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Abstract

Soluble HLA-G (sHLA-G) levels in human seminal plasma (SP) can be diverse and 

may affect the establishment of maternal-fetal tolerance and thereby the outcome 

of pregnancy. We investigated whether sHLA-G levels in SP are associated with 

polymorphisms in the 3’-untranslated region (UTR) and UTR haplotypes of the 

HLA-G gene. Furthermore, we compared the HLA-G genotype distribution and 

sHLA-G levels between men, whose partner experienced unexplained recurrent 

miscarriage (RM), and controls. 

Soluble HLA-G levels (n=156) and HLA-G genotyping (n=176) were determined in 

SP samples. The concentration of sHLA-G was significantly associated with several 

single nucleotide polymorphisms (SNPs): the 14 base pair (bp) insertion/deletion 

(indel), +3010, +3142, +3187, +3196, and +3509. High levels of sHLA-G were 

associated with UTR-1 and low levels with UTR-2, UTR-4 , and UTR-7 (P<0.0001). 

HLA-G genotype distribution and sHLA-G levels in SP were not significantly 

different between the RM group (n=44) and controls (n=31). 

In conclusion, seminal sHLA-G levels are associated with both singular SNPs and 

3’UTR haplotypes. HLA-G genotype and sHLA-G levels in SP are not different 

between men whose partner experienced RM and controls, indicating that 

miscarriages are not solely the result of low sHLA-G levels in SP. Instead it is 

more likely that these miscarriages are the result of a multifactorial immunologic 

mechanism, whereby the HLA-G 3’UTR 14 bp ins/ins genotype plays a role in a 

proportion of the cases. Future studies should look into the functions of sHLA-G in 

SP and the consequences of low or high levels on the chance to conceive.

Introduction

Semen contains various immunomodulatory factors, such as chemokines and 

cytokines [1], but also soluble human leukocyte antigens (sHLA), which together 

can induce a local immune response in an immune regulatory environment [2]. 

The presence of seminal plasma (SP) in the female reproductive tract after coitus 

can lead to an influx of immune cells, e.g. the number of CD14+ macrophages and 

CD1a+ dendritic cells were shown to be approximately two-fold increased upon 

semen exposure [3]. Immune recognition of paternal antigens may play a role in 

pregnancy complications: change of partner is a risk factor for intrauterine growth 

restriction, preterm birth, low birth weight and infant mortality, and it counteracts 

the protective effect of multiparity against preeclampsia [4-6]. Additionally, the 

length of unprotected sexual cohabitation affects the incidence of pregnancy-

induced hypertensive disorders [7, 8], and oral exposure to semen is correlated 

with a diminished occurrence of preeclampsia [2]. Furthermore, preeclampsia 

occurs more frequently in pregnancies induced by artificial insemination with 

donor semen [9]. Combined, these findings indicate that exposure to paternal 

antigens prior to gestation has a beneficial effect on pregnancy outcome. Besides 

the classical HLA antigens, SP contains soluble HLA-G (sHLA-G) [10]. Compared 

to classical HLA, HLA-G shows a low level of polymorphism, and does not have 

a major role in antigen presentation. The primary function of HLA-G lies most 

probably in regulating immune functions through interaction with receptors 

on various immune cell subsets [11]. Whereas HLA-G can inhibit the cytotoxic 

function of both NK cells and CD8+ T cells, it is also involved in the induction of 

immunoregulatory antigen presenting cells and CD4+ T cells [12-14]. Furthermore, 

the presence of sHLA-G has been shown to be beneficial for the success rate of 

assisted reproduction techniques [15].

The level of sHLA-G in body fluids appears to be related to specific polymorphisms 

in the 3’-untranslated region (3’UTR) of the HLA-G gene. The 14 base pair (bp) 
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insertion/deletion (indel) polymorphism has shown to be associated with sHLA-G 

levels in blood and semen [16, 17]. Furthermore, the G/C at position +3142 and 

the G/A at position +3187, which are involved in microRNA (miRNA) mediated 

post-transcriptional regulation, seem to influence sHLA-G levels in blood [18, 19]. 

Other SNPs, such as +3003 T/C, +3010 G/C, +3027 C/A and +3035 C/T have been 

proposed as potential miRNA binding sites [20], but they have not been studied 

extensively in relation to sHLA-G levels. At least eight polymorphisms together 

make up UTR haplotypes [21]. UTR haplotypes containing the 14 bp deletion (i.e., 

UTR-1) are associated with high sHLA-G levels in blood plasma, whereas those 

with the 14 bp insertion (i.e., UTR-7) are associated with low sHLA-G levels [22].

Although several studies have demonstrated associations between HLA-G 3’UTR 

polymorphic sites and sHLA-G concentration, these were solely focused on sHLA-G 

concentrations in blood plasma [22]. The association between the 14 bp indel 

polymorphic site and sHLA-G levels was previously evaluated in SP [17], but the 

full 3’UTR region was not included. Here we assess for the first time the correlation 

between sHLA-G levels in semen samples with the sequence of multiple HLA-G 

3’UTR variation sites determining extensive haplotypes. Low levels of HLA-G in 

women have been associated with recurrent miscarriage (RM) [23, 24], but the 

effect of sHLA-G in semen on RM has not been studied. Additionally, we studied 

sHLA-G levels in SP of couples with a history of RM, with the aim to determine 

whether aberrant sHLA-G levels in SP could be an explanation for these couples 

experiencing RM.

Materials and Methods

Study samples

Semen samples were obtained from 156 men visiting the reproductive medicine 

clinic at the Leiden University Medical Center (LUMC). Of these, 101 semen samples 

were obtained from men visiting the in vitro fertilization (IVF) clinic. SP samples 

were collected via masturbation and samples containing leukocytes, as a marker 

for infection, were excluded from this study. Forty-four samples were collected 

from men enrolled in a study of couples with a history of RM. These couples had 

experienced at least three miscarriages, for which the cause remained unknown 

after a full clinical work-up at the reproductive medicine clinic at the LUMC. Blood 

collected from men of RM couples was used for HLA-G genotyping. As a control 

group, we collected blood and semen samples from men, who fathered at least 

one live birth and did not have a history of RM. We obtained 31 unique blood 

samples from these controls and 11 unique semen samples. Within four hours 

after collection, semen samples were centrifuged at 2,000 rpm for 10 min, sperm 

cells were discarded and aliquots of SP were stored at −80oC. 

HLA-G genotype determination

HLA-G genotype determination has previously been described [25]. In short, 

genomic DNA was isolated from blood or from SP, when blood was not available. 

The 699/713-bp fragment covering the 3’UTR of exon 8 was sequenced, starting 

just before the 14 bp insertion/deletion and ending 591 bp downstream of 

the insertion/deletion. To sequence the haplotype on each of the two alleles, 

amplification reactions were performed using the generic 3’-primer that was 

tailed with a M13 sequence to cover the 3’UTR region of HLA-G. The following 

polymorphisms were identified: the 14 bp insertion/deletion (rs371194629), 

+3003C>T (rs1707), +3010G>C (rs1710), +3027C>A (rs17179101), +3035C>T 

(rs17179108), +3142C>G (rs1063320), +3187A>G (rs9380142), +3196C>G 

(rs1610696), +3422C>T (rs17875408), +3496A>G (rs1233330), and +3509G>T 

(rs1611139). 
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UTR haplotypes were composed based on the combination of eight 

SNPs. Nomenclature was used according to Castelli et al. [21]. In case the 

combination of SNPs could not fit any of the established UTR haplotypes, 

these samples were categorized as UTR-N. Conversion of sequencing data 

to UTR haplotypes was carried out by using a specialized HLA interpretation 

software tool (SBT Engine, GenDX, Utrecht, the Netherlands). The 

forward primer (GTGATGGGCTGTTTAAAGTGTCACC), the reverse primer 

(GACGTTGTAAAACGACGGCCAGTAGGGGAAGAGGTGTAGGGGTCTG) and the 

M13 universal primer (GACGTTGTAAAACGACGGCCAGT) were ordered from 

Sigma (St. Louis, Missouri, USA). The underlining represents the M13 sequence. 

Soluble HLA-G determination

For sHLA-G determination, samples were thawed at room temperature and 

centrifuged at 14,000 rpm for 4 min. The level of soluble HLA-G1/HLA-G5 

molecules in the plasma samples was determined by a commercially available 

sandwich enzyme linked immunosorbent assay (ELISA) (EXBIO, Praha, Czech 

Republic) according to the manufacturer’s instructions. This ELISA specifically 

detects soluble HLA-G1 and HLA-G5 in a β2-microglobulin-associated form. The 

limit of detection was 0.6 units/mL. The standard curve ranged from 3.9 to 125 

units/ml. Samples were tested in the assay at 1:5 and 1:10 dilution, using dilution 

buffer 1 of the kit. Subsequently, samples were measured at different dilutions to 

remain in the linear part of the standard curve (ranging from 1:2 to 1:100). 

Samples were run in duplicate and mean absorbance was measured at 450 

nm wavelength using a BIO-RAD Microplate Reader and Microplate Manager 

6 software (Hercules, California, USA). Calculations were done according to 

the manufacturer’s guidelines. Standard curves based on the absorbance of 

calibrators of known concentrations were used for the determination of sHLA-G 

concentration in the samples of interest. Results were expressed as units/mL.

Statistical analysis

Statistical analyses were performed using GraphPad Prism version 7.02 for Windows 

(GraphPad Software, California, USA) and SPSS Statistics 23 (IBM SPSS Software, 

New York, USA). Normality of distribution was examined with D’Agostino & 

Pearson normality test. Differences between groups were tested by Mann-Whitney 

U tests or Chi-square tests. P-values of <0.05 were considered to indicate statistical 

significance. Spearman’s correlation coefficient (r) was used to demonstrate the 

relationship between the volume of the ejaculate and the sHLA-G concentration. 

Distribution of genotype frequencies among groups was tested by a Kruskal-

Wallis test. The association between the presence of specific HLA-G genotypes in 

RM or healthy controls semen samples was studied with binary logistic regression. 

For each HLA-G genotype the highest prevalence was defined as the reference 

group. If percentages in a group were below 5%, no calculations were performed. 

For the calculations on the HLA-G genotypes, Dunn’s post hoc test was used to 

correct for multiple comparisons. Observed heterozygosity in both groups was 

computed by the direct counting method. Adherences of genotypic proportions 

to expectations under Hardy–Weinberg equilibrium were tested separately for 

each SNP using PyPop 0.7.0 software (California, USA) [26].

Results

HLA-G genotype and distributions

We analyzed multiple SNPs to distinguish HLA-G 3-UTR haplotypes. All genotyped 

SNPs fitted the Hardy–Weinberg (HWE) expected proportions, except for +3003 

and +3010 (Supplementary Table 1). When these HWE analyses were performed 
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for the three groups separately, only the IVF group did not fit the HWE analysis for 

the +3010, whereas the other two groups did (Supplementary Table 2). 

sHLA-G levels in seminal plasma are associated with HLA-G 3’UTR 

haplotype and HLA-G 3’UTR polymorphisms

Soluble HLA-G levels did not fit a Gaussian distribution (P<0.0001) and therefore 

we used non-parametric statistical tests. Median sHLA-G levels for all HLA-G 3’UTR 

haplotypes can be found in Table 1. For some controls, only the HLA-G 3’UTR 

genotype was determined, but we did not have SP samples to determine sHLA-G 

concentrations (“missing” in Table 1). The level of sHLA-G was not influenced by 

the volume of the ejaculate (Supplementary Figure 2). 

Since with heterozygous 3’UTR haplotypes combinations (diplotypes) it is unclear 

which haplotypes has the most dominant influence on sHLA-G levels, we analyzed 

homozygous samples. Homozygous haplotypes showed significant differences 

between UTR-1, UTR-2, UTR-3, UTR-4, and UTR-7 (P<0.0001) (Figure 1). Dunn’s 

post hoc test showed that sHLA-G levels between UTR-1 (median: 639.4 units/mL) 

and UTR-2 (median: 102.5 units/mL; P<0.0001) and between UTR-1 and UTR-4 

(median: 132.4 units/mL; P=0.0377) were significantly different after correction for 

multiple comparisons.

 
Figure 1. sHLA-G levels in SP for separate homozygous haplotypes. sHLA-G levels in SP are 
significantly different for the homozygous HLA-G 3’UTR haplotypes UTR-1, UTR-2, UTR-3, UTR-4 and 
UTR-7 (P<0.0001). Dunn’s post hoc test showed that sHLA-G levels in UTR-1 and UTR-2 (P<0.0001) 
and UTR-1 and UTR-4 (P=0.0377) were significantly different after correcting for multiple comparisons.

To evaluate whether specific SNPs are involved in differences in sHLA-G levels per 

haplotype, we analyzed sHLA-G levels for SNPs separately. The concentration of 

sHLA-G in SP samples was significantly associated with the 14 bp ins/del, +3003 

C/T, +3010 C/G, +3142 C/G, +3187 A/G, +3196 C/G, +3496 A/G and +3509 

G/T polymorphic sites in the 3’UTR part of the HLA-G gene (Figure 2A-F and 

Supplementary Table 3). 

The 14 bp del/del genotype showed the highest level of sHLA-G, and the 14 bp ins/

ins genotype showed the lowest sHLA-G level (P<0.0001). Furthermore, individuals 

Table 1. sHLA-G in seminal plasma per haplotype. 

 n Missing % Median Minimum Maximum 
UTR-01 93 13 26.4 639.4 93.0 4988.0 
UTR-02 92 10 26.1 102.5 23.6 1799.1 
UTR-03 43 7 12.2 255.9 62.6 2408.0 
UTR-04 64 7 18.8 132.4 23.0 3917.3 
UTR-05 11 0 3.1 256.8 108.0 1838.8 
UTR-06 2 0 0.6 1582.6 909.6 2255.6 
UTR-07 23 2 6.5 159.0 58.2 1769.5 
UTR-08 1 0 0.3 206.5 206.5 206.5 
UTR-10 2 0 0.6 202.8 108.0 297.7 
UTR-18 4 0 1.1 2578.6 1848.0 4642.7 
UTR-N 17 1 4.8 425.8 23.0 4642.7 
Total 312 40 100%    
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with +3142 CC (median: 776.7 units/mL), +3196 CC (median: 443.0 units/mL), 

+3010 GG (median: 619.5 units/mL), +3187 GG (median: 973.1 units/mL), +3496 

GG (median: 359.7 units/mL) and +3509 GG (median: 436 units/mL) showed 

higher sHLA-G levels than individuals with +3142 GG (median: 153.5 units/mL, 

P<0.0001), +3196 GG (median: 56.74 units/mL, P<0.0001), +3010 CC (median: 

182.9 units/mL, P=0.0013), +3187 AA (median: 121.6 units/mL, P<0.0001), +3496 

AA (median: 81.39 units/mL, P=0.0095), and +3509 TT genotypes (median: 56.74 

units/mL, P<0.0001), respectively. Dunn’s post hoc test for multiple comparisons 

showed significant differences for all these polymorphisms, except for +3003 and 

+3496 (Figure 2A-F). 

Analysis of the IVF group and the RM group separately showed similar associations 

between HLA-G genotype and sHLA-G levels, although significance for several 

SNPs was lost after multiple comparisons due to small samples sizes (data not 

shown). The group with fertile controls was too small for separate analysis.

sHLA-G levels in seminal plasma of RM group and controls

To evaluate whether differences in HLA-G genotype and sHLA-G levels could be 

found for semen samples of men, whose partner experienced RM, we analyzed 

groups separately. No differences in frequency for individual SNPs (Supplementary 

Table 4) or in haplotype distribution (Table 2) were found between semen samples 

from the RM group and semen samples from controls. However, although not 

significant, the frequency of the 14 bp ins/ins genotype, which was associated 

with low levels of sHLA-G, was three times higher in the RM group than in controls 

(18% vs. 6%, P=0.137). The median concentration of sHLA-G was 269.7 units/mL in 

all SP samples compared to 233.8 units/mL in SP samples from men with a history 

of RM and 297.3 units/mL in SP samples of healthy controls (Table 3). The levels 

of sHLA-G were not significantly different between the RM group and controls 

(Supplementary Figure 1).

 

Figure 2. The sHLA-G concentration in SP samples is associated with several SNPs of the 3’UTR part 
HLA-G gene. The concentration of sHLA-G in seminal plasma samples is significantly associated with 
(a) 14 bp ins/del, (b) +3010 C/G, (c) +3142 C/G, (d) +3187 A/G, (e) +3196 C/G and (f) +3509 G/T 
polymorphic sites in the HLA-G 3’UTR after correction for multiple comparisons.
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Table 2. HLA-G 3’UTR haplotype frequencies in RM semen samples and samples of fertile controls. 

 RM  Fertile controls   95% C.I. 
 

 
(2n=88) %  (2n=62) % OR Lower Upper P-value 

UTR-1 23 26.1% 17 27.4% 0.937 0.450 1.950 0.861 
UTR-2 25 28.4% 17 27.4% 1.050 0.509 2.169 0.894 
UTR-3 12 13.6% 8 12.9% 1.066 0.408 2.784 0.897 
UTR-4 18 20.5% 15 24.2% 0.806 0.370 1.755 0.587 
UTR-5 4 4.5% 0 0% Inf. 0.000 Inf. 0.999 
UTR-7 3 3.4% 3 4.8% 0.694 0.135 3.558 0.662 
UTR-N 3 3.4% 2 3.2% 1.059 0.172 6.531 0.951 
 All univariate logistic regression analyses. P, p value; OR, odds ratio; 95% CI, 95% confidence 
interval; The 3’UTR haplotype nomenclature is consistent with publication by Castelli et al.  

 

 

Table 3. sHLA-G levels in semen samples. 
 

All 
(n=176) 

IVF  
(n=101) 

RM 
(n=44) 

Fertile controls 
(n=11) 

Missing 20 0 0 20 
Median 269.67 271.38 233.77 297.26 
Mean 546.93 600.59 477.67 331.18 
Std. deviation 794.02 872.29 684.92 211.53 
Minimum 23.03 23.03 27.43 100.50 
Maximum 4988.79 4988.79 3917.29 851.32 

 

Discussion

In this study, we showed an association of sHLA-G levels with HLA-G 3’UTR 

haplotypes, as well as with singular SNPs. Furthermore, there was no significant 

difference in HLA-G genotype and sHLA-G levels in semen between men whose 

partner had a history of RM and controls.

When comparing genotype frequencies to expected HWE frequencies for 

each group, we observed that the IVF group deviates from HWE for the +3010 

polymorphism, whereas the other two groups fit. Since the samples in this study 

group are not from healthy controls, this could indicate that this SNP may play a 

role in conception, but additional research is required to draw any conclusions. 

Regarding HLA-G 3’UTR haplotypes we found five haplotypes exhibiting 

frequencies higher than 5% (UTR-1, UTR-2, UTR-3, UTR-4, UTR-7) and five others 

with lower frequencies (UTR-5, UTR-6, UTR-8, UTR-10, UTR-18). Some combinations 

of SNPS did not fit any of the established UTR haplotypes and were therefore 

categorized as UTR-N. In line with previous data [27], UTR-1 and UTR-2 were the 

most frequently observed haplotypes. We reported the frequencies of eleven 

polymorphic sites: 14 bp ins/del, +3003C/T, +3010C/G, +3027A/C, +3035C/T, 

+3142C/G, +3187A/G, +3196C/G, +3422C/T, +3496A/G and +3509G/T. The 

most studied polymorphism of the 3-UTR of the HLA-G gene is the 14 bp indel 

polymorphism, which has been associated with altered HLA-G expression. We 

observed that individuals exhibiting the 14 bp del/del genotype indeed exhibited 

higher sHLA-G levels in SP compared to the 14 bp ins/ins genotype. This is in 

line with other studies, describing the association between the 14 bp insertion 

allele and decreased levels of sHLA-G in blood plasma and serum [16, 28, 29]. It 

is suggested that the insertion of 14 bases leads to removal of 92 bases from the 

start of exon 8, affecting mRNA stability and degradation rate [30].

Other SNPs at the 3-UTR, which are associated with HLA-G expression levels, are 

represented by the presence of guanine in the position +3142, which increses 

the affinity of specific miRNA for HLA-G mRNA, leading to decreased HLA-G 

expression [19]. Another SNP is represented by the presence of an adenine at 

position +3187, decreasing the stability of HLA-G mRNA [18]. Indeed, we did 

observe lower sHLA-G levels in the semen of individuals with +3142 GG or +3187 

AA genotype. Of all haplotypes found in this study, the only haplotype presenting 

a guanine at position +3187 is UTR-1. Moreover, taking the possible effect of each 

of the known variation sites that may influence HLA-G production together, UTR-1 
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is theoretically the most suitable to produce high HLA-G amounts, because it is the 

only UTR that harbours the +3187 G allele, as well as the +3142 C and the 14 bp 

del. Indeed, in the present study UTR-1 was clearly associated with higher levels of 

sHLA-G. UTR-2 and UTR-7 both harbour the +3187 A allele, as well as the +3142 

G and the 14 bp ins. In line with our expectations, these UTR haplotypes were 

associated with low HLA-G levels. Remarkably, the UTR-4 was generally associated 

with low sHLA-G levels, even though this haplotype harbours the 14 bp del and 

the +3142 C. It appears that the influence of adenine at position +3187 on sHLA-G 

levels is very strong or that another yet unknown factor influences the level of 

sHLA-G in these cases. 

We found a higher incidence of the 14 bp ins/ins in men whose partner experienced 

RM (18%) compared to controls (6%), although this difference was not significant. 

Taking into account that this genotype is associated with lower sHLA-G levels, 

this may underline the concept that rather a multifactorial process accounts for 

miscarriage. 

We were restricted to collecting one semen sample per man. Therefore, we were 

not able to analyze sHLA-G concentrations over time and we cannot exclude the 

possibility that sHLA-G levels in SP fluctuate over time.

In summary, we provided data on the impact of the most frequent HLA-G 3’UTR 

variation sites on sHLA-G levels in SP, and conclude that sHLA-G levels in SP are 

influenced by HLA-G haplotypes and separate SNPs. On the population level, 

we did not find differences in sHLA-G levels between SP samples from RM and 

controls, indicating that miscarriages cannot solely be explained by HLA-G genes 

and low sHLA-G levels in SP. Instead it is more likely that these miscarriages are the 

result of a multifactorial immunologic mechanism, in which the HLA-G 3’UTR 14 

bp ins/ins genotype plays a role in a proportion of the cases. Future studies should 

look into the functions of sHLA-G in SP and the consequences of low or high levels 

on the chance to conceive.
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Supplementary Figure 1. sHLA-G concentrations in SP samples from RM cases and controls. sHLA-G 
concentrations in SP samples were not significantly different between men whose partner experienced 
RM (median 233.8 units/mL) and controls (median 297.3 units/mL).

Supplementary Figure 2. sHLA-G concentrations in relation to semen volumes (n=177). sHLA-G 
concentrations are not associated with semen volume (Spearman’s r=-0.0533).

Supplementary Table 1. Hardy-Weinberg analyses for HLA-G 3’UTR genotypes in all semen samples. 

  All 
(n=176) 

 

 
common homozygotes heterozygotes  

P P P 
14-bp 0.7658       0.8417       0.8361       
+3003 0.0252*      0.4339       0.2251       
+3010 0.0003*  0.0107*      0.0106*      
+3027 0.6934       0.8753       0.6992       
+3035 0.8336       0.9175       0.8388       
+3142 0.1965       0.3651       0.3624       
+3187 0.1841       0.5051       0.4060       
+3196 0.2859       0.5639       0.4923       
+3422 0.6747       0.8068       0.6886       
+3496 0.0341*      0.4519       0.2478       
+3509 0.1960       0.4912       0.4081       

All Hardy-Weinberg analyses. P, p value. * P < 0.05.  

 

Supplementary Table 2. Hardy-Weinberg analyses for HLA-G 3’UTR genotypes in separate groups 
of semen samples. 

    
RM 

    
Fertile 

controls     
IVF 

  
(n=44) (n=31) (n=101) 

  commo
n 

homozy
gotes 

heterozyg
otes 

commo
n 

homozyg
otes 

heterozyg
otes 

commo
n 

homozy
gotes 

heterozyg
otes 

  P P P P P P P P P 
14-bp  0.5129       0.6640       0.6506       0.3492 0.4518 0.4035 0.6077 0.7244 0.7193 
+3003  0.2254       0.4280       0.2538        0.3560 0.5272 0.3886 0.8000 0.8857 0.8083 
+3010  0.0704       0.2008       0.2008 0.8150 0.8704 0.8692 0.0002 0.0093 0.0092 
+3027  #  0.9873       0.9936       # 0.9782 # 0.6666 0.8412 0.6753 
+3035  0.7823       0.9045       0.7874       # 0.9606 # 0.7012 0.8333 0.7125 
+3142  0.3801       0.5377       0.5358       0.5725 0.6917 0.6905 0.1707 0.3429 0.3361 
+3187  0.6007       0.7020       0.6295       0.8374 0.8783 0.8507 0.1575 0.4778 0.3764 
+3196  0.6611       0.7329       0.6916       0.4088 0.5379 0.4487 0.1035 0.3792 0.2950 
+3422  0.8379       0.8965       0.8467       0.6237 0.7867 0.6376 0.5086 0.7076 0.5268 
+3496  0.2254       0.4280       0.2538       0.4490 0.5925 0.482 0.8000 0.8857 0.8083 
+3509  0.6611       0.7329       0.6916       0.4088 0.5379 0.4487 0.0519 0.3072 0.2159 

All Hardy-Weinberg analyses. P, p value. # Too many parameters for chi-square test.  
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Supplementary Table 3. Comparisons of seminal plasma soluble HLA-G levels (units/ml) in the 
whole group, stratified according to the SNPs in the HLA-G 3’ UTR. 

Polymorphism   All    Soluble HLA-G levels P-value 
    (n=156)   Median   

14-bp indel Del/Del  55 35% 597.6 <0.00011 
  Ins/del  72 46% 262.4   

  Ins/Ins  29 19% 83.24   
3003 C/C 9 6% 106.6 0.02262 

  C/T 39 25% 161.4   
  T/T 108 69% 351.9   

3010 C/C  49 31% 148.0 <0.00013 
  C/G  55 35% 235.9   
  G/G  52 33% 601.5   

3027 A/A 2 1% 167.4 0.8247 
  A/C 21 13% 199.6   
  C/C  133 85% 274.0   

3035 C/C 121 78% 274.0 0.9849 
  C/T 32 21% 250.3   
  T/T 3 2% 175.8   

3142 C/C  37 24% 725.3 <0.00014 
  C/G  69 44% 295.2   
  G/G  50 32% 134.9   

3187 A/A  89 57% 121.7 <0.00015 
  A/G 53 34% 458.0   
  G/G 14 9% 973.1   

3196 C/C  80 51% 420.2 <0.00016 
  C/G  59 38% 184   
  G/G  17 11% 48.87   

3422 C/C 112 72% 270.9 0.6918 
  C/T 38 24% 269.7   
  T/T 6 4% 305.4   

3496 A/A  9 6% 106.6 0.02267 
  A/G 39 25% 161.4   
  G/G 108 69% 351.9   

3509 G/G 82 53% 402.6 <0.00018 
  G/T 57 37% 184.0   
  T/T 17 11% 48.87  

All Kruskal-Wallis tests.  

1-8 P values as determined by the Dunn’s multiple comparisons test 

1 14-pb      

del/del vs. ins/del 0.0238 
del/del vs. ins/ins <0.0001 
ins/del vs. ins/ins 0.0002 

2 +3003 C/T 
 

CC vs. CT >0.9999 
CC vs. TT 0.1330 
CT vs. TT 0.0950 

3 +3010 C/G     
 

CC vs. CG 0.0200 
CC vs. GG <0.0001 
CG vs. GG 0.0129 

4 +3142 C/G     
 

CC vs. CG 0.0286 
CC vs. GG <0.0001 
CG vs. GG 0.0018 

5 +3187 A/G     
 

AA vs. AG <0.0001 
AA vs. GG <0.0001 
AG vs. GG 0.1560 

6 +3196 C/G     
 

CC vs. CG 0.0011 
CC vs. GG <0.0001 
CG vs. GG 0.0019 

7 +3496 A/G     
 

AA vs. AG >0.9999 
AA vs. GG 0.1330 
AG vs. GG 0.0950 

8 +3509 T/G     
 

TT vs. GT 0.0019 
TT vs. GG <0.0001 
GT vs. GG 0.0020 
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Supplementary Table 4. HLA-G 3’UTR SNPs in RM samples and fertile controls. 

    RM   Fertile 
controls   

OR 
95% C.I. 

Sig.     (n=44)   (n=31)   Lower Upper 
14-bp 
indel Ins 27 61% 19 61%         

  Del/Del  17 39% 12 39% 1.268 0.472 3.401 0.638 

  Ins/del  19 43% 17 55% ref       

  Ins/Ins  8 18% 2 6% 3.579 0.666 19.241 0.137 

3003 C 14 32% 11 35%         

  C/C 4 9% 3 10% 0.889 0.179 4.404 0.885 

  C/T 10 23% 8 26% 0.833 0.281 2.474 0.743 

  T/T 30 68% 20 65% ref       

3010 C 30 68% 22 71%         

  C/C  14 32% 6 19% 2.333 0.716 7.601 0.160 

  C/G  16 36% 16 52% ref       

  G/G  14 32% 9 29% 1.556 0.525 4.612 0.426 

3027 A 3 7% 3 10%         

  A/A 0 0% 0 0% n.c.       

  A/C 3 7% 3 10% 0.683 0.128 3.631 0.655 

  C/C  41 93% 28 90% ref       

3035 T 8 18% 4 13%         

  C/C 36 82% 27 87% ref       

  C/T 8 18% 4 13% 1.500 0.409 5.503 0.541 

  T/T 0 0% 0 0% n.c.       

3142 C 30 68% 25 81%         

  C/C  11 25% 8 26% 1.230 0.401 3.776 0.717 

  C/G  19 43% 17 55% ref       

  G/G  14 32% 6 19% 2.088 0.655 6.652 0.213 

3187 G 19 43% 15 48%         

  A/A  25 57% 16 52% ref       

  A/G 15 34% 13 42% 0.738 0.279 1.952 0.541 

  G/G 4 9% 2 6%         

3196 G 22 50% 16 52%         

  C/C  22 50% 15 48% ref       

  C/G  17 39% 15 48% 0.773 0.297 2.009 0.597 

  G/G  5 11% 1 3% n.c.       

3422 T 15 34% 9 29%         

  C/C 29 66% 22 71% ref       

  C/T 13 30% 9 29% 1.096 0.397 3.022 0.860 

  T/T 2 5% 0 0% n.c.       

3496 A 14 32% 12 39%         

  A/A  4 9% 3 10% 0.844 0.170 4.197 0.836 

  A/G 10 23% 9 29% 0.704 0.242 2.048 0.519 

  G/G 30 68% 19 61% ref       

3509 T 22 50% 16 52%         

  G/G 22 50% 15 48% ref       

  G/T 17 39% 15 48% 0.773 0.297 2.009 0.597 

  T/T 5 11% 1 3% n.c.       
All univariate logistic regression analyses. Per HLA-G genotype the highest prevalence was defined 
as the reference group. If percentages in a group were below 5%, no calculations were performed. 
OR, odds ratio; 95% C.I., 95% confidence interval; n.c., not calculated; ref, reference group. 

 


