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Abstract

Purpose Human reproduction is a complex process
involving multiple factors for the success of pregnancy.
Chemokines are one of the immunomodulators which may
determine pregnancy outcome. In the present study, we
have tested genetic association between CCR5 A32 poly-
morphism and idiopathic recurrent miscarriages (IRM)
among north Indians.

Methods Two hundred patients and 300 age, sex and eth-
nically matched controls were genotyped for CCRS A32
polymorphism, genotype and allele frequencies were com-
pared in both the groups.

Results IRM patients had a three times higher (5.5 vs.
1.7%) frequency of heterozygote genotype (P =0.0335,
OR =3.43; 95% CI=1.17-10.04). Allele frequency in
IRM patients was 3.7 and 0.83% among controls and the
differences were statistically significant (P =0.0349, OR =
3.37;95% CI = 1.16-9.76).

Conclusions Our results demonstrated that it had a higher
frequency of CCRS5 A32 at allelic level suggesting a possi-
ble susceptibility trend (OR = 3.43) and CCRS A32 may be
a potential genetic risk factor for IRM.
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Introduction

Throughout history the moral and legal aspects of abortion
are subject to intense debate in many parts of the world.
About 15-20% of clinically recognized pregnancies end in
recurrent miscarriages, the etiology of idiopathic recurrent
miscarriages still remains largely unclear till date. Infertil-
ity and recurrent miscarriages frequently are causes of worry
for women desiring to have children.

Recurrent miscarriage is defined as at least three or more
consecutive pregnancy losses before 24 weeks of gestation
which affects 0.5-2% of pregnant women [1]. At least 2%
of women of reproductive age suffer with two or more con-
secutive recurrent miscarriages and approximately 1% has
three and more pregnancy loss. It occurs often during the
first trimester, prior to 13th week of pregnancy.

The causes of recurrent miscarriages is multi-factorial,
but can be divided into embryologically driven and mater-
nally driven which affect the endometrium and placental
development [2, 3]. Known causes of maternal defects
include coagulation disorders, autoimmune defects, endo-
crine disorders and endometrial defects since there is much
debate about cause and association since the exact patho-
physiological mechanisms of this disorder are unknown [3].
Therefore, various approaches have been used to study the
etiology of miscarriages. Presumed etiological factors
include endocrine dysfunction such as hypothyroidism and
luteal phase inadequacy, chromosomal aberrations, uterine
abnormalities, infectious disorders, and different genetic
and environmental factors. These factors are present in,
50% of all women with recurrent miscarriages [4]. There
are several reports which emphasize the role of genetic
polymorphism and association with IRM.

Chemokines are a large super family of structurally and
functionally related cytokines with chemotactic activity
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targeted at specific leukocyte populations. More than 50
chemokines have been identified till date, but there are
large degree of redundancy and overlap of functions [5]. It
has been reported that there is a large accumulation of leu-
kocytes in the endometrium in the preimplantation phase of
the human menstrual cycle and during early pregnancy [6].
Further, CCRS is a pro-inflammatory G protein coupled
receptors that bind chemokines, such as monocyte chemo-
attractant protein-1 (MCP-1), regulated on activation, nor-
mal T cell expressed and secreted (RANTES) and
macrophage inflammatory protein-1 (MIP-1) and has been
implicated in atherogenesis [7]. Macrophages comprise
20% of endometrial leukocytes and are present during
endometrial proliferation, differentiation and breakdown.
There is a marked accumulation of endometrial macro-
phages specifically in areas of decidualization and tropho-
blast invasion. These cells are a source of growth factors,
cytokines and proteases, creating local microenvironments
permissive to tissue remodeling and have been proposed to
participate in fetal-maternal interaction at the implantation
site [8, 9].

CCRS is the main cellular receptor for CCL3, CCL4 and
CCL5 chemoreceptors. The CCR5 A32 is an allelic variant
of the CCRS receptor gene characterized by a 32-bp dele-
tion (CCR5 A32) which leads to a non-functional protein
and consequently in homozygous individuals there is
absence of CCRS protein expression which may be respon-
sible for the recurrent miscarriages. Therefore, in the pres-
ent study we investigated the role of CCR5 A32 gene
polymorphism in women with history of recurrent miscar-
riages among north Indian women.

Materials and methods
Study design and population

Patients (n = 200) included in the present study were ran-
domly selected from the Department of Medical Genetics,
which is one of the super specialty centers in Sanjay Gan-
dhi Post Graduate Institute of Medical Sciences (SGPG-
IMS) in Lucknow and from Maharani Laxmi Bai (MLB)
Medical College, Jhansi, India. The inclusion criteria for
patients included, women with at least three unexplained
recurrent miscarriage before 20 weeks of gestation, with
the same partner. As per the study design, all these women
were investigated to exclude the known causes of recurrent
miscarriages (serological tests for toxoplasma, glucose tol-
erance test, hysterosalpingogram, thyroid function test,
luteal phase plasma progesterone assay, anticardiolipin
antibody, antiphospholipid antibody, antinuclear antibody
test and chromosomal abnormalities of both husband and
wife. The chromosomal anomalies of both the partners
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were done to rule out the male aneuploidies and other chro-
mosomal abnormalities.

The control group consisted of 300 ethnically matched
parous women with at least two live births with no history
of miscarriage, pre-eclampsia, ectopic pregnancy or pre-
term delivery (Table 1). All controls were screened for var-
ious known causes of miscarriages including, parental
chromosomes, day two hormone levels of follicle stimulat-
ing hormone (3-11 U/l), leutinizing hormone (3-12 U/1)
and testosterone (0.5-3 nmol/l), antiphospholipid antibod-
ies including lupus anticoagulant (PLR 0.8-1.05) and anti-
cardiolipin antibodies (IgG 0-12 GPL units, IgM 0-5 MPL
units) and prothrombotic factors like activated protein-C
resistance (APCR 2.6—4.36 ratio), factor V Leiden and pro-
thrombin mutations, investigation of leutal phase insuffi-
ciency, prolactin dosage, glycaemic curve, thyroid hormone
levels, investigation of Toxoplasmosis, Cytomegalovirus,
Rubella, HIV, group B Streptococci, Chlamydia trachoma-
tis, hepatitis B and C and bacterial vaginosis. We tried to
rule out all the known causes of recurrent miscarriages.
A written informed consent was obtained from each partic-
ipant. Ethical clearance was obtained from SGPGIMS.

Genotyping

For genomic DNA extraction, blood was collected in
EDTA. DNA was extracted from blood by using a commer-
cial kit (Qiagen). PCR was used to amplify a segment of the
CCRS5 gene from 100 ng genomic DNA in a total reaction
volume of 25 pl. The primer sequences used for amplifica-
tion were: forward primer: CCR5-F: TGT TTG CGT CTC
TCC CAG and reverse primer: CCR5-R: CAC AGC CCT
GTG CCT CTT.

A total of 2.5 mM MgCl,, 200 pM each of dATP, dCTP,
dGTP, dTTP, 0.025 units/pl Thermoprime DNA Polymer-
ase, 75 mM Tris—HCI (pH 8.8 at 25°C) 20 mM (NH,)2SO,,
0.16 pM of each forward and reverse primers and 1 pl of
template DNA was added per reaction. Polymerase chain

Table 1 Characteristic of women included for the present study

Parameters Cases (n = 200) Controls (n = 300)
Mean age in years 28.4 (£5.9) 31.9 (£7.3)
Ethnicity North India North India
Previous miscarriages Mean 4 (3-7) 0

No of live birth 0 3

No of primary aborters 100% 0

No of secondary aborters 0 0

BMI (kg/m?) 23.3 (+4.1) 23.9 (£3.5)
Smokers Nil Nil

Alcohol consumers Nil Nil

Values are in mean £ SD
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reaction was performed using following conditions: 94°C
for 5 min, followed by 34 cycles at 94°C for 30 s, 59.3°C
for 45 s and 72°C for 1 min followed by final extension at
72°C for 5 min in a thermal cycler. The PCR products
were electrophoresed on 2% agarose gel at 120 V for
60 min stained with 0.5 pg/ml ethidium bromide in Tris
Borate EDTA (TBE) buffer and visualized by ultraviolet
irradiation.

A segment of 193 bp of the CCRS5 gene covering the site
of deletion was amplified by PCR from the genomic DNA.
The amplification produced a single band of 193 bp for the
wild type homozygous (4+/+) and two bands of 161 and
193 bp because of a 32-bp deletion in the mutant A32 allele
for the heterozygous (+/A) genotype (Fig. 1). Two researchers
independently scored the genotypes without the knowledge
of disease status of the samples. All the heterozygous sam-
ples were re-genotyped using double blind method and the
results were noted only for those samples which were
reproducible without any discrepancy. Genotyping of 15%
of the samples (both in the patient and control groups) were
confirmed by DNA sequencing. Upon genotyping 500 sam-
ples we observed discrepancy of results in 18 (3.6%) cases.
The fresh blood sample was obtained again. The DNA was
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=
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Fig. 1 Gel photograph of CCR 5A32 showing homozygous (+/+) and
heterozygote (+/A32) conditions. Lane I ladder of 100 bp, lane 2, 5, 6:
wild type (+/+) band of 193 bp, lane 3 4: heterozygous (+/A) for muta-
tion band of 193 and 161 bp

extracted and the above procedure was repeated. Allele
frequencies were determined by direct counting methods.

Statistical analysis

Student’s ¢ test was used to compare means for continu-
ous variables. For each variable, the values are expressed
as mean £ SD. The chi-square test was used to assess
Hardy—Weinberg equilibrium. The odds ratios with 95%
confidence intervals were calculated using standard epi-
demiological/association methods and significance was
assessed by the chi-square test. All P values are two
tailed and P values < 0.05 were considered statistically
significant.

Results
Characteristics of cases and control in study

The clinical characteristics of the patients and controls ana-
lyzed for CCRS locus are shown in Table 1. The mean age
of the controls was 31.9 & 7.3 years and that of the patients
was 28.41 + 5.9 years. The age range was 20—41 years in
patients and 21-42 years in controls.

The genotype distribution in patient and control groups
is shown in Table 2. No homozygous individuals for the
mutant A32 allele were observed in this study. Both groups
were in Hardy—Weinberg equilibrium. The frequency of the
heterozygous genotype in recurrent miscarriages patients
(5.5%) was nearly three times higher than observed in con-
trols (1.7%) with a odds ratio (OR =3.43, CI = 1.17-10.04)
this achieve a statistical significance (P = 0.0335).

The highly significant differences observed among con-
trol and patient groups at the genotypic level were also visi-
ble at the allelic level (Table 2) as ‘A’32 allele was found at
frequency of 0.8 among controls and among patients it was
found to be 3.7 (P =0.0349, OR =3.37; 95% CI=1.16—
9.76). This clearly established that patients with A32 geno-
type are at high risk of developing recurrent miscarriages
(OR =3.43).

Discussion

Besides conferring a strong resistance to homozygote indi-
viduals against HIV-1 infection, the potential role of A32
allele and other chemokines have been studied by several
researchers in a number of other disorders like malignant
tumors and their progression, multiple sclerosis, type I
diabetes, latent autoimmune diabetes in adults. The data on
possible involvement of the CCRS deletion variant in
recurrent miscarriages is not available. To the best of our
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Table 2 Distribution of

Genotype Patients (N = 200) Controls (N = 300) P value OR (95% CI)

genotype and allele frequency

in patients and control group Genotype frequency
++ 189 (94.5%) 295 (98.3%) 0.0335% 0.29 (0.09-0.85)
+A 11 (5.5%) 5(1.7%) 0.0335% 343 (1.17-10.04)
A/IA Nil Nil - -
Allele Frequency
+ 389 (97.3%) 595 (99.2%) 0.0349%* 3.37 (1.16-9.76)
A 11 (3.7%) 5 (0.8%)

A Allele carriage frequency

+/+ Wild types, +/A hetrozyg- . "

otes, and A/A mutant type + allele carriage 200 (100%) 300 (100%) 0.0409 0.30 (0.10-0.89)
A allele carriage 11 (5.5%) 5 (1.7%) 0.0409%* 3.3(1.13-9.64)

* Significant value (P < 0.05)

knowledge, this is the first study from India evaluating the
role of CCR5 A32 allele in idiopathic recurrent miscarriages.

The mutant allele of the chemokine receptor CCR5 gene
(CCRS5 A32), is believed to have originated from a single
mutation event in historic times, and rapidly expanded in
Caucasian populations, owing to an unknown selective
advantage [10]. This allele is young in evolutionary time,
yet it has reached relatively high frequency in Europe.
These properties indicate that the mutation has been under
intense positive selection. HIV-1 has not exerted selection
for long enough on the human population to drive the
CCRS5 A32 allele to current frequencies, fueling debate
regarding the selective pressure responsible for rise of the
allele. The allele exists at appreciable frequencies only in
Europe, and within Europe, the frequency is higher in the
north. There are various studies showing the absence of
CCRS5 A32 homozygotes or very less frequency of CCRS

A32. Not only there exit differences in the homozygous
A32 mutants but also there are differences in the heterozy-
gous, i.e. CCRS5 +/A [10-15] (Table 3). Downer et al. [11]
have shown that among United States HIV epidemiology
registry which included 1,301 study subjects none of them
were homozygous for CCRS A32 mutation, 11.8% of
white, 3.7% of black African/Americans, 3.3% of Hispan-
ics/Latinas, 6.6% of other ethnicities were heterozygous.
They have proposed these regional differences may be due
to racial admixture. Further, the prevalence of CCRS A32
allele in Europe is approximately 10%, and it is low or
absent in most of the Asian and African populations [16, 17].
Significant population variation has been documented in
Europe ranging from 15% in Iceland to 4% in Greece [18]
(Table 3).

In our study, we observed absence of homozygous A32
allele, the frequency of heterozygotes in control group was

Table 3 Distribution of CCR5

Populations No. CCRS5 A32 Allele References
A32 genotype and allele .
. . studied ——  —  frequency
frequency in different ethnic ++ +HA  AJA (%)
population
Gottingen central Germany 346 287 54 5 9.2 [10]
Goslar, central Germany 19 12 7 0 184 [10]
Alia, Sicily 19 18 0 2.6 [10]
Liibeck, northern 20 15 0 12.5 [10]
Brazilian population 120 112 0 6.7 [12]
Australian Ashkenazi 442 372 67 3 0.08 [13]
Non-Jewish population
Australian Ashkenazi 937 697 219 21 0.14 [13]
Jewish background
Russian 53 43 9 1 10.4 [14]
Asian West Siberian native populations 104 86 13 5 11.1 [14]
Central Asian native populations 107 106 1 0 0.5 [14]
Asian East Siberian and Far 219 214 5 0 1.5 [14]
Eastern native populations
Inuit (Canada) 40 40 0 0 0.0 [14]
India 396 384 12 0 3.0 [15]
Greece 375 362 13 0 35 [18]
India 500 484 16 0 32 Present study
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1.7% which was comparable to previous studies on Indian
populations (range 0-6%) [19, 20]. Our data indicated that
the heterozygous carriers of CCR5 (+/A) gene have ~3.5-
fold increased risk of recurrent miscarriages compared to
control group. This adds further evidence to the concepts of
polygenetic etiological background of women with IRM.
Further, no individual was found to be homozygous for
mutation (A allele) of CCR gene which is comparable to
many other studied populations (Table 3). Majumdar and
Dey [20] observed that CCRS A32 allele was absent in
most ethnic populations of India, except some populations
of Northern/Western India where it could have been possi-
bly introduced by Caucasian gene flow. However, in these
populations also there was complete absence of homozy-
gous CCR5 A32 which is comparable to our results.

Recent identification of a number of chemokines and
their receptors at the feto-maternal interface suggest role
for chemokines in regulating the processes that occur dur-
ing implantation [21, 22]. Chemokines and receptor expres-
sion was also demonstrated in a number of cell lines
representing the components of the feto-maternal interface.

There have been a number of reports describing the expres-
sion and regulation of individual chemokines in the endo-
metrium, including IL-8, MCPs-1 and -2, macrophage
inhibitory protein (MIP), eotaxin and regulated on activa-
tion and normally T cell expressed and presumably secreted
(RANTES) [7, 21, 22]. The expression studies were sup-
ported by immunolocalization of chemokine protein within
the tissue, and the varying cellular localization across the
cycle determined. Because chemokines are short lived and
are locally acting, identification of cellular location also
provides invaluable indicators of function. Leukocyte
recruitment has many features in common with trophoblast
invasion and trafficking, and it is therefore likely that
chemokines play an important role in implantation. During
the apposition phase, the blastocysts must find a location on
the endometrial epithelium to implant. In the subsequent
invasion phase, the trophoblast must traverse first the epi-
thelial basement membrane and then the decidua to reach
the uterine blood vessels. Evidences are now accumulating
to support a biologically relevant role for chemokines in
these processes [23, 24].

Both chemokines and receptors have been identified on
invasive cytotrophoblast during the first trimester of preg-
nancy, and these include CGP-2, stromal cell-derived factor
(SDF)-1 and MIP [25] and the receptors CCR1 CCR2B,
CCRS5, CXCR2B and CX3CRI1 [26, 27]. Chemokine recep-
tors (CX3CR1, CCRI1, 2 and 3) have also been detected on
some trophoblast cell lines [28]. In addition, in floating and
anchoring villi, nearly every chemokine targeted for study
was expressed by predominantly two cell types, fibroblasts
and macrophages. Cytotrophoblast progenitors in floating
villi expressed a broad repertoire of chemokine receptors

suggesting that cytotrophoblasts are poised to respond to
chemokine signals at the maternal-fetal interface [23].
From these studies, it is clear that chemokines may be
important determinants of successful implantation and pla-
centation by their actions in chemoattracting leukocytes
which are critical players at the embryo—maternal interface,
by their actions on trophoblast migration and by additional
functions such as cell proliferation and modification of
adhesion molecule expression.

The data presented in this study provides evidence for a
relationship between IRM and a gene whose gene product is
known to influence chemokines and their receptors at the
feto-maternal interface might compromise the development
of embryo/fetus and its ability to resist maternal alloimmune
rejection mechanism. Our data indicate that the investigated
CCRS5 gene polymorphism confers a small but significantly
increased risk for developing IRM. In addition, genetic
admixture may be a confounding factor for the association
studies, thus only women whose parents were of same eth-
nicity were included in study and control groups. Various
other studies investigating women with IRM used age-
matched control to compare genotype frequency. This strat-
egy does not rule out future miscarriages among control
groups. To avoid this possible bias, all control patients in our
series were postmenopausal at the time of blood sampling.

Conclusions

To conclude, the CCR5 A 32 is risk factors for recurrent
miscarriages among north Indian population. As technolog-
ical advances have made sequencing and genotyping
cheaper, a more exhaustive screening of the CCR2-CCRS5
region is required. In a multifactorial disorder like idio-
pathic recurrent miscarriages where multiple factors con-
tribute to the pathogenesis, it is very difficult to find a single
polymorphism as a susceptibility factor and suggests that
gene interaction may contribute to a causal propensity for
developing recurrent miscarriages. Hence, more elaborative
studies should be undertaken in ethnically diverse groups of
the populations that may contribute more towards the func-
tional role of these markers in recurrent miscarriages.
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