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Abstract

Purpose The human leucocyte antigen-G (HLA-G) 14-bp
insertion/deletion polymorphism was implicated in recurrent
implantation failure (RIF), but individual published studies
showed inconclusive results. Thus, a meta-analysis was per-
formed to clarify the effect of HLA-G 14-bp polymorphism on
RIF risk.

Methods A comprehensive search for relevant articles was
conducted. The odds ratios (ORs) and 95% confidence inter-
vals (Cls) for HLA-G 14-bp polymorphism and RIF were
calculated.

Results A total of five studies were included. In studies con-
ducted in RIF patients and controls who had at least one spon-
taneous pregnancy, meta-analysis revealed no statistically sig-
nificant association between the HLA-G 14-bp polymorphism
and RIF in allele contrast and all genetic models in the overall
population, but significant association was found in the pop-
ulation of Caucasian origin under allele contrast (OR = 1.73,
95% CI, 1.20, 2.50) and genetic models of +14 bp/+14 bp vs.
—14 bp/~14 bp (OR = 3.09, 95% CI, 1.43, 6.65). In studies
conducted in RIF patients and controls who had successful
pregnancy following IVF-ET, the meta-analysis showed that
there was statistically significant association between the
HLA-G 14 bp polymorphism and RIF in allele contrast
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(OR = 1.74, 95% CI, 1.13, 2.67) and genetic models of
+14 bp/+14 bp vs. —14 bp/~14 bp (OR = 10.20, 95% CI,
2.47,42.14) and dominant model (OR = 4.34, 95% CI, 1.72,
10.92). No publication bias was found in the present studies.
Conclusions This meta-analysis suggested that the HLA-G
14-bp insertion allele may increase the risk of RIF in
Caucasians. Further studies with large sample size of different
ethnic populations are necessary.
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Introduction

Recurrent implantation failure (RIF) was one of the most com-
mon causes of unsuccessful pregnancy in women receiving
in vitro fertilization and embryo transfer IVF-ET). Although
there was no consensus on the definition of RIF, implantation
failure following two or more embryo transfer cycles of high-
grade embryos was most widely accepted. The exact preva-
lence rate of RIF was difficult to determine because of the
varied definitions used to describe the disease. Etiology of
RIF is complex, and in some women, the pathogeny of RIF
is often not clear. Numerous factors influenced successful im-
plantation in IVF-ET, including female factors (uterine anato-
my, endometrium, and thrombophilia) and embryonic factors
(genetics, sperm contribution, and immunologic factors) [1].
The couples with RIF may benefit from many treatments in-
cluding immunological tests and therapy, intratubal transfer of
zygotes and embryos, blastocyst transfer, sequential embryo
transfer of cleavage stage embryos and blastocysts, assisted
hatching, co-cultures, and pre-implantation genetic screening
for aneuploidy screening [2]. Recently, several lines of
genetic-association studies have revealed associations be-
tween the RIF risk and certain genetic polymorphisms,
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including tumor protein P53, cyclooxygenase-2 (COX-2),
methylenetetrahydrofolate reductase (MTHFR), thymidylate
synthase (TS), nuclear factor kappa B (NF-«B), plasminogen
activator inhibitor-1, vascular endothelial growth factor, and
leukocyte antigen-G [3-9]. Among these candidate RIF-
susceptibility genes, the human leucocyte antigen-G (HLA-
G) gene was one of the most extensively explored.

The HLA-G gene located on chromosome 6p21.3 was
composed of eight exons and seven introns [10]. HLA-G
proteins included four membrane-bound (HLA-G1, G2,
G3, and G4) and three soluble (HLA-G5, G6, and G7)
forms, which was detected only in trophoblast, thymus,
cornea, nail matrix, pancreas, and erythroid and endothe-
lial precursors [11]. HLA-G had a lower level of polymor-
phism than other HLA class molecules 1. The extensively
studied polymorphism in the non-coding region was a 14-
bp insertion/deletion in exon 8, which had a role on HLA-
G alternative splicing and HLA-G messenger RNA
(mRNA) stability [12]. Compared with the genotypes of
+14 bp/—14 bp and —14 bp/—14 bp, the homozygous ge-
notype (+14 bp/+14 bp) was associated with lower mRNA
and soluble HLA-G levels [12, 13]. Therefore, it seemed
that HLA-G 14-bp polymorphism may play a momentous
role in the modulation of HLA-G expression, and women
with RIF may have a higher frequency of individuals with
the 14-bp insertion. A number of epidemiological studies
investigated the association between the HLA-G 14-bp
polymorphism and susceptibility to RIF [14-16].
However, these studies yielded apparently inconclusive
results, which might be due to differences in the studied
populations and limited sample sizes. Therefore, we con-
ducted a systematic review and meta-analysis of the re-
sults of previously published studies to clarify this incon-
sistency and to establish the relationship between the
HLA-G 14-bp polymorphism and susceptibility to RIF.

Materials and methods
Literature search strategy

Electronic searches were conducted by two authors inde-
pendently in the following databases: PubMed, EMBASE,
and CNKI (China National Knowledge Infrastructure) for
all eligible articles on the association between the HLA-G
14-bp polymorphism and RIF risk (up to March 12,
2017). The following keywords were used: (“human leu-
kocyte antigen g” or “HLA-G”) and (“polymorphism” or
“genotype” or “genetic” or “mutation” or “variant”) and
(“recurrent implantation failure” or “repeated implantation
failure” or “RIF” or “implantation failure” or “in vitro
fertilization or intracytoplasmic sperm injection” or
“IVF” or “ICSI” or “assisted reproductive techniques”
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or “ART”). The language of the studies was not restricted.
Reference lists of identified studies and related reviews
were reviewed to identify additional studies that may be
not indexed by the electronic searches.

Inclusion and exclusion criteria

Studies included in the meta-analysis had to meet all of the
following criteria: (1) case—control studies, (2) studies that
evaluated the association of the HLA-G 14-bp polymorphism
with RIF, and (3) studies with sufficient data for calculating
odds ratios (ORs) and the 95% confidence intervals (CI). The
exclusion criteria were (1) studies in which the genotype or
allele frequency could not be calculated; (2) studies that were
review articles, letters, case reports, abstracts, and editorials;
and (3) studies that were family-based studies.

Data extraction

Based on the inclusion criteria, the following information was
extracted from eligible included studies by two authors inde-
pendently: the first author’s name, year of publication, coun-
try, ethnicity, sample size, inclusion criteria of cases and con-
trols, distribution of genotypes, and Hardy—Weinberg equilib-
rium (HWE) in controls. P < 0.05 was considered to be a
significant deviation from the HWE. Disagreements were
discussed and resolved with consensus.

Statistical analysis

We accessed the association between the HLA-G 14-bp poly-
morphism and RIF risk by using different comparison models,
including an allelic model, a codominant model, a dominant
model, and a recessive model. ORs and the corresponding
95% Cls were used to measure the strength of the models.
The heterogeneity between studies was evaluated by a chi-
square-based O test [17] and /> statistic [18]. The O test
(P < 0.1) was interpreted as significant heterogeneity among
the studies; then, the random-effects model was used; other-
wise, the fixed-effects model was applied. /> statistic was cal-
culated to quantify the heterogeneity: I> < 25%, I* = 25-50%,
P= 50-75%, and P> 75%, indicated no, moderate, large, and
extreme heterogeneity, respectively [18]. Subgroup analysis
was performed by ethnicity, HWE in controls (yes or not).
The Begg rank correlation test and Egger weighted regres-
sion test were conducted to assess the potential publica-
tion bias (P < 0.05 was considered statistically signifi-
cant). All statistical analyses were performed using
STATA® software version 10.0 (StataCorp LP, College
Station, TX, USA).
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Results
Studies included in the meta-analysis

In this study, we retrieved a total of 193 articles after a search
of PubMed, EMBASE, and CNKI databases, of which 24
were selected for full-text review based on their titles and
abstracts. After the full-text evaluation, according to the
inclusion/exclusion criteria, five publications were ultimately
selected into analysis [14—16, 19, 20].

As shown in Table 1, the meta-analysis considered four
studies for the HLA-G 14-bp polymorphism and RIF risk,
with 137 RIF patients and 246 controls who had at least one
spontaneous pregnancy [14, 15, 19, 20]; three studies for the
HLA-G 14-bp polymorphism and RIF risk with 78 RIF pa-
tients and 102 controls who had successful pregnancy follow-
ing IVF-ET [15, 16, 20]. Of the five studies, four studies were
conducted in Caucasians and one in a mixed-race population
[14]. In two of the five included studies, the criteria for the
inclusion of RIF patients were at least two unsuccessful em-
bryo transfers [14, 16]; in the other included studies, the
criteria for the inclusion of RIF patients were at least three
unsuccessful embryo transfers [15, 19, 20]. The distribution
of genotypes among controls was consistent with HWE in all
studies.

The HLA-G 14-bp polymorphism and RIF susceptibility

A summary of findings on the association between the HLA-
G 14-bp polymorphism and RIF risk in studies conducted in
RIF patients and controls who had at least one spontaneous
pregnancy is shown in Table 2. In the overall population,
meta-analysis revealed no statistically significant association
between the HLA-G 14-bp polymorphism and RIF in allele
contrast and all genetic models (+14 bp vs. —14 bp: OR=1.11,
95% CI, 0.46,2.67, I* = 86.1%, Pheterogeneity < 0.001; +14 bp/+
14 bp vs. =14 bp/—14 bp: OR = 1.11, 95% CI, 0.15, 8.14,
P = 85.5%, Pheterogencity < 0.001; +14 bp/~14 bp vs. =14 bp/
—14 bp: OR = 1.39, 95% CI, 0.38, 5.02, I* = 76.2%,
Preterogencity = 0.01; dominant model: OR = 1.34, 95% CI,
0.35,5.11, > = 80.4%, Preterogeneity < 0.001; recessive model:
OR = 0.88, 95% CI, 0.22, 3.55, I” = 81.1%,
Preterogencity < 0.001). In the subgroup analysis by ethnicity,
significant association between the HLA-G 14-bp polymor-
phism and RIF risk was found in the population of Caucasian
origin under allele contrast and genetic model of +14 bp/+
14 bp vs. —14 bp/—14 bp (+14 bp vs. —14 bp: OR = 1.73,
95% CI, 1.20, 2.50, F* = 0%, Preterogencity = 0.71; +14 bp/+
14 bp vs. —14 bp/—14 bp: OR = 3.09, 95% CI, 1.43, 6.65,
P = 0%, Preterogeneity = 0.70) (Table 2). The distribution of
genotypes among controls was consistent with HWE in all
studies; thus, we did not perform the subgroup analysis by
HWE in controls.

In studies conducted in RIF patients and controls who had
successful pregnancy following IVF-ET, the meta-analysis
showed that there was statistically significant association be-
tween the HLA-G 14-bp polymorphism and RIF risk in allele
contrast and genetic model of +14 bp/+14 bp vs. —14 bp/
—14 bp and dominant model (+14 bp vs. —14 bp: OR = 1.74,
95% CI, 1.13, 2.67, I* = 0%, Pheterogencity = 0.56; +14 bp/+
14 bp vs. =14 bp/~14 bp: OR = 10.20, 95% CI, 2.47, 42.14,
P = 0%, Pheterogencity = 0.97; dominant model: OR = 4.34,
95% CI, 1.72, 10.92, I* = 52.1%, Pheterogencity = 0.12)
(Table 3). All the studies included in the meta-analysis were
conducted in Caucasians, and the distribution of genotypes
among controls was consistent with HWE in all studies, so
we did not perform the subgroup analysis by ethnicity and
HWE in controls.

Heterogeneity analysis

There was moderate or large heterogeneity among studies in
most overall comparisons. To explore sources of heterogene-
ity across studies, subgroup analyses by ethnicity and HWE in
controls were conducted.

For the studies conducted in RIF patients and controls who
had at least one spontaneous pregnancy, there was extreme
heterogeneity among studies in all comparisons (Table 2).
To explore sources of heterogeneity across studies, subgroup
analyses by ethnicity and HWE in controls were conducted.
There was no heterogeneity in the studies of Caucasians in
allele contrast and genetic models of +14 bp/+14 bp vs.
—14 bp/—14 bp and recessive model (Table 2). Since the dis-
tribution of genotypes among controls was consistent with
HWE in all studies, HWE in controls could not explain the
heterogeneity.

For the studies conducted in RIF patients and controls who
had successful pregnancy following IVF-ET, although there
was no heterogeneity among studies in allele contrast and
genetic model of +14 bp/+14 bp vs. —14 bp/—14 bp, there
was still large heterogeneity among studies in other genetic
models (Table 3). All the studies included in the meta-analysis
were conducted in Caucasians, and the distribution of geno-
types among controls was consistent with HWE in all studies;
thus, we cannot perform the subgroup analyses by ethnicity
and HWE in controls to explore sources of heterogeneity
across studies.

Publication bias

Begg’s test and Egger’s test were performed to assess the
publication bias of the literatures (Tables 2, 3), which showed
that there was no strong evidence of publication bias for stud-
ies published on the association of the HLA-G 14-bp poly-
morphism and RIF patients.
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Table 2 Meta-analysis of the

association between the HLA-G Comparisons No. of Subgroup  OR (95% CI) Test of Publication bias
14-bp polymorphism and RIF risk studies heterogeneity
in studies conducted in RIF
patients and controls who had at P P Begg’s  Egger’s
least one spontaneous pregnancy value (%) test test
+14 bp vs. =14 bp 4 All 1.11 (0.46,2.67) <0.001 86.1 1.00 0.90
3 Caucasian 1.73(1.20,2.50) 0.71 0
+14 bp/+14 bp vs. 4 All 1.11 (0.15,8.14) <0.001 85.5 0.73 0.49
—14 bp/~14 bp 3 Caucasian  3.09(1.43,6.65)  0.70 0
+14 bp/—14 bp vs. 4 All 1.39 (0.38, 5.02) 0.01 76.2  1.00 0.86
—14 bp/~14 bp 3 Caucasian 220 (0.59,8.19)  0.03  70.4
Dominant model 4 All 1.34 (0.35,5.11) <0.001 80.4 1.00 0.81
3 Caucasian ~ 2.36 (0.83, 6.69) 0.09 59.3
Recessive model 4 All 0.88 (0.22,3.55) <0.001 81.1 0.73 0.43
3 Caucasian ~ 1.68 (0.90, 3.16) 0.53 0

Discussion

In recent years, interest in genetic factors that was implicated
in the pathogenesis of RIF has spurred a great number of
association studies on polymorphisms of different genes
[21-23]. To date, epidemiological studies have indicated that
the HLA-G 14-bp polymorphism may play an important role
in the risk of RIF, but the results were inconclusive. Thus, the
meta-analysis was undertaken to assess whether the HLA-G
14-bp polymorphism was associated with RIF risk. To the best
of our knowledge, this is the first meta-analysis of the rela-
tionship between the HLA-G 14-bp polymorphism and the
risk of RIF.

In this meta-analysis, we addressed the association between
the HLA-G 14-bp polymorphism and RIF susceptibility in
Caucasian population in allele contrast and genetic model of
+14 bp/+14 bp vs. —14 bp/—14 bp with no heterogeneity, no
matter the controls had at least one spontaneous pregnancy or
had successful pregnancy following IVF-ET.

Fetus was considered as a semi-allograft for maternal im-
mune system. There were particular mechanisms that modu-
lated the maternal immune system during pregnancy,
protecting the semi-allogeneic fetus from maternal graft

rejection responses. HLA-G was believed to take part in the
immunosuppression in the process of embryo implantation
and embryo development. It was suggested that lower concen-
trations of HLA-G increased allocytotoxic T lymphocyte re-
sponses and resulted in a Thl-type cytokine profile, whereas
high concentrations of HLA-G suppressed the allocytotoxic T
lymphocyte response and induced a Th2-type cytokine re-
sponse [24]. Several treatment modalities with Th1/Th2 ele-
vation have been previously reported to be effective in women
with RIF [25-27]. Moreover, it was showed that low levels of
soluble HLA-G (sHLA-G) in maternal blood were associated
with a risk of spontaneous abortion during the first trimester in
IVF patients [28], and there was a statistically significant as-
sociation between sHLA-G positive pre-implantation blasto-
cysts and pregnancy success in IVF [29, 30]. The HLA-G 14-
bp ins phenotype was expressed at a significantly lower level
HLA-G mRNA and soluble HLA-G than the HLA-G 14-bp
del phenotype [12, 13, 31], possibly providing an explanation
for the increased frequency of 14-bp insertion in women with
RIF. In aggregate, these findings supported the idea that the
14-bp insertion allele was associated with an increased risk of
RIF in IVF. We speculated that HLA-G 14-bp insertion may
be associated with reduced soluble HLA-G expression, which

Table3  Meta-analysis of the association between the HLA-G 14-bp polymorphism and RIF risk in studies conducted in RIF patients and controls who

had successful pregnancy following IVF-ET

Comparisons No. of studies OR (95% CI) Test of heterogeneity Publication bias

P value P (%) Begg’s test Egger’s test
+14 bp vs. —14 bp 3 1.74 (1.13,2.67) 0.56 0 1.00 0.68
+14 bp/+14 bp vs. —14 bp/—14 bp 3 10.20 (2.47, 42.14) 0.97 0 1.00 0.31
+14 bp/—14 bp vs. —14 bp/—14 bp 3 3.57 (0.50, 25.71) 0.05 67.7 1.00 0.55
Dominant model 3 4.34 (1.72, 10.92) 0.12 52.1 0.30 0.49
Recessive model 3 1.55(0.73, 3.29) 0.12 53.3 0.30 0.38
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leaded to immune system intolerance against embryo and
thereby promoted development of RIF.

Nevertheless, this meta-analysis also had some limitations.
First, there were only few articles included in the present meta-
analysis, so the sample size was relatively small and may not
provide sufficient statistical power. Moreover, the included stud-
ies were carried out mainly in Caucasians, and ethnic differences
may reflect different linkages to the polymorphism determining
the RIF risk. In Caucasian populations, the frequencies of +14 bp
and —14 bp are nearly equal; however, in African populations,
the allele with the deleted 14-bp sequence may dominate [32].
Therefore, more studies with larger sample size are warranted to
validate these findings, especially in different ethnic populations.
Second, haplotype analysis could provide additional information,
and would have been more powerful than single polymorphism
analysis. It was suggested that the HLA-G*01:01:02a and HLA-
G*01:01:02b alleles and the 14-bp ins polymorphism was sig-
nificantly presented in women with failure implantation after [IVF
treatment [33]. However, in our meta-analysis, the haplotype
analysis was not performed because of inadequate data. Third,
we only included published studies in the meta-analysis, and thus
the possibility of publication bias may not be excluded, although
the results of Begg’s test and Egger’s test showed that publication
bias is unlikely. Fourth, we did not further assess the potential
gene—gene interactions and gene—environment interactions, due
to the lack of sufficient information from the included studies.
Fifth, the HLA-G 14-bp ins/del genotype of the men may be the
risk factor of RIF. It was suggested that the concentration of
sHLA-G in seminal plasma samples was significantly associated
with the HLA-G 14-bp ins/del genotype of the men, and seminal
sHLA-G may be an immunomodulatory factor before and at the
time of conception [34]. Unfortunately, we cannot evaluate the
association between the HLA-G 14-bp polymorphism of the
men and RIF due to the lack of sufficient information from the
included studies.

In conclusion, this meta-analysis suggested that the HLA-
G 14-bp insertion allele may increase the risk of RIF in
Caucasians. Further studies with large sample size of different
ethnic populations are necessary. In addition, other probable
genetic risk factors interacting with the HLA-G 14-bp poly-
morphism should be investigated.
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