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Abstract 
Introduction: Human leukocyte antigen G (HLA-G) is a non-classical major histocompatibility com- 
plex (MHC) class Ib antigen characterized by a limited polymorphism. The expression of HLA-G at 
immune privileged sites and its ability to inhibit the effectors functions of immune cells has set 
HLA-G as a molecule of immune tolerance. This expression pattern is unique among HLA genes 
and suggests that HLA-G may be involved in interactions that are critical in establishing and/or 
maintaining pregnancy. Methods: Soluble HLA-G (sHLA-G) levels were measured using a BioVen-
dor sHLA-G ELISA kit following the manufacturer’s protocol. The study participants include wom-
en undergoing spontaneous abortion, non-pregnant women, males and an archive sample of 
women who had normal vaginal deliveries without any complications and any history of malaria 
infection from gestation to delivery. Results: Soluble HLA-G levels were higher among women un-
dergoing spontaneous abortion as compared to women who had normal vaginal delivery and 
non-pregnant women. Soluble HLA-G levels were also higher in second trimester as compared to 
first trimester in both women who had spontaneous abortions and women who had normal deli-
very. Conclusion: Although sHLA-G levels were higher among women undergoing spontaneous 
abortion as compared to non-pregnant women and women who had normal delivery, this may be 
playing a role in the maintenance of maternal immune tolerance to fetal antigen, since plasma 
sHLA-G levels increased with increasing trimester in both women who had normal delivery and 
women undergoing spontaneous abortion. 
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1. Introduction 
The term HLA refers to the Human Leucocyte Antigen System, which is controlled by genes on the short arm of 
chromosome six. The HLA loci are part of the genetic region known as the Major Histocompatibility Complex 
(MHC) [1]. The MHC, the most gene-dense region of the human genome, contains at least 128 functional genes, 
more than 20% of which have functions in immunity. It is also the region with the most disease associations. 
The MHC genes are traditionally divided into three classes. Genes located in the region of MHC class I and II 
encode the antigen-presenting MHC molecules while class III genes encode complement hormones and other 
proteins [2]. The peptide antigen-presenting MHC molecules are known as classical MHC molecules. Structu-
rally related molecules of class I and II that do not function in the presentation of peptide antigens are known as 
non-classical MHC molecules.  

Human leukocyte antigen G (HLA-G) is a non-classical major histocompatibility complex (MHC) class Ib 
antigen characterized by a limited polymorphism. In non-pathological situations, HLA-G expression is restricted 
to the fetal-maternal interface of the extravillous cytotrophoblasts, placental chorionic endothelium, thymic epi-
thelial cells, and erythropoietic lineage cells from the bone marrow, as well as other immune-privileged tissues 
such as the cornea, nail matrix, and autologous tissues such as the pancreas [3]. Functionally, HLA-G inhibits 
the cytolytic function of uterine and peripheral blood NK cells, the antigen-specific cytolytic function of cyto-
toxic T lymphocytes, the alloproliferative response of CD4 T cells, the proliferation of T cells and peripheral 
blood NK cells and the maturation and function of dendritic cells [4] [5]. The expression of HLA-G at immune 
privileged sites and its ability to inhibit the effectors functions of T-lymphocytes, natural killer cells (NK) and 
antigen-presenting cells (APC) has set HLA-G as a molecule of immune tolerance. Soluble HLA-G was de-
tected in pregnant women from gestation to term, umbilical cord blood samples, amniotic fluid, and is found in 
the supernatant culture media from in vitro cultured embryos [6]-[8]. Functionally high soluble HLA-G expres-
sion is associated with successful organ transplantation, maintenance of maternal immune tolerance, successful 
in vitro fertilization therapy as a marker for embryo quality [9]. Decreased plasma level of soluble HLA-G in 
early gestation is associated with later development of preeclampsia and intrauterine growth retardation [10]. 
This expression pattern suggests that HLA-G may be involved in interactions that are critical in establishing 
and/or maintaining pregnancy. Therefore the aim of this study is to determine the role of sHLA-G expression in 
pregnancy success and early pregnancy loss in Korle-Bu Teaching Hospital (KBTH). 

2. Methods 
2.1. Study Site and Target Population 
The study participants include women undergoing spontaneous abortion recruited from the Gynecology Unit 
KBTH and non-pregnant women and healthy men recruited from the staff of College of Health Sciences. An 
archive sample of women who had normal vaginal deliveries without any complications and any history of ma-
laria infection from gestation to delivery was obtained from Noguchi Memorial Institute for Medical Research 
Ghana. KBTH situated in the nation’s capital, Accra, Ghana, is the leading tertiary hospital and the major refer-
ral center in the country. It also serves as the teaching hospital of the University of Ghana College of Health 
Sciences, in Accra. Participants with history of immunodeficiencies, malignancies, and immunosuppressive and 
immune stimulant therapies were excluded from the study. 

2.2. Sample Collection and Analysis 
Five milliliters (5 ml) of venous blood was obtained from each consented participant using butterfly needles (0.8 
× 19 mm × 178 mm, BD, USA) into heparinized vacutainers (BD, USA) tubes. Blood samples were transported 
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to the laboratory in ice chests within one hour of sample collection. Plasma was separated from heparinized 
blood samples by centrifugation from whole blood at 2000 rpm for 10 minutes. After centrifugation the plasma 
was collected and placed in cryotubes and stored at −80˚C until ready to use.  

2.3. Soluble HLA-G Measurement 
The sHLA-G levels were measured using a BioVendor sHLAG ELISA kit following the manufacturer’s proto-
col. The frozen plasma samples were allowed to thaw at room temperature (25˚C) and diluted ten times with di-
lution buffer and vortex. 100 µl of each of the diluted plasma samples were added to microplate wells pre-coated 
with monoclonal anti sHLA-G antibody and incubated at 2˚C - 8˚C for 18 hours without shaking. After the in-
cubation, the plate was washed manually for five times (5×) with 0.35 ml of wash solution per well. The micro-
titer plate was then bloated on paper towel store move excess wash solution and unbound analytes. After the 
washing, 100 µl of Conjugate Solution containing monoclonal anti-human β2 macroglobulin antibody labeled 
with horse radish peroxidase was added. The microtiter plate was then incubated on anorbital plate shaker with 
shaking at 300 rpm for 1 hour at room temperature (25˚C). Following another washing step, to each well, 100 µl 
of Substrate Solution containing tetramethylbenzidine was added and incubated for 25 minute at room tempera-
ture (25˚C) without shaking. After incubation, the color development was stopped by addition of 100 μl of Stop 
Solution. The absorbance of each well was determined using microplate reader set to 450 nm with a reference 
wavelength of 630 nm within 5 minutes following addition of stop solution. Spectrophotometric readings of the 
assays were done both at 650 nm and 450 nm, and the readings were subtracted to obtain the various absor-
bance.  

3. Statistical Analysis 
Statistical analysis was performed using Sigma-Stat Version 3.5. The differences of sHLA-G levels between two 
groups were tested using the nonparametric Mann-Whitney U test. The differences among three or more groups 
were tested using the nonparametric Kruskal-Wallis test. P-value < 0.05 was considered statistical significant. 

4. Results 
A total of eighty (80) study participant samples were analyzed. This includes thirty-two (32 (40%)) women un-
dergoing spontaneous abortion (SA) and twenty eight (28 (35%)) archive samples of women who had normal 
vaginal deliveries without any complications and any history of malaria infection from gestation to delivery, ten 
(10 (12.5%)) non-pregnant women and ten (10 (12.5%) normal healthy men (NM) as shown in Table 1. 

Soluble HLA-G levels were higher in women undergoing spontaneous abortion (66.5 U/ml) as compared to 
women who had normal vaginal delivery (49.35 U/ml) and non-pregnant women (58.28 U/ml). Generally higher 
Soluble HLA-G Level was observed in males (79.11 U/ml) as compared to all the study groups as shown in 
Figure 1. 

Moreover, sHLA-G levels were higher in women who had spontaneous abortions as compared to women who 
had normal delivery in both first and second trimester, although it was not statistically significant (first trimester: 
spontaneous abortion = 66.53 U/ml, women who had normal delivery = 41.94 U/ml, second trimester: sponta-
neous abortions = 98.65 U/ml, women who had normal delivery = 69.01 U/ml, P = 0.09). Although not statisti-
cally significant, sHLA-G levels were higher in second trimester as compared to first trimester in both women 
who had spontaneous abortions and women who had normal delivery as shown in Figure 2. 

 
Table 1. Demographic characteristics of study participants.                                                             

Study group N Age (M ± SD) 

Spontaneous abortion (SA) 32 (40%) 31.7 ± 3.2 

Normal delivery women (NDW) 28 (35%) 24.6 ± 2.4 

Non-pregnant women (NPW) 10 (12.5%) 22.6 ± 3.7 

Health adult men (NM) 10 (12.5%) 25.6 ± 5.2 
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Figure 1. sHLA-G levels in spontaneous abortion patients (spontaneous ab), non-pregnant wom-
en (non-preg.w), women who had normal delivery (w.nd) and healthy adult males.                           

 

 
Figure 2. sHLA-G levels in controls (healthy adult male and non-pregnant women), women who 
had spontaneous abortion and women who had normal delivery in first and second trimester.                    

5. Discussion  
Fetal survival requires mechanisms that allow immunologic tolerance of the fetal allograft by the mother and at 
the same time maintaining immune competence against invading pathogens. It is becoming clear that human re-
production is a dynamic interplay between immunological and immunogenetic factors during pregnancy. The 
alteration of these factors may lead to reproductive failure, although this remains a relatively unexplored area of 
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research. Spontaneous abortion is one of the least understood pathological processes, in spite of being one of the 
most common pregnancy complications. 

Human leukocyte antigen was found to play a critical role in pregnancy which includes gamete development, 
embryo cleavage, blastocyst and trophoblast formation, fetal development and survival [11]. Most studies have 
shown how HLA-G is involved in creating tolerance. For example, sHLA-G was found to play a role in sup-
pressing NK cell activity, regulating cytokines production, inducing apoptosis in T cells and inhibiting the acti-
vation of immune cells [12]. sHLA-G was also found to play a role in trophoblast invasion and maintenance of 
successful implantation. Although some studies have shown a positive correlation between high HLA-G levels 
and successful implantation, in this study, high plasma HLA-G levels were found to be associated with poor im-
plantation. This is evidence in the fact that high plasma HLA-G levels were observed in males, non-pregnant 
females and females undergoing spontaneous abortion as compared to women who had normal delivery. This 
observation is also in agreement with a study by Hviid and colleagues in 2006 who have shown that sHLA-G 
positive pre implantation embryos fail to implant in IVF treatment and levels of HLA-G and interleukin-10 
(IL-10) cytokine believed to be of central importance in pregnancy, are not linked [11]. Furthermore McCor-
mick et al., (2009) reported that sHLA-G actually inhibit trophoblast invasion of the maternal deciduas [13]. 
Dahl and colleagues in 2014 also reported that HLA-G may inhibit trophoblast invasion in concentration-    
dependent manners [14]. It could be that sHLA-G may not play a role in implantation, but rather in the main-
tenance of maternal immune tolerance to fetal antigen after implantation, because plasma sHLA-G levels in-
creased with increasing trimester in both women who had normal delivery and women undergoing spontaneous 
abortion in this study. The third trimester plasma sHLA-G level of women who had normal delivery was found 
to be high as compared to their second trimester plasma sHLA-G level. Similar trends were observed in women 
undergoing spontaneous abortion. 

6. Limitation 
The use of archival sample of women who had normal vaginal deliveries might have affected the sHLA-G 
measured inthis group of study participant. 

7. Conclusion  
Evidence for the role of HLA-G in pregnancy still remains unclear. Many controversies surround HLA-G func-
tions in pregnancy and its complications. It could be that sHLA-G may not play a role in implantation, but rather 
in the maintenance of maternal immune tolerance to fetal antigen after implantation, because plasma sHLA-G 
levels increased with increasing trimester in both women who had normal delivery and women undergoing 
spontaneous abortion. Also, sHLA-G is detectable in males and females under normal condition, with males 
showing the highest plasma levels of sHLA-G.  
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