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Review Article

Association of human leucocyte antigen
sharing with recurrent spontaneous

abortions

Abstract: An estimated 15% of clinically recognized pregnancies abort
spontaneously. Recurrent spontaneous abortion (RSA) is defined as three or
more consecutive miscarriages conceived with the same partner in the absence
of uterine, genetic or autoimmune abnormalities. Evidence points to human
leucocyte antigens (HLA) as playing a role in the successful development of the
foetus. In particular, HLA compatibility is more prevalent in couples
experiencing reproductive failure, especially RSA couples, compared to fertile
couples. According to the immunological hypothesis, an adequate immune
response is necessary for proper implantation of the embryo; conversely, a
depressed response of maternal lymphocytes to the stimulation by paternal
antigens because of HLA sharing can result in disorders, such as RSA. The
genetic hypothesis implicates homozygosity for recessive lethal alleles in
linkage disequilibrium with specific HLA haplotypes. The specificity of HLA
alleles or haplotypes responsible for or linked to other RSA susceptibility genes
remains unclear. In this study, we identified 40 observational studies (32 case-
control, five cohort, one cross-sectional, one case series and one basic science)
that examined the associations between HLA and RSA, focusing on HLA allele
couple and maternal-foetal sharing, and the special role of HLA-G. We sought to
identify consistent findings among studies examining similar questions.
Evidence remains divided concerning the role of HLA allele couple sharing. Of
major concern is the focus of many studies on couple sharing as a proxy
measure of maternal-foetal sharing. Therefore, adequately powered studies are
needed, which employ standard case definitions and reproducible methodologies
to directly assess the role of maternal-foetal HLA sharing on the risk of RSA.

Successful human reproduction requires the coexistence of mother
and foetus, two antigenically dissimilar beings (1, 2). Thus, under
ideal conditions, mothers do not reject their semiallogeneic foetuses,
despite differences in genetic makeup (3). In the 1950s, Medawar was
the first to address the unique immunology of the maternal-foetal
interface and its potential relevance to the field of transplantation (4).
Many studies, thereafter, have highlighted the important contribu-
tion of the placenta to immune tolerance (2, 5-8). The placenta is
recognized as the structure that provides oxygen and nutrition to the

developing foetus (5). In addition, placental trophoblasts act as an
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immunological barrier, capable of protecting the foetus from poten-
tial rejection by the maternal immune system, mainly through their
lack of expression of highly polymorphic HLA antigens (5, 7-11).

Recent studies have demonstrated that maternal recognition of
paternally derived foetal antigens occurs at the time of mating and
conception, as well as implantation and throughout pregnancy,
which may be beneficial for the establishment and maintenance of
gestation (7, 9, 12). Disruption of the maternal-foetal immune rela-
tionship is often implicated in the pathophysiology of pregnancy
complications, such as preeclampsia, eclampsia, intrauterine growth
retardation and recurrent foetal miscarriage (9, 13-15).

An estimated 15% of clinically recognized pregnancies abort spon-
taneously (16). Recurrent spontaneous abortions (RSA), wherein a
definite cause — genetic or environmental — cannot be established,
affects one in 400 couples (16). RSA is defined as the occurrence of
three or more consecutive aborted pregnancies conceived with the
same partner in the absence of uterine, genetic or autoimmune abnorm-
alities (16-20). A number of studies have distinguished three RSA
subgroups: (i) primary (three or more consecutive abortions and no
history of live births), (i) secondary (three or more consecutive abor-
tions after one live birth) and (iii) potential (two consecutive abortions)
aborters (16-18). In 30% of RSA patients, no demonstrable reason has
been identified (17, 20). In addition, the chances of a subsequent loss of
pregnancy in a woman who has suffered three or more such losses
previously have been reported to be more than 30% (16).

Current evidence suggests that human leucocyte antigen (HLA)
expression in tissues at the maternal—foetal interface almost certainly
plays a role in the successful development of the foetus (21). Accord-
ing to Thomas and co-workers, considerable evidence points to HLA
compatibility or sharing being more prevalent in couples experien-
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cing reproductive failure, especially RSA couples, compared to
couples having normal childbearing capabilities (17). It is presumed
that when the foetus expresses paternally derived HLA that is shared
with maternal HLA, the initial maternal immune response to foetal
antigens will be deficient (22). Therefore, HLA incompatibility
between mother and foetus, rather than histocompatibility as
hypothesized in earlier studies, appears to confer a selective advant-
age in terms of fertility and reproductive success (22-28).

Two distinct hypotheses have been advanced. According to the
immunological hypothesis, an adequate maternal immune response is
necessary for proper implantation; by contrast, a depressed response of
maternal lymphocytes to the stimulation by paternal antigens in cou-
ples can result in disorders, such as RSA (17). The genetic hypothesis
attributes reproductive failure to homozygosity for recessive lethal
alleles that are in linkage disequilibrium with specific HLA haplotypes
(17). Thus, sharing of HLA antigens may be just the detectable marker
for the segment of chromosome that carries these genes (17, 29) (Fig. 1).

Materials and methods

Using serological methods and genotyping, numerous observational
studies have examined the associations between classical or non-
classical HLA loci and the recurrence risk of spontaneous abortion,
focusing on HLA sharing (30). The current study is an update of a
qualitative review previously performed by Ober and van Der Ven
(30), which has summarized the results from 32 observational studies
on HLA couple sharing and unexplained primary or secondary RSA.
In this study, we re-examine the role of HLA couple sharing as well

as maternal-foetal sharing and the special role of HLA-G.

__________ A

! paternal antigens may lead to improper

|
. Inadequate maternal immune response against |
|
| implantation and survival of the embryo |

Fig. 1. Conceptual framework for the immuno-
logical and genetic hypotheses regarding the
effect of human leucocyte antigen (HLA) sharing
on recurrent spontaneous abortion (RSA).



A series of PUBMED searches were performed in order to identify all
relevant studies within the period (1975-2004) that contain MESH terms,
such as ‘major histocompatibility complex’, ‘human leucocyte antigen’
and ‘recurrent spontaneous abortion’ and cross-referenced studies were
obtained. A total of 42 studies were identified (17-20, 31-68). Of those,
two were later excluded (38, 48), because their main objective was
different from testing an effect of HLA on RSA. Nineteen of the selected
studies were not reviewed previously by Ober and van Der Ven (19, 20,
27, 30, 32, 36, 37, 39, 40, 49, 51, 57, 6063, 65-68). Of the 40 selected
studies, the vast majority had adopted a case-control design, five a cohort
approach (27, 32, 61, 64, 66), one was cross-sectional (19), another was a
case series (34) and one had a basic sciences (65) design. Most studies
reviewed in this study examined couple sharing (16-19, 27, 31-37, 39-42,
44-47, 49-57, 59-61), three were concerned with maternal-foetal sharing
of HLA genotype (19, 58, 59) and nine relatively recent studies examined
HLA-G characteristics (20, 60, 62-68) as potential risk factors for RSA.

A meta-analysis was performed among a subset of case-control
studies that tested the relationship between primary RSA and clas-
sical (class IA and IT) HLA couple sharing. Inclusion criteria for meta-
analysis were specified in order to select studies that were most
consistent in terms of outcome and exposure definitions. These
criteria were (i) case definition: three or more consecutive abortions
of unknown aetiology with the same partner and no previous live
births; (ii) control group selection: fertile couples; (iii) HLA sharing
assessment: compatibility between partners at HLA-A, HLA-B, HLA-
C, HLA-DR or HLA-DQ; (iv) effect size calculation: data are available
in a 2 x 2 table format for the computation of odds ratios (OR) and
95% confidence intervals (95% CI) for each HLA locus separately.

The effect of HLA-DQ allele sharing on RSA was reported in only
two of the selected studies (53, 59), prohibiting us from performing a
meta-analysis at this locus. In addition, some studies did not report
locus-specific allele sharing (16, 33, 36, 41, 43, 59), and were thereby
excluded from the meta-analysis. Of the 32 studies that examined HLA
couple sharing in the context of RSA, 13 met all inclusion criteria (31,
35, 37, 39, 40, 42, 44, 46, 47, 51-53, 55). The Q-statistic was used in
order to assess heterogeneity among the studies. Both fixed and
random effects Mantel-Haenszel OR and their 95% CI are reported.
Random effects estimates were used, if the Q-statistic was significant
(HLA-A and HLA-B) at an alpha level of 5%. Otherwise, fixed effects
estimates were deemed appropriate (HLA-C and HLA-DR) (69-71).

Results

HLA couple sharing

The interest in HLA couple sharing was fuelled by the belief that the

identification of the specific HLA locus associated with an increased
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RSA susceptibility may be helpful in targeting those couples that
would benefit from immunotherapeutic blood transfusions (72, 73).
Although the effectiveness of immunotherapy in treating RSA
remains controversial, the use of various forms of immunotherapy
has become widespread (73). A systematic review of 19 randomized
trials of various forms of immunotherapy (paternal cell immuniza-
tion, third-party donor leucocytes, trophoblast membranes and intra-
venous immune globulin) in women with three or more prior
miscarriages and no more than one live birth showed no significant
beneficial effect of such treatments over placebo in preventing further
miscarriages. Further research is needed in order to clarify the effect
or the lack of effect of specific immunotherapeutic treatments in the
RSA population.

Empirical evidence from 32 studies (16 positive and 16 negative)
does not implicate couple sharing at any one particular HLA locus or
allele as a significant risk marker for RSA. In fact, couple sharing at
the HLA-A (16, 31, 32, 34, 37, 39, 40, 53), HLA-B (16, 17, 31, 32, 34, 39,
40, 53, 61), HLA-C (61), HLA-DR (16-18, 34, 36, 41, 45, 53) and HLA-
DQ (18, 47, 53, 59) loci has been reported to be positively associated
with the risk of RSA. At least three studies identified couples at risk
of RSA, if they shared alleles at any of a number of HLA loci (16, 39,
53), and one reported an increased risk among couples who shared
the entire 16-loci HLA haplotype (61). By contrast, other studies
have failed to identify a relation between RSA and couple sharing
at HLA-A (17-19, 27, 33, 35, 36, 46, 49-52, 54, 55), HLA-B (18, 19, 27,
33, 35-37, 46, 49-52, 54, 55), HLA-C (18, 49, 54), HLA-DR (19, 27, 33,
35, 37, 46, 49-52, 54-56) or HLA-DQ (57) (Table 1).

Table 2 and Figs 2-5 present the results from a meta-analysis of 13
studies that met our inclusion criteria and assessed the impact of
couple sharing at HLA-A (31, 35, 37, 39, 40, 42, 44, 46, 47, 51-53),
HLA-B (31, 35, 37, 39, 40, 42, 44, 46, 47, 51-53), HLA-C (39, 42, 44, 47,
53) and HLA-DR (35, 37, 42, 44, 46, 47, 51, 53, 55) loci on primary
RSA. Q-values showed significant heterogeneity among the studies
of HLA-A and HLA-B, but not HLA-C and HLA-DR. Therefore, the
random effects summary OR is appropriate in the studies of couple
sharing at HLA-A and HLA-B, whereas the fixed effects summary
OR is used in meta-analyses of sharing at HLA-C and HLA-DR. The
pooled OR for the association of HLA-A with RSA risk was sugges-
tive of an increased risk, although it was not statistically significant
(OR =1.392, 95% CI = 0.945-2.049) (Fig. 2). Meta-analyses of sharing
at HLA-B and HLA-C on the risk of RSA showed essentially no
evidence of an effect (Figs3 and 4). Pooled analyses suggested a
significantly increased risk of RSA (OR=1.330, 95% CI=1.013-
1.748) among couples who shared at least one allele at the HLA-DR
locus (Fig.5).

According to Ober and van Der Ven’s qualitative review (30),
studies relating HLA couple sharing to RSA often varied on several
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yte antigen (HLA-A, HLA-B, HLA-C or HLA-DR) couple sharing on the risk of recurrent spontaneous abortion (RSA): a meta-analysis of

HLA-A® HLA-B® HLA-C® HLA-DR®

Sample Sample Sample Sample
Author size OR 95% Cl size OR 95% ClI size OR 95% Cl size OR 95% ClI
Gerencer et al. (31) 168  2.408 1.248-4.645 168  1.824 0.939-3.540 - - - - - -
Oksenberg et al. (35) 90  0.704 0.287-1.725 90  0.476 0.189-1.195 - - - 60  1.144 0.414-3.166
Schacter et al. (37) 412 1.910 1.211-3.014 412  1.644 0.911-2.965 - - - 300 1.611 0.914-2.840
Bolis et al (39) 56  9.750 1.927-49.333 56  2.179 0.624-7.611 56 7.364 0.824-65.833 - - -
Casciani et al. (40) 41 2946 0.821-10.580 41  0.260 0.0590-1.152 - - - - - -
Vanoli et al. (42) 113 1.354 0.635-2.884 107  1.303 0.530-3.203 51 1.778 0.320-9.885 50  5.120 0.584-44.9101
Takakuwa et al. (44) 31 0.167 0.0173-1.602 31  1.571 0.242-10.217 31 0.600 0.119-3.032 31  8.667 1.662-45.208
Cauchi et al. (46) 146 0.541 0.265-1.107 146  0.303 0.128-0.716 - - - 146  1.632 0.806-3.302
Johnson et al. (47) 131 0.982 0.486-1.985 131  2.160 1.000-4.667 98 0.846 0.383-1.871 98  1.090 0.453-2.623
Christiansen et al. (52) 89  0.750 0.313-1.797 89  0.947 0.379-2.367 - - - - - -
Balasch et al. (51) 114  1.677 0.786-3.581 114  0.621 0.283-1.363 - - - 114  1.074 0.512-2.255
Ho et al. (53) 142 2429 1.174-5.022 142  0.947 0.438-2.048 142 1.146 0.562-2.337 142  1.642 0.810-3.329
Eroglu et al. (55) - - - - - - - - - 120  0.500 0.229-1.091
Fixed effects 1533  1.441 1.161-1.788 1527 1.046 0.825-1.327 378 1.150 0.727-1.819 1061  1.330 1.013-1.748
Random effects 1533  1.392 0.945-2.049 1527 0.992 0.668-1.475 378 1.105 0.674-1.813 1061  1.366 0.921-2.026

2Qvalue =28.945; d.f.=11; P=0.00231.
bQvalue = 26.037; d.f.=11; P=0.00641.
°Qvalue =4.201; d.f.=4; P=0.37947.
"Qvalue =14.186; d.f.=8; P=0.07704.

Table2

methodological issues, such as case definition, the locus or the com-
bination of loci examined and tissue typing methods, all of which
might account for the inconsistent findings among these studies. In
addition, many of these studies were plagued by small sample sizes.
Of major concern, however, is the focus of most studies on couple
sharing, which does not directly address foetal histocompatibility,
because couple sharing of one antigen at a locus will produce both
maternal compatible and incompatible foetuses at relatively equal

frequencies (30).

HLA maternal-foetal sharing

Despite the fact that sharing of HLA alleles between mother and
foetus is the primary exposure of interest for which couple sharing is
merely a proxy measure, very few studies have directly assessed
maternal—foetal HLA sharing as a predictor of RSA (19, 58, 59). A
case series by Kilpatrick and Liston reported an increased incidence
of RSA in women who shared HLA-A, HLA-B or HLA-DR alleles
with their offspring (19). It is worth noting that the latter study found
no significant association between RSA and couple sharing of HLA

HLA-A
Effect Lower Upper N total P-value 0.1 02 05 1 2 5 10 Reference
1.677 0.786 3.581 114 0.180 18— Balasch et al. (51)
9.750  1.927 49.333 56 0.002 —4 Bolisetal. (39)
2946 0.821 10.580 41 0.093 =3 Casciani et al. (40)
0.541 0.265 1.107 146  0.091 —8— Cauchi et al. (46)
0.750  0.313 1.797 89 0518 —a— Christiansen et al. (52)
. . 2.408 1.248 4.645 168  0.008 —8— Gerencer et al. (31)
Fig. 2. Meta-analysis of recurrent spontaneous 2429 1175 5022 142 0015 —_— Ho et al. (53)
abortion (RSA) and human leucocyte antigen-A 0982 048 1985 131 0.961 — Johnson et al. (47)
(HLA-A) sharing. Effect = odds ratio (OR) estimate; 0.704 0287 1725 90 0.442 —a1— Oksenberg et al. (35)
lower = lower limit of 95% confidence interval (95% (l)?ég (1)3},1/ ?2(1)‘2‘ 45 88(9)2 = _?C]}za;ter et ‘;1-1(3(1)4 )
.. . A . . aKakuwa et al.
€D for OR; upper = upper limit of 95% CI for OR; N 1354  0.635 2884 113 0432 —e— Vanoli et al. (42)
total = total sample size; P-value = significance of OR Fixed 1441 1.161 1788 1533 0.001 —_
estimate. Random 1.392 0945  2.049 1533 0.094 —
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HLA-B

Effect Lower Upper N total P-value Reference 0.1 02 05 1 2 5 10

0.621 0.283 1.363 114 0.233 Balaschetal. (51) a1

2.179 0.624 17.611 56 0.217 Bolis et al. (39) e = e

0.260 0.059 1.152 41 0.067 Casciani et al. (40)

0.303 0.128 0.716 146 0.005 Cauchi et al. (46) —_—

0.947 0379 2367 89 0.908 Christiansen et al. (52) —a—

1.824 0.939 3.540 168 0.074 Gerencer et al. (31) —=— . .

0047 0438 2048 142 0.889 Hoetal. (53) . Fig. 3 Meta-analysis of recurrent sponta}neous

2161 1.000 4.667 131 0.048 Johnson et al. (47) S abortion (RSA) and human leucocyte antigen-B

0476 0.189 1.195 90 0.111 Oksenberg et al. (35) —8— (HLA-B) sharing. Effect = odds ratio (OR) estimate;

1'2‘7“]‘ 82‘1‘; lg-g?g 4;? 8-‘6)(3)2 icﬁa;‘er et al'1(3(1)4) T lower = lower limit of 95% confidence interval (95%

. . . . akakuwa et al. L
. — o, .

1303 0.530 3203 107 0.563 Vanolietal. (42) —e CI) for OR; upper = upper limit of 95% CI for OR; N
Fixed 1.046 0.825 1.327 1527 0.710 - total = total sample size; P-value = significance of OR
Random 0.992 0.668 1475 1527 0.970 — estimate.
HLA-C

Effect Lower Upper N total P-value 0.1 0.2 05 1 2 5 10 Reference Fig. 4 Meta-analysis of recurrent sponta‘neous

7364 0.824 65833 56 0.043 Bolis et al. (39) abortion (RSA) and human leucocyte antigen-C

1.146 0562 2337 142 0.708 Ho et al. (53) (HLA-C) sharing. Effect = odds ratio (OR) estimate;

8238 gﬁg ;gg 2213 822(5) {rO}llnls:m et at]' 54(724) lower = lower limit of 95% confidence interval (95%

. . B . = akakuwa et al. .

1778 0320 9885 51  0.507 Vanoli et al. (42) CD) for OR; upper = upper limit of 95% CI for OR; N
Fixed 1.150 0.727 1.819 378 0.551 —_— total = total sample size; P-value = significance of OR
Random 1.105 0.674 1813 378  0.692 —— estimate.

alleles (19). On the other hand, Laitinen and co-workers (58) reported
no association between RSA and foetal-maternal sharing at the
HLA-DQ locus. Finally, Ober and co-workers reported a non-
significant deficit of aborted foetuses and a significant deficit of
liveborn children who were compatible at the HLA-DQA1 locus
(59). The authors suggest that this deficit of HLA-DQA1 compatible
foetuses after nearly 8-week gestation may show that HLA-DQA1
compatible foetuses are aborted early in pregnancy, before the time

when foetal tissue can be recovered for genetic studies (59) (Table 3).

HLA-G characteristics

The HLA-G gene, primarily expressed in placental cells that invade the
maternal decidua during pregnancy, encodes multiple isoforms that
fulfil a variety of functions at the maternal—foetal interface throughout
pregnancy (66). The effect of HLA-G expression, polymorphism or
sharing on the risk of RSA and related pathologies of pregnancy was

reported by eight studies. Of those, one study found an inverse associ-
ation between RSA risk and HLA-G expression (65), whereas five
studies implicated HLA-G polymorphism as a risk factor for RSA (20,
64, 66-68). Two studies hypothesized that HLA-G couple sharing was a
determinant of RSA, but found no significant association (60, 67).

A Finnish study was performed among 38 RSA couples and 26
random fertile couples in order to investigate an association between
HLA-G locus and habitual abortion (60). Results showed that paren-
tal sharing of HLA-G, extended HLA-G/A haplotypes and frequen-
cies of HLA-G alleles were similar within the two groups (60). In a
Hungarian study of HLA-G polymorphism and the risk of RSA, 21
RSA couples were compared to 72 randomly selected healthy people
(62). Three HLA-G alleles were identified (HLA-G*01011, HLA-
G*01003 and HLA-G*01013) (62). However, the results showed no
significant difference in the allele frequencies between patient and
control groups (62). Yamashita and co-workers performed a case-

control study in order to clarify whether there is a difference in the

Fig. 5. Meta-analysis of recurrent spontaneous
abortion (RSA) and human leucocyte antigen-
DR (HLA-DR) sharing. Effect=odds ratio (OR)
estimate; lower =lower limit of 95% confidence
interval (95% CI) for OR; upper=upper limit of
95% CI for OR; N total =total sample size;
P-value = significance of OR estimate.

HLA-DR
Effect Lower Upper N total P-value 0.1 0.2 05 1 2 5 10 Reference
1.074 0.512 2255 114 0.850 —— Balasch et al. (51)
1.632  0.806 3.302 146  0.172 -8 Cauchi et al. (46)
0.500 0.229 1.091 120 0.079 —a—T Eroglu et al. (55)
1.642 0.810 3.329 142 0.167 -8 Ho et al. (53)
1.090 0.453 2.623 98 0.848 Johnson et al. (47)
1.144 0414 3.166 60 0.795 :E Oksenberg et al. (35)
1.611 0914 2840 300 0.097 +—B8— Schacter et al. (37)
8.667 1.661 45.208 31 0.007 E—— Takakuwa et al. (44)
5.120 0.584 44910 50  0.109 Vanoli et al. (42)

Fixed 1.330 1.013 1.748 1061 0.040 ——

Random 1.366 0.921 2.026 1061 0.121 T—
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Classical human leucocyte antigen (HLA) maternal-foetal sharing and the risk of recurrent spontaneous abortion (RSA): empirical evidence®

Study findings

Maternal-foetal sharing  Study design Patients Controls HLA biomarker + ND -
Kilpatrick and Liston (19) Cross-sectional 36 RSA mother, father, baby triads - A, B, DR A, B, DR - -
(birthweight)
Laitinen et al. (58) Case-control 35 primary RSA triads 40 randomly selected DRB, DQA, - DQ -
15 secondary RSA triads Finnish families DQB, DPA
Ober et al. (59) Case-control 40 abortuses 31 liveborn children DQA1, DQB1 - DQA1, DQB1 -

(RSA couples who had

undergone leucocyte immunization)

(RSA couples who had

undergone leucocyte immunization)

RSA = Recurrent spontaneous abortion; ND, no difference between patients and controls; +: higher among patients; —: higher among controls.

Table3

allele frequency of HLA-G among 20 RSA couples vs 54 healthy
couples (63). The results suggested that the frequency of each allele
in the affected women and their husbands did not significantly differ
from that of the healthy people (63). Pfeiffer and co-workers studied
78 RSA women and 52 normal fertile controls. The results showed
that HLA-G allele frequencies in women who had suffered five or
more RSA differed significantly from those in fertile controls and in
women who had undergone three or four RSA (20). In addition, there
was a significantly higher frequency of HLA-G alleles — HLA-
G*01013 and HLA-G*0105N — among all RSA women vs the fertile
controls (20). The effects of seven HLA-G polymorphisms on the risk
of subsequent miscarriage were analysed by Aldrich and co-workers
(64) among 113 couples with unexplained RSA. The presence of
an HLA-G*0104 or HLA-G*0105N allele in either partner was sig-
nificantly associated with an increased risk for miscarriage, after
adjustment for maternal age, the number of previous miscarriages,
history of a previous birth and treatment with paternal mononuclear
cells (64). In a recent study by Hviid and co-workers, 61 RSA
couples and 47 fertile controls were genotyped for specific HLA-G
polymorphisms. Although no statistically significant differences
were observed in the distribution of HLA-G alleles between the
study groups, 15% of RSA women carried HLA-G*0106 allele, com-
pared to only 2% of control women (67). These data did not support
HLA-G histocompatibility as a determinant of RSA (67). Emmer and
co-workers showed that, in contrast to normal pregnancy tissue, recur-
rent miscarriage tissue had sustained natural Killer cell marker expres-
sion paralleled by the decreased expression of HLA-G (65). Recently,
Ober and co-workers found a wide variation in HLA-G promoter
region, which is likely to influence miscarriage rates (66). Finally, in
a case-control study by Hviid and co-workers, a 14-bp deletion/inser-
tion HLA-G polymorphism was significantly associated with infertility
measured as unsuccessful i vitro fertilization (IVF) as well as RSA
(68) (Table4).

Despite the diverse properties and functions attributed to HLA-G,
which may prevent maternal rejection of the foetal allograft, the
number of published studies is at the moment very small, and thus

no definitive conclusions can be drawn.

Discussion

In this study, we have highlighted some of the major issues and
findings of studies that attempt to relate HLA characteristics to
adverse pregnancy outcomes, specifically RSA. In the process, we
sought to identify some consistencies among similar studies. Diffi-
culties arise when trying to evaluate and compare studies that (i) test
a wide range of hypotheses, (i1) adopt various classifications for the
same disease (primary vs secondary; unexplained vs explained RSA),
(iii) use various control groups, including normal fertile women and
couples, unrelated patients or people from the general population, (iv)
examine various HLA loci as biomarkers of interest, (v) perform
various laboratory techniques for HLA typing, (vi) use various
methods of statistical analysis and (vii) fail to adjust for potentially
confounding factors (74).

Empirical evidence appears to be ambiguous as to whether one or
several specific HLA alleles may be involved in the pathogenesis of
RSA. Moreover, it is not clear whether these HLA antigens are
themselves the susceptibility factors or are linked to other genes
that are the main causative agents for the onset of RSA.

On the other hand, the vast majority of studies that focused on
HLA sharing were mainly concerned with couple sharing as a proxy
of foetal-maternal sharing. Studies examining the association of
HLA couple sharing with the risk of RSA have yielded inconsistent
results, in terms of whether or not couple sharing is significantly
related to the outcome of interest and which particular HLA genes
may be responsible. Our meta-analysis of selected case-control

studies suggested a slightly increased and significant risk of RSA
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Human leucocyte antigen-G (HLA-G) characteristics and the risk of recurrent spontaneous abortion (RSA): empirical evidence®

Study findings

HLA characteristic Study design Patients Controls biomarker  + ND -
HLA-G expression/polymorphism
Karhukorpi et al. (60) Case-control 38 RSA couples 26 random fertile couples G - G -
(alleles, extended
G/A haplotypes)
Penzes et al. (62) Case-control 21 RSA couples 72 normal couples G - *01011, -
*01013
Yamashita et al. (63) Case-control 20 RSA couples 54 normal couples G - G*01011 -
G*01012
G*01013
G*0104
Aldrich et al. (64) Cohort 113 RSA couples - G G*0104 - -
G*0105N
Pfeiffer et al. (20) Case-control 78 RSA women 52 normotensive women G G*01013, - -
(>5 abortions; G*0105N
>3 abortions)
Emmer et al. (65) Basic Science 9 RSA tissue sections 11 non-RSA tissue sections G Low HLA-G - -
expression
Hviid et al. (67) Case-control 61 RSA couples 47 non-RSA couples G G*0106 - -
Ober et al. (66) Cohort 42 Hutterite women - G Promoter region SNP - -
(15-year)
Hviid et al. (68) Case-control 29 IVF, 61 93 fertile women G 14-bp deletion/insertion - -
RSA women in exon 8 of HLA-G
HLA-G sharing
Karhukorpi et al. (60) Case-control 38 RSA couples 26 normal couples G - G -
(alleles, extended
G/A haplotypes)
Hviid et al. (67) Case-control 61 RSA couples 47 non-RSA couples G - G -

RSA, recurrent spontaneous abortion; ND, no difference between patients and controls; +: higher among patients; —: higher among controls.

Table 4

among couples who shared at least one allele at the HLA-DR locus,
but not at other HLA loci.

The genes controlling virtually all immune responses in humans are
situated in the HLA complex, a tightly linked region on chromosome 6,
which also contains many non-HLA ‘passenger’ genes, including
tumour necrosis factor-o. (TNF-o) and other Thl and Th2 cytokines,
which have been associated with pregnancy complications, such as
preeclampsia (75, 76). It was postulated that in normal pregnancy, the
ratio of Th1 (pro-inflammatory T-helper) to Th2 (suppressor T-helper)
cells is shifted towards the suppressor phenotypes (77), which is
believed to facilitate immune tolerance. Whereas Thl cells function
in allograft rejection and secrete pro-inflammatory cytokines — such as

132 Tissue Antigens 2005: 65: 123-135

TNF-0, interleukin-2 (IL-2) and INF-y — Th2 cells induce antibody
production and synthesize suppressor cytokines — such as IL-4, IL-5,
IL-6 and IL-10 (78). Recent studies have showed that Thl cytokines
predominate in pregnancies complicated by preeclampsia and RSA,
possibly accounting for the poor placentation common to both condi-
tions (77, 79). This makes us question whether or not any particular
HLA allele is, in fact, playing a direct role in the pathogenesis of
pregnancy disorders, or whether it is merely an indicator of other
linked genes (e.g., TNF-o) embedded in the HLA haplotype.

Further epidemiological research is needed in order to clarify the
role of HLA antigens that may be either responsible for or linked to
other genes that increase the risk of RSA and other adverse outcomes



of pregnancy. Adequately powered studies that employ larger sam-
ple sizes, standard case definitions and reproducible methodologies
should be adopted for comparative purposes. Some ethical, cultural
and logistical barriers need to be overcome in order to facilitate the

implementation of maternal-paternal-foetal triad studies in the
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