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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 polymor-
phisms 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 deter-
mined 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 < .0001). HLA-G genotype distribution and sHLA-G levels in SP were not signifi-
cantly different between the RM group (n = 44) and controls (n = 31). In conclusion,
seminal SHLA-G levels are associated with both singular SNPs and 3UTR 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.
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1 | INTRODUCTION

Semen contains various immunomodulatory factors, such as
chemokines and cytokines,' but also soluble human leukocyte
antigens (sHLA), which together can induce a local immune
response in an immune regulatory environment.” The presence
of seminal plasma (SP) in the female reproductive tract after
coitus can lead to an influx of immune cells, for example, the
number of CD14+4 macrophages and CDla + dendritic cells
were shown to be approximately 2-fold increased upon semen
exposure.” 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 protec-
tive effect of multiparity against preeclampsia.*® Additionally,
the length of unprotected sexual cohabitation affects the inci-
dence of pregnancy-induced hypertensive disorders,”® and oral
exposure to semen is correlated with a diminished occurrence
of preeclampsia.” Furthermore, preeclampsia occurs more fre-
quently in pregnancies induced by artificial insemination with
donor semen.” 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.'! Whereas HLA-G can inhibit the cyto-
toxic function of both natural killer (NK) cells and CD8* T
cells, it is also involved in the induction of immunoregulatory
antigen presenting cells and CD4™ T-cells.'*'* Furthermore,
the presence of SHLA-G has been shown to be beneficial for
the success rate of assisted reproduction techniques. '

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) insertion/deletion
(indel) polymorphism has shown to be associated with sHLA-G
levels in blood and semen. ' 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.'®!® Other SNPs,
such as 43003 T/C, 43010 G/C, +3027 C/A, and + 3035 C/T
have been proposed as potential miRNA binding sites,”® but
they have not been studied extensively in relation to sHLA-G
levels. At least eight polymorphisms together make up UTR
haplotypes.”’ UTR haplotypes containing the 14 bp deletion
(ie, UTR-1) are associated with high sHLA-G levels in blood
plasma, whereas those with the 14 bp insertion (ie, UTR-7) are
associated with low sHLA-G levels.*

Although several studies have demonstrated associations
between HLA-G 3'UTR polymorphic sites and sHLA-G

concentration, these were solely focused on sHLA-G concen-
trations in blood plasma.?? 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
HIA-G 3'UTR variation sites determining extensive haplo-
types. Low levels of HLA-G in women have been associated
with recurrent miscarriage (RM),**** 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.

2 | MATERIALS AND METHODS

2.1 | Study samples

Semen samples were obtained from 156 men visiting the repro-
ductive medicine clinic at the Leiden University Medical Cen-
ter (LUMC). Of these, 101 semen samples were obtained from
men visiting the in vitro fertilization (IVF) clinic. SP samples
were collected through 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 reproduc-
tive 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 4 hours after collection,
semen samples were centrifuged at 2000 rpm for 10 minutes,
sperm cells were discarded and aliquots of SP were stored
at —80°C.

2.2 | HLA-G genotype determination

HLA-G genotype determination has previously been
described.?® 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),
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+3035C > T (rs17179108), +3142C > G (rs1063320),
+3187A > G  (1s9380142), +3196C > G (rs1610696),

+3422C > T (rs17875408), +3496A > G (rs1233330), and
+ 3509G > T (rs1611139).

UTR haplotypes were composed based on the combination
of eight SNPs. Nomenclature was used according to Castelli
et al.*! 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 Nether-
lands). The forward primer (GTGATGGGCTGTTTAAAG
TGTCACC), the reverse primer (GACGTTGTAAAACGAC
GGCCAGTAGGGGAAGAGGTGTAGGGGTCTG), and the
M13 universal primer (GACGTTGTAAAACGACGGCC
AGT) were ordered from Sigma (St. Louis, Missouri). The
underlining represents the M 13 sequence.

2.3 | Soluble HLA-G determination

For sHLA-G determination, samples were thawed at room
temperature and centrifuged at 14 000 rpm for 4 minutes.
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 manufac-
turer's instructions. This ELISA specifically detects soluble
HLA-G1 and HLA-G5 in a f2-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 differ-
ent 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 Micro-
plate Reader and Microplate Manager 6 software (Hercules,
California). Calculations were performed 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 sam-
ples of interest. Results were expressed as units/mL.

2.4 | Statistical analysis

Statistical analyses were performed using GraphPad Prism
version 7.02 for Windows (GraphPad Software, California)
and SPSS Statistics 23 (IBM SPSS Software, New York).
Normality of distribution was examined with D'Agostino &
Pearson normality test. Differences between groups were
tested by Mann-Whitney U tests or )2 tests. P-values of <.05
were considered to indicate statistical significance.
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Spearman's correlation coefficient (r) was used to demon-
strate the relationship between the volume of the ejaculate
and the sHLA-G concentration. Distribution of genotype fre-
quencies 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 refer-
ence group. If percentages in a group were below 5%, no
calculations were performed. For the calculations on the
HIA-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. Adher-
ences of genotypic proportions to expectations under Hardy-
Weinberg equilibrium were tested separately for each SNP
using PyPop 0.7.0 software (California, USA).?

3 | RESULTS

3.1 | 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
(Table S1). When these HWE analyses were performed for
the three groups separately, only the IVF group did not fit
the HWE analysis for the +3010, whereas the other two
groups did (Table S2).

3.2 | 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 <.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 sam-
ples to determine sHLA-G concentrations (“missing” in Table 1).
The level of sSHLA-G was not influenced by the volume of the
ejaculate (Figure S2). Since with heterozygous 3'UTR haplo-
types combinations (diplotypes), it is unclear which haplotypes
has the most dominant influence on sHLA-G levels, we analyzed
homozygous samples. Homozygous haplotypes showed signifi-
cant differences between UTR-1, UTR-2, UTR-3, UTR-4, and
UTR-7 (P < .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 < .0001) and between UTR-
1 and UTR-4 (median: 132.4 units/mL; P = .0377) were signifi-
cantly different after correction for multiple comparisons.

To evaluate whether specific SNPs are involved in differ-
ences in SHLA-G levels per haplotype, we analyzed sHLA-G
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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
Table S3).

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 < .0001). Furthermore, individuals 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 43142
GG (median: 153.5 units/mL, P < .0001), +3196 GG
(median: 56.74 units/mL, P < .0001), +3010 CC (median:
182.9 units/mL, P = .0013), +3187 AA (median: 121.6
units/mL, P < .0001), +3496 AA (median: 81.39 units/mL,
P =.0095), and + 3509 TT genotypes (median: 56.74
units/mL, P < .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.

3.3 | 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 sepa-
rately. No differences in frequency for individual SNPs
(Table S4) or in haplotype distribution (Table 2) were found
between semen samples from the RM group and semen sam-
ples from controls. However, although not significant, the
frequency of the 14 bp ins/ins genotype, which was associ-
ated with low levels of sHLA-G, was three times higher in
the RM group than in controls (18% vs 6%, P = .137). The
median concentration of sSHLA-G was 269.7 units/mL in all
SP samples compared to 233.8 units/mL in SP samples from

Homozygote haplotypes
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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 < .0001). Dunn's post hoc test showed that sHLA-G
levels in UTR-1 and UTR-2 (P < .0001) and UTR-1 and UTR-4

(P = .0377) were significantly different after correcting for multiple
comparisons

TABLE 1 Soluble HLA-G in seminal

n Missing % Median Minimum Maximum

plasma per haplotype
UTR-1 93 13 26.4 639.4 93.0 4988.0
UTR-2 92 10 26.1 102.5 23.6 1799.1
UTR-3 43 7 12.2 255.9 62.6 2408.0
UTR-4 64 7 18.8 1324 23.0 3917.3
UTR-5 11 0 3.1 256.8 108.0 1838.8
UTR-6 2 0 0.6 1582.6 909.6 2255.6
UTR-7 23 2 6.5 159.0 58.2 1769.5
UTR-8 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%

Abbreviation: UTR, untranslated region; UTR-N, untranslated region new. The 3'UTR haplotype nomenclature is

consistent with publication by Castelli et al.
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FIGURE 2 The soluble HLA-G (sHLA-G) concentration in seminal plasma (SP) samples is associated with several SNPs of the 3'UTR part
HLA-G gene. The concentration of sHLA-G in SP 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

men with a history of RM and 297.3 units/mL in SP samples 4 | DISCUSSION

of healthy controls (Table 3). The levels of sHLA-G were

not significantly different between the RM group and con- In this study, we showed an association of sSHLA-G levels
trols (Figure S1). with HLA-G 3'UTR haplotypes, as well as with singular
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TABLE 2 HLA-G 3'UTR haplotype frequencies in determined (RM) semen samples and samples of fertile controls
RM (2n = 88) % Fertile controls (2n = 62) % OR Lower (95% CI) Upper (95% CI) P-value

UTR-1 23 26.1 17 274 0.937 0.450 1.950 .861
UTR-2 25 28.4 17 27.4 1.050 0.509 2.169 .894
UTR-3 12 13.6 8 12.9 1.066 0.408 2.784 .897
UTR-4 18 20.5 15 24.2 0.806 0.370 1.755 587
UTR-5 4 4.5 0 0 Inf. 0.000 Inf. .999
UTR-7 3 34 3 4.8 0.694 0.135 3.558 .662
UTR-N 3 34 2 32 1.059 0.172 6.531 951

Note: All univariate logistic regression analyses.

Abbreviations: CI, confidence interval; OR, odds ratio; UTR, untranslated region; UTR-N, untranslated region new.

The 3'UTR haplotype nomenclature is consistent with publication by Castelli et al.

TABLE 3 Soluble HLA-G levels in semen samples
All (n = 176) IVF (n = 101)

Missing 20 0

Median 269.67 271.38
Mean 546.93 600.59
SD 794.02 872.29
Minimum 23.03 23.03
Maximum 4988.79 4988.79

Abbreviations: IVF, in vitro fertilization; RM, recurrent miscarriage.

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 polymor-
phism, whereas the other two groups fit. Since the sam-
ples in this study group are not from healthy controls, this
could indicate that this SNP may play a role in concep-
tion, 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 catego-
rized as UTR-N. In line with previous data,”” UTR-1 and
UTR-2 were the most frequently observed haplotypes. We
reported the frequencies of 11 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 polymor-
phism of the 3’UTR of the HLA-G gene is the 14 bp indel
polymorphism, which has been associated with altered

RM (n = 44) Fertile controls (n = 11)
0 20
233.77 297.26
477.67 331.18
684.92 211.53
27.43 100.50
3917.29 851.32
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
the 14 bp
of sHLA-G in blood plasma and
serum.'®?%%% Tt 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.*

Other SNPs at the 3'UTR, which are associated with
HLA-G expression levels, are represented by the presence of
guanine in the position 43142, which increases the affinity
of specific miRNA for HLA-G mRNA, leading to decreased
HLA-G expression.'” Another SNP is represented by the
presence of an adenine at position +3187, decreasing the sta-
bility of HLA-G mRNA. "8 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 is theoretically the most suitable
to produce high HLA-G amounts, because it is the only
UTR that harbors the +3187 G allele, as well as the +3142
C and the 14 bp del. Indeed, in the present study UTR-1 was

association between insertion allele and

decreased levels
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clearly associated with higher levels of sHLA-G. UTR-2 and
UTR-7 both harbor 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 harbors
the 14 bp del and the +3142 C. It appears that the influence
of adenine at position 43187 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 con-
centrations 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 miscar-
riages 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 geno-
type plays a role in a proportion of the cases. Future studies
should look into the functions of sSHLA-G in SP and the con-
sequences of low or high levels on the chance to conceive.
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