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1. ABSTRACT

Increased parental Human Leukocyte Antigen
(HLA) sharing has been repeatedly reported in recurrent
spontaneous abortions (RSA). Parental HLA sharing
increases the chance of feto-maternal histocompatibility
and potentialy affects maternal allo-recognition of the
fetus. However, strong linkage disequilibrium across the
whole Major Histocompatibility Complex (MHC) region
makes it difficult to interpret parental HLA sharing
conclusively. It is not known whether the shared HLA gene
as such or an unknown gene(s) in linkage disequilibrium or
a combination of severa loci are causing the disease.
Interestingly, in mouse and rat MHC-linked, recessive
genes are known to control the reproduction, development
and growth of the fetus. Human analogs have not been
identified. Compared to HLA genes, MHC Class Ill has
been studied much less in RSA. However, there are some
observations of an increased number of unexpressed
complement C4 aleles in RSA spouses. Complement C4
genes are located in a chromosomal region characterized by
extremely high gene density and frequent gene
rearrangements. C4 “null” aleles can act as markers of
gene rearrangements in Class |11 unfavorable for pregnancy
outcome. Many of the novel genes located in this region by
sequencing serve as new candidates for RSA, since they
have housekeeping functions and some of them are highly
expressed in human reproductive organs.

2. INTRODUCTION

Recurrent  spontaneous abortions (RSA) are
defined as a clinical condition in which consecutive (>3)
miscarriages occur in early pregnancy without evidence of
anatomical abnormalities of female genital tract, maternal
autoimmune or endocrinological disease, or parental
chromosomal  abnormalities. According to frequency
estimations, RSA affects approximately one percent of
couples (10). Primary RSA occurs in couples with no
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children, and secondary RSA in couples with child(ren)
before the episode of abortions.

It is likely that some of the pregnancy related
disorders are caused by a failure in maternal immune
tolerance towards semi-allogenic fetus. Traditionally, the
pregnancy has been compared to alogenic organ
transplantation. Lately it has become obvious that the outer
cell layers of placenta do not express class | HLA-A and -B
or class Il HLA-DR, HLA-DQ antigens (1, 2). However,
cytotrophoblasts may express HLA-C (3) and they do
express class | related HLA-G antigen (4, reviewed in 5).
Differences in the expression patterns of placental HLA
antigens may be the main reason why a semi-allogenic
fetus can escape materna regjection. HLA-G shows only
few alelic variants (and thus, is less antigenic for the
mother) in contrast to HLA-A and —B antigens (6) and the
amino acid changes are not essential for antigen binding
and T-cel recognition (7). However, it is believed that
HLA-G can e€licit materna allogenic response. In a
successful pregnancy the balance between placental HLA-
G and soluble HLA-G can be critical. Soluble HLA-G
antigens can protect fetal tissues against maternal natural
killer (NK) cell and allo-reactive T cell attacks. Since
placenta is missing classical antigen presenting molecules,
HLA-G may have an important role in the protection
against infections in utero (8). Recent findings show that
HLA-G can aso regulate HLA-E expression and
angiogenesis in embryogenesis or placental development.
Both innate and specific immunity are present at the
maternal-fetal interface (9). Because of the relatively
suppressed adaptive immunity, innate immunity is highly
activated with an increased number of mono- and
granulocytes and increased production of cytokines and
complement factors. Innate immunity is important in
maternal defense against infections, but has to become
compromised not to damage the fetus. Obviously, maternal
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recognition of the fetus occurs and is needed for successful
pregnancy, but the harmony between advantageous and
disadvantageous allo-recognition is delicate and can be
disturbed at many levels.

Many studies have reported that RSA s
associated with some HLA antigens and/or with increased
HLA sharing between the spouses (reviewed in 11 and 12).
The earlier studies have been done using HLA serological
typing methods and more recently, DNA based typing
methods. It has also been reported that children born later
to RSA couples have smaller birth weight than children in
the families with no history of RSA (13). In RSA, both
direct immunological and genetic factors can be of great
importance, and therefore these HLA sharing studies can be
interpreted in two different ways. Firstly, parental HLA
sharing increases the chance of feto-maternd
histocompatibility that can influence maternal alo-
recognition of the fetus, and thus induce the growth of
placenta and fetus via an immune-endocrinological
pathway. In case of an HLA association, some of fetuses
may be able to raise only weak/too strong maternal allo-
recognition, or some pregnant women may act as low
responders/high responders in alo-recognition during the
pregnancy, or maybe the combination of these two that is
important (14). However, HLA sharing has not been found
in al of the studies and in most of the studies, sharing is
rather weak. Furthermore, HLA genes associated with RSA
differ from study to study, and so far, there is no evidence
of HLA-G or -E (the only HLA antigens in immediate
contact with maternal tissues) alele associations in RSA
(15, 16). Secondly, the results can be interpreted based on
specia features of MHC genetics combined with the data
of reproduction deficiencies in rodent models. Since
significant linkage disequilibrium occurs across the whole
MHC region (=specific alele combinations are favored
throughout the region), HLA associations may merely
reflect the presence of other than HLA genes involved in
reproduction. The most frequently studied antigens are
HLA-A, -B, -DR, and -DQ, giving a clue that genes
responsible for reproductive defects may be mapped to the
HLA-B to HLA-DR region rather than anywhere else in
MHC (17). A genetic model is further supported by the
finding that RSA has an increased familia risk (18). In rat
(gre=growth and reproduction complex) and in mouse (t-
complex and Ped locus) conserved regions containing
recessive genes involved in fertility, growth, developmental
defects and susceptibility to cancer have been identified
(19). Based on locdlization and functional similarities,
HLA-G was thought to represent the human analog to the
mouse Qa2 antigen encoded by the Ped locus. However,
according to more recent reports the human Ped gene is
presumably HLA-G-linked, but distinct from it.
Noteworthy structural homologies could not be found
between the rat grc region and human MHC by
hybridization suggesting that either the human grc does not
exist MHC-linked or its structural homology with rat is
rather low (20, 21). Interestingly, recent transfection
studies of individual grc genes in rat suggest that the
changes in conformation of DNA (22), and thus the
presence of large deletions, may be more critical than the
functions of a single gene for defects in reproduction and
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embryonal development. In human, similar extended
effects of the changed DNA 3D structure have been
previously described in the regulation of various globin
genes.

3. ORGANIZATION OF MHC CLASSIII GENES

At least 70 out of about 200 MHC genes or gene
fragments are localized in MHC class Il (1.1 Mb) in
between classes Il and | (Figure 1A and 1B). By
sequencing the number of novel genes increased rapidly,
many of them remain, however, yet functionaly
uncharacterized (23). It is well known that class Il genes
are associated with many immunerelated diseases.
However, it does not exclude the possibility that
susceptibility alleles may also be found simultaneously in
class Il and class | regions. Despite numerous studies on
HLA genes in RSA, much less is known about class |11
genes in RSA. In class Ill, genes with putative immune
functions have been mapped throughout the region. Many
of them are expressed by a number of immune cells and
belong to clusters of related genes (24). MHC class | chain-
related MICA and MICB are closely related genes. MICA
is expressed on the surface of epithelial and endothelial
cells as a ligand for gamma/delta T cells and may
contribute to the development of coeliac disease (25, 26).
MICA is aso a stress protein and has functions that are
related to those of heat shock genes HSP70-1, -2, and —
HOM. Some genes, such as I|kB-Like and HLA-B
associated transcript 1 (BAT1), regulate transcription of
cytokine genes. Cytokines Tumor Necrosis Factor (TNF),
Lymphotoxin-A (LTA) and Lymphotoxin-B (LTB) are
involved in pro-inflammatory response (reviewed in 24)
(Figure 1B). It has been reported that patients with repeated
miscarriages have shown higher serum TNF-a levels
compared to those with a successful pregnancy (27).

In the centromeric end of class Il are located
genes for complement proteins C4, factor B and C2. The
region shows considerable amount of variation in gene
numbers, sizes, and alele polymorphism. The size of the
gene cluster can vary from 142 to 214 kb depending on the
number of deletions or duplications frequently found in this
region (reviewed in 28). Duplicated C4 genes, C4A and
C4B, and the partially duplicated serine/threonine kinase
genes, RP1 and RP2, steroid 21-hydroxylase genes,
CYP21A and CYP21B, and tenascin-X genes, TNXA and
TNXB, are arranged in the order of 5'-RP1-C4A-CY P21A-
TNXA-RP2-C4B-CY P21B-TNXB-3'. Extensive molecular
biological studies have established that these four genes
arranged in tandem, RP-C4-CYP21-TNX, form a genetic
unit (RCCX module) (Figure 1C). The number of modules
can vary, bimodular haplotype, however, is the most
frequent. Deletions and duplications of the C4 genes are
accompanied by deletions and duplications in the
neighboring RCCX genes (29). The intergenic region
between C4A and C4B contains the pseudogene CY P21A
and the truncated sequences of TNXA and RP2 form a
hybrid structure, resulting from the fusion of the 3’ regions
of the RP1L and TNXB genes (30). The functional
consequences of gene arrangements in this region are not
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known. The 30 kb genomic region between the RCCX
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Figure 1. The map of HLA genesin MHC in the chromosome 6p21 (A), some of the Class 111 genes (B), genes in complement
C4 cluster (C), and exon-intron structure of complement C4A gene (D). A black dot in RCCX modules indicates an overlap of

the neighboring genes (29). The genes putatively involved in RSA are shown with an asterisk.

module and factor B carries three novel genes: DOM3Z, SKI2W in a head-to-head orientation with a very short
Superkiller viralicidic activity 2 (SKI2W), and RNA intergenic distance of 171 bp. Also the next two genes
binding protein (RD) (Figure 1C). RD is located only 205 downstream, DOM3Z and RP1, form a similar head-to-
bp downstream of the factor B gene and is arranged with head gene complex (31).
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4. CLASSIII COMPLEMENT GENE CLUSTER

C2 (OMIM#21.7000, hitp:/Avww.ncoi. imnihgov/Ominy),
factor B (OMIM#138470), C4A (OMIM#120810), and
C4B (OMIM#120820) are important humoral components
of innate immune system, forming the complement C3 and
C5 convertases (Figure 1). C2 and factor B are structural
homologs of genes encoding serine proteases. They share a
domain related to the von Willebrand factor type A that
may function as an adhesion target to collagen during
inflammation. C2 contains a composite retroposon SVA
with a SINE element, multiple intragenic tandem repeats
and an Alu element (32-34). C4 proteins function in defense
against infectious agents and they are involved in the
elimination of immune complexes. C4 is complex both at
the protein and at the gene level (35, 36). C4A and C4B
express together more than 40 alotypes with different
functional activities. It is well documented that the C4
deficiencies are associated with many autoimmune
diseases. This may relate to immune complex clearance and
to self-tolerance maintained by negative selection of self-
reactive B cells (37). The activation peptide of C4 may
inhibit inflammation by preventing the infiltration of
monocytes to the site of lesion (38), suggesting that C4 has
distinct roles in immunological defence. In the RCCX
module, usualy the C4 gene in locus | encodes for C4A
and in locus Il for C4B. However, many chromosomes
contain only C4B genes (16-19%) or C4A genes (10-15%)
and some have three (1-2%) or even four C4 genes (two for
C4A and two for C4B). C4 genes show dichotomous size
variation mediated by an endogenous retrovirus, HERV-
K(C4) in intron 9 of the C4A and C4B genes (39) (Figure
1D). HERV-K(C4) is organized in the opposite
transcriptional  orientation in relation to C4 and may
produce the antisense proviral RNA during transcription of
the C4 gene and therefore produce a neutralizing agent to
inhibit retroviral proliferation. CYP21A and CYP21B
(OMIM#201910) have been mapped downstream of the
complement C4 genes (40, 41). CYP21B is a functional
gene and is transcribed in the adrenal cortex, whereas
CYP21A is apseudogene as a consequence of an eight base
pair deletion. The steroid 21-hydroxylase enzyme regul ates
mineralocorticoid and glucocorticoid biosynthesis. A
deletion or mutation of the CY P21B gene causes congenital
adrenal hyperplasia (42). Tenascin genes encode
extracellular matrix proteins. TNXB (OMIM#600985) has
both its 5" and 3' ends buried in the flanking genes. TNXA
(OMIM#600261) contains a gene segment from intron 32
to exon 45 of TNXB. It has a 120 bp deletion at exon 36
and intron 36 resulting in the premature termination of
trandation by a frame shift mutation. The large hexameric
TNXB proteins contain eighteen epidermal growth factor
repeats, thirty-two fibronectin type Il repeats and a
fibrinogen domain (43). As an embryonic protein TNXB
has strongest expression in fetal adrenal cortex, testis and
muscle as well as in developing connective tissue
participating in tissue cell migration. Tenascin-like proteins
are assumed to play a part in tumor metastasis. TNXB
deficiency is associated with the Ehlers-Danlos syndrome,
an inherited connective tissue disorder producing
hyperextensible and friable tissues (44). The genomic
segment with C4, CYP21 and TNX genes have an
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extraordinary and intriguing feature: each of these genes
show adrenal expression of smaller transcripts with still
unknown functions (45).

The RP2 gene contains the last two and a half
exons of RP1. The RP1 gene has nine exons and in intron 4
both Alu elements and a composite retroposon similar to
that in C2 located 20 kb upstream of RP1. The deduced
amino acid sequence suggests that RP1 codes for a nuclear
protein functionally related to a serine/threonine kinase (31,
46). RP1 (GenBank accession number L26260) and
DOM3Z (GenBank accession number AF059252) genes
have 5 regulatory regions probably overlapping to some
extent. They both show multiple transcripts in many
tissues, with higest expression levels in reproductive tissues
and pancreas. The function of the DOM3Z gene is
unknown but homologous genes have been detected both in
the genomes of the yeast and the nematode Caenorhabditis
elegans (47). In C. elegans, the function of the DOM3 gene
may be related to those of the upstream the MES-3 gene
encoding for a materna effect component required for the
normal postembryonic development of the germ line. Both
the genomic and mMRNA structures of the SKI2W
(OMIM#600478) and RD (OMIM#154040) genes have
been resolved and reviewed by Yu et al. (31). SKI2W
encoded proteins are localized in the nucleoli and
cytoplasmic polysomes indicating fundamental
involvement in RNA turnover (48). Also the putative RD
gene product has a potential to bind RNA molecules. These
four human genes RP1, DOM3Z, SKI12W and RD form an
intriguing complex of related genes showing similar
genomic motifs and their importance in reproductive
diseases and in autoimmunity will be of interest.

5. CLASS Il COMPLEMENT GENES IN
RECURRENT SPONTANEOUS ABORTIONS

During the last years a number of novel class Il
genes have been identified. Based on their sequence
homologies, expression patterns and functions known so
far, they can be considered potentia candidates in
pregnancy related diseases. A exceptionally high density of
genes, a great number of highly polymorphic genes,
overlapping gene structures, the shared regulatory regions
of genes, and variation in the number of units of the genes
give us a possibility to study how gene rearrangements can
be involved in morbidity. We studied 14 polymorphic
markers across the MHC region among Finnish primary
(N=41 pairs) and secondary (N=18 pairs) RSA couples.
They were carefully clinically studied to exclude other
causes for RSA. During the follow-up period, 29 RSA
women gave hirth to a child. That made the haplotype
analysis possible in 37 families with children born either
before or after a period of abortions. The most significant
finding was the increased frequency of complement C4A
"null" aleles among primary RSA wives and husbands
(32%) compared to that among the Finnish controls at large
(18%) (49). In couples with the secondary RSA, C4B
"null" aleles were increased (56% in wives and 50% in
husbands) compared to 29% in controls. This increased the
risk of the fetus to inherit several paternal and maternal C4
"null" aleles. The same observation has been made aso in
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another Caucasian population (50). C4 rearrangements in
the Finnish families were genetically heterogeneous (51).
Some of the C4 "null" aleles associated with extended
haplotypes such as A1, B8, C4AQ0, C4B1, DR3 (a large
deletion in the C4A and CYP21A genes) or
A2,Cw3,B40,BFS,C4AQ0,C4B2,DR13 (a 2-bp insertion at
codon 1213 leading to thr premature termination of
trandation) (52, 53). In most of the cases the molecular
genetic background of the mutations remained unknown.
One of the born children had a de novo C4 mutation
generating a hybrid C4A/C4B gene as specified by RFLP,
cloning and sequencing of isotype specific fragments,
monoclonal  antibodies,  hemolytic  activity, and
electrophoretic migration (54). Based on the results in the
Finnish RSA families, we cannot conclude whether the C4
concentration or variation in expression of functionaly
different C4 alotypes as such is important. Complement is
an important part of the materna immune defense from
which placenta is protected by the high expression of
complement regulatory proteins throughout gestation. (55).
As likely, however, is the option that the C4 "null" alleles
are just markers for deletions/rearrangements of neighboring
"reproduction/fertility/fetal growth/tumorigenesis’ genes.

6. CONCLUSION

During evolution, the polymorphism of the MHC
region has been under strong selective pressures. It is
possible that not only factors after birth, such as resistance
for infectious diseases in childhood, but also prenatal
factors favor the polymorphism of the region. Lethal or
semilethal genes acting in a recessive fashion would
prevent the birth of far-reaching MHC homozygous
individuals. Better diagnostic methods of maternal
gynecological and systemic diseases as well as the better
understanding of the functional genomics of MHC have
provided new challenges for MHC genetics in RSA. One
interesting aspect for the future studies is gene
rearrangements in Class 1. Obvioudy, RSA is a
multifactorial disorder in which combinations of genes,
MHC-linked or unlinked, affect the outcome of a
pregnancy in a concerted fashion.
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