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Abs‌tract 
Human leukocyte antigen G (HLA-G) levels are among the biomarkers suggested for pre-eclampsia (PE). This study 
is aimed at determining the possible relationship between low soluble HLA-G (sHLA-G) levels in maternal blood at 
the beginning of pregnancy and subsequent PE. We searched the international scientific databases of Web of Science, 
Embase, PubMed, Cochrane, and Scopus. We extracted the studies investigating the relationship between the serum 
levels of HLA-G in the first trimester of pregnancy and the onset of PE using the appropriate keywords. The collected 
data were analyzed using the random-effects meta-analysis model and STATA (version 14). A total of 5 studies met 
the eligibility criteria, and the total sample size was 668 subjects. The mean and SD age of case subjects was 31.41 ± 
4.16 years, while it was 30.56 ± 3.5 for control subjects. According to the findings, there was an inverse relationship 
between HLA-G serum level in the first trimester of pregnancy and the subsequent onset of PE, standard mean dif-
ference (SMD)=-1.51 [95% confidence interval (CI): -2.26, -0.75, I2=90.8%, P=0.000]. Based on these results, low 
sHLA-G level in early pregnancy has a positive correlation with subsequent PE, and the significant role of sHLA-G 
in the early stages of placentation can be proven. 
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Introduction 
Pre-eclampsia (PE) is regarded as one of the most 

common disorders of pregnancy, which is usually 
manifested by the onset of hypertension along with 
proteinuria after the 20th week of pregnancy (1). 
Previous epidemiological data showed that about 3-5% 
of pregnancies worldwide are pregnancies are affected 
by PE (2). This condition not only leads to morbidity 
and mortality in some pregnant women but also causes 
fetus health issues such as growth restriction and preterm 
birth (3, 4). 

The main feature of PE is defected placentation. The 
reduced ability of trophoblasts to invade the placental 
spiral arteries, as well as incomplete endothelial remolding 

of these arteries are considered the main mechanisms 
leading to the onset of PE (5). Despite the above-
mentioned, clear-cut information cannot be provided on 
the exact pathogenesis of PE since various factors play 
a role in this regard (6). Risk factors including a genetic 
background of hypertension, maternal age, diabetes, 
cardiovascular conditions, and obesity have been listed to 
be associated with PE (7-9). In the case of the immune 
system, inflammatory conditions have been demonstrated 
to play a critical role in PE pathogenesis (10, 11). In 
this regard, through a review of the conducted studies, 
increased levels of inflammatory cytokines and declined 
levels of regulatory and anti-inflammatory cytokines have 
been found to play a role (12-15). Moreover, decreased 
frequency of immune cells with regulatory properties and 
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increased number of immune cells with inflammatory 
properties during all stages of pregnancy have been 
focused on as the main features of PE (16). Uncontrolled 
immune activation and pro-inflammatory condition during 
the early weeks of gestation and in the first trimester of 
pregnancy are associated with the onset of PE after the 
20th week of pregnancy (17). Several efforts have been 
done to find inflammatory biomarkers in early gestation 
to predict PE (18).

Many factors are involved in the immune system 
regulation at the feto-maternal interface, among which 
human leukocyte antigen G (HLA-G) is believed to be 
a critical factor that prevents fetus immune rejection and 
provide fetal growth and appropriate placentation. During 
a normal pregnancy, extravillous trophoblasts express 
an abundant amount of HLA-G (19). Interestingly, 
upregulated expression of HLA-G in trophoblasts is 
simultaneous with the invasive ability (20). HLA-G has 
several isoforms, which are different in subunits and 
the existance of soluble forms. HLA-G1 and HLA-G5 
are the most frequent soluble ones and consist of four 
subunits (21). During pregnancy, HLA-G1 regulates the 
proliferation and activation of T cells and NK cells to 
support feto-maternal immune tolerance (22). HLA-G5 
has been shown to regulate and control the production 
of cytokines by alloantigen-activated T cells (23). In 
the case of patients with PE, studies have shown that 
placental trophoblasts are defective in upregulating 
HLA-G expression and the serum level of soluble 
HLA-G is significantly lower than in patients without PE 
(24, 25). However, most studies in this regard have been 
done in cases with PE in their second or third trimester 
of pregnancy (26, 27). To determine the possible role of 
HLA-G in the onset of PE it is necessary to investigate the 
expression of this molecule during the first few weeks of 
pregnancy and the placentation process.

The role of HLA-G and its potential use as a biomarker to 
predict the onset of PE is currently unclear. Therefore, the 
current study aimed to review and analyze the published 
data available on the association of serum HLA-G during 
the first trimester of pregnancy and the onset of PE. 

Materials and Methods
We conducted this systematic evidence review according 

to best practices and report our findings according to the 
preferred reporting items for systematic reviews and 
meta-analyses (PRISMA) checklist (28).

Search strategies   
A comprehensive search was performed to extract the 

published studies on the relationship between the sHLA-G 
serum level in the first trimester of pregnancy and the onset 
of PE. The keywords used included “pregnancy”, “human 
leukocyte antigen G”, “HLA-G”, “preeclampsia”, “first 
trimester”, “onset of preeclampsia”, “PE", “frequency, 
and “genotype. Different combinations of these keywords 
and Boolean operators (“OR” and “AND”) were used 

for searching international databases, including ISI, 
PubMed, Embase, and Scopus. Google Scholar was also 
searched to find the studies not included in the mentioned 
databases (Table 1). Also, the references of the extracted 
studies were checked to find potentially relevant studies.  
All records were then imported into the endnote and 
duplicated records were deleted.

Table 1: Search strategy used in each database in this review

Electronic 
database

Search terms (including truncations)

ISI “Pregnancy" OR “First Trimester”
 AND "Genotype"
AND “Human leukocyte antigen G” OR “HLA-G”
AND “Onset of Preeclampsia” OR “PE" 

PubMed “Preeclampsia”OR “PE" 
AND 
" Pregnancy" OR“First Trimester”
AND “Human leukocyte antigen G” OR “HLA-G”

Scopus “Human leukocyte antigen G” OR “HLA-G”
AND "Genotype"
AND “Preeclampsia”OR “PE
AND “First Trimester of pregnancy”

Embase “First Trimester of pregnancy”
AND
“Human leukocyte antigen G” OR “HLA-G”
AND 
“Onset of Preeclampsia” OR “Preeclampsia "

Study selection
After deleting the duplicated studies, the titles and 

abstracts of the remaining were checked to find the 
eligible studies based on the following inclusion and 
exclusion criteria:

Inclusion criteria were the original case-control 
studies on the relationship between the sHLA-G serum 
level in the first trimester of pregnancy and the onset 
of PE with extractable intended data and available full 
texts. Exclusion criteria included review articles, meta-
analyses, congress abstracts, studies in languages other 
than English, and retracted papers.

Using studies eligible based on the above criteria were 
selected by two of the authors independently while they 
were rechecked and confirmed by all authors.

Data extraction 
Data from the selected studies were extracted by 

two different authors. Data such as the related data, 
including authors’ names, location, publication date, 
age and the number of case and control participants, 
gestational age, and sHLA-G serum level (ng/ml) were 
extracted by two of the authors. Data were reviewed for 
potential mistakes by other authors and then confirmed 
by all authors. 
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Table 2: Risk of bias in individual studies

First author’s name Type of study
Selection Comparability Outcome Total

1 2 3 4 1 1 2 3
Yie et al. (29) Case-control * * * * * 5
Biyik et al. (30) Case-control * ** * ** 6
Beneventi et al. (31) Case-control * * * * * * * * 8
Marozio et al. (32) Case-control * * * ** 5
He et al. (33) Case-control * * * * ** 6

HLA-G Serum and The Onset of Preeclampsia

Risk of bias in individual studies (Quality assessment)
The Newcastle-Ottawa scale (NOS) for cross-sectional 

and case-control studies was used to assess the risk of bias 
in individual studies (18) with 9 points for case-control 
studies and 8 points for cross-sectional studies indicating 
high quality and low risk of bias: 1-3, 4-6, and 7-9, were 
categorized as of low, intermediate, and high quality, 
respectively for case-control studies and 1-3, 4-5, and 6-8 
were categorized as low, intermediate, and high quality, 
respectively for cross-sectional studies (Table 2).

Risk of bias across studies
Publication bias was evaluated by Begg’s Funnel 

plots and Egger test. P<0.05 were considered valid for 
heterogeneity.

Data synthesis and analysis
Variables such as the sample size, mean, and standard 

deviation of expected data were grouped. Each study’s 
weight was assigned based on its inverse variance. The Q 
test and I2 index were done at an α-level error of lower than 
10% significance to assess test heterogeneity within the 
included studies. To analyze our collected heterogeneous 
data, the random effect model was utilized. Moreover, 
Stata Version 14.2 was used to analyze all of the data 
statistically.

Results
The present meta-analysis included five original studies 

published on the relationship between sHLA-G serum 
level in the first trimester of pregnancy and the onset of 
PE (Table 3). The study selection process is shown in 
Figure 1. The total sample size was 668 (155 case subjects 
and 513 control subjects), with mean ages of 31.41 ± 4.16 
and 30.56 ± 3.5 years for the case and control subjects, 
respectively. The overall estimate of the standard mean 
difference between groups using the random-effects 
model was -1.51 [95% confidence interval (CI): -2.26, 
-0.75, I2=90.8%, P=0.000] (Fig.2). Accordingly, it can 
be concluded that a significant relationship was found 
between HLA-G serum level in the first trimester of 
pregnancy and the onset of PE in pregnant women, and 
the risk of developing PE later in pregnancy was increased 
by low sHLA-G serum levels. Based on Figure 3, no 
evidence of publication bias was found employing Begg’s 
funnel plots and Egger test.
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Fig.1: Prisma flow diagram illustrating the selection of articles.

 

NOTE: Weights are from random effects analysis
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Fig.2: Forest plots for case-control studies of the relationship 
between the variables of HLA-G serum level in the first trimester 
of pregnancy and onset of PE in the investigated studies with 95% 
confidence interval (based on random model). PE; Preeclampsia, 
HLA-G; Human leukocyte antigen G, SMD; Standard mean difference, 
and CI; Confidence interval.
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Table 3: Characterizations of articles reviewed in the present study

First Author 
(reference)

Publication year Sample size Mean age ± SD Gestational age ± SD sHLA-G serum level 
(ng/ml) ± SD

Case Control Case Control Case Control Case Control

Yie et al. (29) 2005 12 12 28 ± 5 29.8 ± 2.2 8.2 ± 6.6 7.8 ± 0.5 125 ± 16.87 195 ± 13.4
Biyik et al. (30) 2014 19 154 28.7 ± 6.64 27.24 ± 6.21 12.48 ± 0.7 12.3 ± 0.8 23.89 ± 12.82 36.91 ± 30.72
Beneventi et al. (31) 2017 17 42 34.26 ± 1.76 36.2 ± 1.3 22.32 ± 5.2 47 ± 11.3
Marozio et al. (32) 2017 65 234 31.7 ± 4.8 31.7 ± 4.9 96.86 ± 14.42 105.4 ± 10.03
He et al. (33) 2015 42 71 32.03 ± 2 .63 30.8 ± 2.9 2.52 ± 2.38 5.26 ± 3.53
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Fig.3: Begg’s funnel plot for publication bias diagram in the investigated 
studies, the circles show the weight of the studies. SMD; Standard mean 
difference.

Discussion
Based on our findings, it seems that a clinical index 

determination for severe PE prediction especially in 
the first trimester is crucial, since its development has a 
negative effect on the prognosis of the mother and her 
baby. Therefore, the present meta-analysis was performed 
to investigate the controversial results on the potential 
relationship between serum levels of sHLA-G in the first 
trimester of pregnancy, and the onset of PE in pregnant 
women. To our knowledge, this is the first meta-analysis 
investigating this potential relationship. Our results suggest 
a significant relationship between sHLA-G serum level in 
the first trimester of pregnancy and the onset of PE.

Through our literature review, some studies were found 
to address the relationship between HLA-G and gestational 
time, including those in the current meta-analysis. For 
instance, Alegre et al. (34) and Yie et al. (29), have conducted 
studies in which a comparison is made between pregnant 
and non-pregnant women in terms of plasma sHLA-G 
levels. Based on their results, in the case of pregnant 
women, sHLA-G levels were detectable, while it was not 
the case for non-pregnant women. Another study, it was 
found by Klitkou et al. (35) that sHLA-G levels they were 
lower in fetal blood in comparison to the maternal blood, 
which shows the role of the placenta as a barrier. Besides, 
they observed that throughout the 20 weeks of gestation, 
sHLA-G levels were lower in maternal blood compared 

to fetal blood. Interestingly, a recently conducted study 
showed the possible association of sHLA-G with PE (36), 
while another recent study reported that sHLA-G levels 
did not predict complicated pregnancies (including PE). 
However, it should be noted that the latter study addressed 
various types of complicated pregnancies, and the selected 
sample size was found to be relatively small (30).

Through the study conducted by Yie et al. (29), the 
following results were obtained: a decrease occurred in the 
serum and placental HLA-G levels during PE in comparison 
to normal pregnancy, and a significant association was 
found between serum and placental levels of HLA-G. The 
results indicate that in maternal plasma, the trophoblast is 
the main source of sHLA-G. In a report by Steinborn et al. 
(37), it was revealed that lower sHLA-G levels are shown 
in women with placental abruption in comparison to the 
ones in normal pregnancy at the same gestational age.

It has also been found that below 43.5 IU/mL sHLA-G 
levels at the end of the first trimester lead to an increase in 
developing placenta-mediated complications, particularly 
severe PE. This usually happens through the later course 
of pregnancy which is reported to be related to abnormal 
placentation and placental abruption (32). Recent studies 
regarding the HLA-G and its association with PE have also 
highlighted the role of HLA-G in PE. A study published in 
2020 suggested that placental down-regulation of HLA-G and 
its receptors contribute to the onset of PE through disturbance 
in interferon immune activation (38). Another recent study in 
2021 has shown that not only decreased placental expression 
of HLA-G may be associated with PE, but changes in HLA-G 
isoform may also be a critical factor in PE (39). 

The small sample size and address only sHLA-G levels 
constitute the limitations of this study. Accordingly, 
we cannot totally rule out the possibility that it could 
be a source of bias. However, our results showed that 
sHLA-G1 levels were independent of other factors such 
as body mass index (BMI).

Conclusion
To summarise, in comparison to the normal controls, 

plasma sHLA-G1 levels were found to be significantly 
lower in women with late-onset severe PE. One could 
conclude that although the low sHLA-G1 expression is 
shown to be significantly related to the occurrence of PE, 
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high sHLA-G1 levels may be considered as one of the 
factors to maintain a normal pregnancy. Although first-
trimester sHLA-G1 seems to have predictive values for 
PE, large-scale cohort studies are needed to justify this.   
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