-value
AA 6 (20.0) 8(26.7) 5 (16.7) 0.904 0.374-2.183 0.822
rs1736936 GA 11 (36.7) 14 (46.7) 12 (40.0) 0.757 0.364 — 1.575 0.456
GIA GG 13 (43) 8(26.7) 13 (43.3) 1.420 0.680 — 2.966 0.351
H.W p=0.219 p=0.715 p=0.447
AA 8 (26.7) 2(6.7) 12 (40.0) 1.195 0.522 —2.734 0.673
rs1736935 AG 13 (43.3) 18 (60.0) 11 (36.7) 0.817 0.398 - 1.678 0.583
AGIT GG 9 (30.0) 10 (33.3) 7(23.3) 1.084 0.493 - 2.383 0.841
H.W p=0.468 p=0.110 p= 0.178
GA 9 (30.0) 10 (33.3) 13 (43.3) 0.689 0.323—1.472 0.337
rsgzpﬁﬂ GG 21 (70.0) 20 (66.7) 17 (56.7) 1.450 0.679 - 3.098 0.337
H.W p= 0.334 p= 0.273 p= 0.130
AA 18 (60.0) 12 (40.0) 21 (70.0) 1.227 0.594 — 2,534 0.580
rs1736934 AT 10 (33.3) 16 (53.3) 9 (30.0) 0.7000 0.333-1.471 0.346
AT T 2 (6.7) 2(6.7) 0 (0.0) 2.0714 0.365 - 11.762 0.411
H.W p=0.708 p= 0.273 p= 0.334
AA 22 (73.3) 22 (73.3) 27 (90.0) 0.617 0.259 — 1.472 0.277
r517A8/§389 AG 8 (26.7) 8 (26.7) 3 (10.0) 1.620 0.679 — 3.862 0.277
H.W p=0.399 p=0.399 p=0.773
cc 28 (93.3) 26 (86.7) 30 (100.0) 1.000 0.238- 4.198 1.000
r5%5‘/"3° TC 2(6.7) 4(13.3) 0(0.0) 1.000 0.238 1.000
TINCIG p=0.850 p=0.696 p=0.926
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AA 6 (200) 8(26.7) 5(16.7) 0.904 0.374 - 2.183 0.822

rs1632947 GA 11(36.7) 13 (43.3) 12 (40.0) 0.810 0.389 - 1.689 0.575

GIA GG 13 (433) 9 (30.0) 13 (433) 1321 0.635 - 2.748 0.456
H.W p=0.219 p=0.468 p=0.447

cc 13(433) 8(26.7) 13 (433) 1.420 0.680 — 2.966 0.350

rs1632946 CT 11(36.7) 14 (46.7) 12 (40.0) 0.757 0.364 - 1.575 0.456

C/GIT  TT 6 (20.0) 8 (26.7) 5(16.7) 0.899 0.363- 2.224 0.817
H.W p=0.219 p=0.715 p=0.447

cc 14 (46.7) 18 (60.0) 19 (63.3) 0.544 0.263 - 1.125 0.101

cT 7(233) 6 (20.0) 2(6.7) 1.978 0.761 - 5.141 0.161

Pvalce 8(26.7) 4(133) 8(26.7) 1.454 0.620 - 3.413 0.389

GT 1(3.3) 2(6.7) 1(3.3) 0.655 0.105 - 4.069 0.454
H.W p=0.046 p=0.171 p=0.219

GG 6 (200) 8(26.7) 5(16.7) 0.904 0.374 - 2.183 0.822

rs2249863 TG 11 (36.7) 14 (46.7) 12 (40.0) 0.757 0.364 - 1.575 0.456

TES 13 (433) 8(26.7) 13 (433) 1.420 0.680  2.966 0.351
H.W p=0.218 p=0.715 p=0.447

AA 13(433) 8(26.7) 12 (40.0) 1529 0.729 - 3.208 0.261

rs2735022 AG 11(36.7) 13 (43.3) 13 (43.3) 0.757 0.364 - 1.575 0.456

AIGIT GG 6(20.0) 9.(30.0) 5(16.7) 0.821 0.344 - 1.962 0.658
H.W p=0.219 p=0.468 p=0.648

GG 13(433) 8(26.7) 12 (40.0) 1529 0.729 - 3.208 0.261

rs35674502 GT 11(36.7) 14 (46.7) 13 (43.3) 0.708 0.341 - 1.470 0.354

GIT T 6(20.0) 8(26.7) 5 (16.7) 0.904 0.374 - 2.183 0.822
H.W p=0.219 p=0.715 p=0.648

AA 4(133) 7(233) 5(16.7) 0.6154 0.232 -~ 1.634 0.330

rs1632944 GA 13(43.3) 15 (50.0) 12 (40.0) 0.9346 0.455 - 1.921 0.854

GIAIC GG 13 (433) 8(26.7) 13 (43.3) 1.4202 0.680 - 2.966 0.350
H.W p=0.794 p=0.995 p=0.447

H.W; Hardy-Weinberg equilibrium ,OR: odds ratio, 95CI: confidence interval is 95% ,p-value< 0.05

Table 5 Allele frequency among studied groups

threatened abortion patients pregnant women Non-pregnant women

Alleles No.=30 No.=30 No.=30
F (%) F (%) F (%) OR 95Cl  p-value
A i Z Egég 28 g’g; 22 gg?; 1230 0.735-2.060 0.431
NoT. 6 e 26D BEY o oem-im o
rsé%ig}?}ﬂ ,i 591((185%0)) ig g:?; g gf% 1.344 0.683-2.643 0.392
rﬂfﬁm ? ii ggg :8 Eggg :%1(:?)5% 1.047 0578-1.898 0.879
e 2 TED s omren omg
TaGe T s B DE0 000 ozas-aose 1000
rslgsligu i 2; Egég gégég gggggg 1189 0710-1992 0511
rsé?éz,?r% $ Z Egég 28 Egg; ég Eggg 1.189 0.710-1.992 0511
rél,f}?,i“ CC; 493((175i-()7)) 466 ((712)7) 4198((1856%) 1.235 0.591-2582 0574

T 8 (13.3) 8 (13.3) 3(5.0)
oG 665 0 200 BED T 10 Loe-zens om
rS,ZAYIéE;E)rZZ é Z Eg;g ;i E‘S?; g; Eg;g 1316 0.787-2.202 0.295
1 23 @89 0E TED T 1o om0-zim 0ae
e A o) ne BEY 1973 08152012 0.234

OR: odds ratio, 95CI: confidence interval is 95%, p-value< 0.05
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4., Discussion

The human leukocyte antigen system (HLA), which is the largest polymorphic complex in the human genome, plays a key role in
immunological homeostasis by interacting with both immunological stimulating and suppressive receptors found on various immune cells. By
this, more evidence of genetic predisposition and molecular activities of the non-classical HLA class | antigen (HLA-G) in the clinical
importance of autoimmune diseases has indeed been identified. HLA-G expression in tissue was originally discovered on extravillous
cytotrophoblasts, and its immune suppressive properties have since been thoroughly characterized. HLA-G is including very limited genetic
variations, HLA-G1, G2, G3, and G4 membrane isoforms as well as HLA-G5, G6 and G7 soluble isoforms have already been discovered [9].
In this research, we observed that the mean maternal serum sHLA-G levels in women with threatened abortion were lower than those in
healthy pregnant controls, while were higher than healthy non-pregnant controls. Tunisian research concluded that Pregnant women had
higher levels of SHLA-G than non-pregnant women or women who had abortions [10].

It's unknown how a semiallograft fetus' immunological tolerance develops throughout pregnancy. The human leukocyte antigen G is
expressed by extravascular trophoblasts, which is necessary for the maternal immune system's detection of prenatal tissues as self and the
establishment of immunological tolerance to them. The presence of the soluble form of the HLA-G molecule (sSHLA-G) in a mother's serum
has been associated with the prevention of pregnancy rejection [11]. Various studies have suggested that the HLA-G plays an important role
in various stages of reproduction, including the time preceding fertilization. The HLA-G is critical in maintaining a healthy pregnancy.
SHLA-G levels in female serum during pregnancy are 2-5 times greater than those found in non-pregnant women, according to research [12].
SHLA-G in non-pregnant women was Almost similar to the results of the Malian study showed the SHLA-G mean value in the 219 plasma
samples of healthy individuals had been 143 Ul/ml (178.7 pg/ml) [13].

The presence of single nucleotide polymorphisms that affect the HLA-G gene has been linked to fetal mortality in a variety of studies [14].
The result of the rs1736936 G/A snp is consistent with the Iranian study, which found no significant difference in alleles and genotypes
frequency of rs1736936 (P value = 0.323), OR (95 CI percent) = 1.056 (0.844-1.319), and this outcome indicates that the rs1736936 snp does
not predispose to TA in the study population [15].

The influence of the rs1736936 promoter polymorphism of the HLA-G gene on rheumatoid arthritis in the Korean population was examined
by Kim, S. K., et al. They discovered no significant changes in genotype and haplotype distributions between RA patients and control persons
[16]. The genotype and allele frequency of rs1736935 single nucleotide polymorphisms in the HLA-G 5'-upstream regulatory region did not
differ significantly between cases of idiopathic repeated spontaneous abortion and controls in an Indian study (OR = 0,78), (P value = NS).
This Indian study supports our findings on this snp. Non-significant differences were also discovered for the following snps: rs1736936 (OR=
0.78), rs3823321 (OR= 1.88) and rs1736934 (OR=1.23) in the same research [17].

Between the TA patient and control groups, There's no significant difference in the rs1632947 genotype. Whereas in other gynecological
diseases, a Chinese study indicated that the HLA-G rs1632947: GG genotype was attributed to protection against Endometriosis and
Endometriosis severe stages [18].

The rs1233334 SNP results are consistent with the Iranian study, which found that the frequencies of allele C and genotype CC in the
rs1233334 polymorphism differed between the case (recurrent spontaneous abortion) and control groups, although the changes were not
statistically significant. According to Khasevani, L., et al., rs1233334 polymorphisms are linked to recurrent spontaneous abortion in the
examined group and might be used as possible risk factors for the condition. On the other hand, our findings were in agreement with
Khasevani, L., et al. Regarding rs2249863 snp, they found the frequencies of alleles and genotypes in the rs2249863 polymorphism were
significantly different between the case and control groups (P<0.05) [19]. Nowak, I., et al. discovered that the rs1233334 SNP of the HLA-G
gene polymorphisms plays no role in spontaneous miscarriage, with no statistically significant change in allele and genotype frequencies [20].
The SNPs rs1632946, rs2249863, rs2735022, rs35674592, and rs1632944 have been linked to autoimmune Rheumatologic diseases,
according to Rizzo, et al. [21].

Our findings contradict those of another Iranian study, which found that the rs2735022 polymorphism, Which is placed within the HLA-G
promoter, may impact its gene expression. The Human leukocyte antigen G promoter possesses various specificities, and the quantity of
protein generated by HLA-G is altered by many polymorphisms in the HLA-G gene, including rs2735022 snp. Analysis of alleles, as well as
genotypes frequency of rs2735022 amongst RPL with control participants, showed that allele risk (odds ratio=1.897) and genotype risk (odds
ratio=1.932) was significant statistical (P=<0.05) between the two groups, and they exhibited a positive relationship with the recurrent
pregnancy miscarriage [22].

Kim, S.K., et al. investigated the influence of HLA-G gene promoter polymorphisms rs1736936 and rs2735022 on Rheumatoid arthritis in the
Korean population. They discovered no statistically significant changes in genotype and haplotype frequencies among Rheumatoid arthritis
patients and healthy people [16].

5. Conclusion

Low levels of serum sHLA-G in TA patients' sera compared to normal pregnant women, resulting in a feto-maternal immunotolerance defect.
Nevertheless, note that the level of SHLA-G in TA patients’ sera is higher than those of non-pregnant women. Genotype frequencies of HLA-
G gene snps were non-significant differences between TA cases and controls. Allele frequencies of HLA-G gene snps were non-significant
changes between TA patients and controls, except rs2249863 T/C/G, which was a significant difference at the allele level between T allele
and G allele at OR= 1.720 (p-value = 0.038), that means who has T allele more prone to threatened abortion. However, further investigations
with a high number of participants are also recommended.

73



Ahmed H. M. et.al, Journal of Techniques, Vol. 4, No. 2, June 30, 2022

Acknowledgement
All thanks and appreciation to those who helped me or contributed something simple to complete this work.
Reference

[1] Pontius E, Vieth JT. Complications in early pregnancy. Emergency Medicine Clinics. 2019 May 1;37(2):219-37.

[2] Hashimoto A, Sugiura K, Hoshino A. JB Special Issue—Review Impact of exosome-mediated feto-maternal interactions on. J. Biochem.
2021;169(2):163-71.

[3] Mahdi BM, editor. Human leukocyte antigen (Hla). BoD—Books on Demand; 2019 Mar 13.

[4] Madden K, Chabot-Richards D. HLA testing in the molecular diagnostic laboratory. Virchows Archiv. 2019 Feb;474(2):139-47.

[51 Amodio G, Gregori S. HLA-G genotype/expression/disease association studies: success, hurdles, and perspectives. Frontiers in
Immunology. 2020 Jul 8;11:1178.

[6] Persson G, Stehr CS, Klok FS, Lebech M, Hviid TV. Evidence for a shift in placental HLA-G allelic dominance and the HLA-G
isoform profile during a healthy pregnancy and preeclampsia. Biology of Reproduction. 2021 Oct;105(4):846-58.

[7] Jacobsen DP, Lekva T, Moe K, Fjeldstad HE, Johnsen GM, Sugulle M, Staff AC. Pregnancy and postpartum levels of circulating
maternal SHLA-G in preeclampsia. Journal of Reproductive Immunology. 2021 Feb 1;143:103249.

[8] Ferreira LM, Meissner TB, Tilburgs T, Strominger JL. HLA-G: at the interface of maternal—fetal tolerance. Trends in immunology. 2017
Apr 1;38(4):272-86.

[9] Xu HH, Lin A, Yan WH. HLA-G-mediated immunological tolerance and autoimmunity. InTranslational Autoimmunity 2022 Jan 1 (pp.
265-295). Academic Press.

[10] Zidi I, Rizzo R, Bouaziz A, Laaribi AB, Zidi N, Di Luca D, Tlili H, Bortolotti D. sHLA-G1 and HLA-G5 levels are decreased in
Tunisian women with multiple abortions. Human Immunology. 2016 Apr 1;77(4):342-5.

[11] Keskin F, Karatas A, Albayrak M, Biyik I, Erkan M, Demirin H, Dilbaz S. Maternal serum soluble HLA-G levels in missed abortions.
Medicina. 2013 Oct;49(10):68.

[12] Mosaferi E, Gharamaleki NA, Farzadi L, Majidi J, Babaloo Z. The study of HLA-G gene and protein expression in patients with
recurrent miscarriage. Advanced Pharmaceutical Bulletin. 2019 Feb;9(1):70.

[13] Carlini F, Traore K, Cherouat N, Roubertoux P, Buhler S, Cortey M, Simon S, Doumbo O, Chiaroni J, Picard C, Di Cristofaro J. HLA-G
UTR haplotype conservation in the Malian population: association with soluble HLA-G. PloS one. 2013 Dec 23;8(12):e82517.

[14] Kuroshli Z, Gourabi H, Bazrgar M, Sanati MH, Esteki MZ. The relationship between HLA-G gene polymorphisms and repeated
implantation failure in infertile couples undergoing assisted reproductive technique. Iranian Journal of Allergy, Asthma, and
Immunology. 2015 Oct 20:535-42.

[15] Arjmand F, Ghasemi N, Mirghanizadeh SA, Samadi M. The balance of the immune system between HLA-G and NK cells in
unexplained recurrent spontaneous abortion and polymorphisms analysis. Immunologic research. 2016 Jun;64(3):785-90.

[16] Kim SK, Chung JH, Kim DH, Yun DH, Hong SJ, Lee KH. Lack of association between promoter polymorphisms of HLA-G gene and
rheumatoid arthritis in the Korean population. Rheumatology international. 2012 Feb;32(2):509-12.

[17] Agrawal D, Prakash S, Misra MK, Phadke SR, Agrawal S. Implication of HLA-G 5’ upstream regulatory region polymorphisms in
idiopathic recurrent spontaneous abortions. Reproductive BioMedicine Online. 2015 Jan 1;30(1):82-91.

[18] Hu B, Jin X, Xu GT. Genetic variants associated with endometriosis patients: a systematic review. Prec Med Res. 2021;3(1):2.

[19] Khasevani L, KHALAJ KM, Ebrahimi BB. Association of rs2249863 and rs1233334 polymorphisms of the upstream region of HLA-G
gene with recurrent spontaneous abortion in women from Northwest of Iran during 2018-2019.

[20] Nowak I, Malinowski A, Barcz E, Wilczynski JR, Wagner M, Majorczyk E, Motak-Pochrzest H, Banasik M, Kus$nierczyk P. Possible
role of HLA-G, LILRB1 and KIR2DL4 gene polymorphisms in spontaneous miscarriage. Archivum immunologiae et therapiae
experimentalis. 2016 Dec;64(6):505-14.

[21] Rizzo R, Bortolotti D, Bolzani S, Fainardi E. HLA-G molecules in autoimmune diseases and infections. Frontiers in immunology. 2014
Nov 18;5:592.

[22] Najafi Z, Khalaj-Kondori M, Hosseinpour Feizi MA, Abbasaliizadeh S. Haplotype Effect of Two Human Leukocyte Antigen-G
Polymorphisms of rs1736933 and rs2735022 on the Recurrent Pregnancy Loss. Journal of Inflammatory Diseases. 2021 Jan
10;24(5):398-409.

74



