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Abstract

Mutations of hemostasis/coagulation-related genes have been speculated to cause recurrent spontaneous abortion (RSA). This
study investigated the genetic association between the polymorphisms of factor V (F5), factor Il (F2), antithrombin (SERPINCI),
protein C (PROC), protein S (PROSI), protein Z (PROZ), factor XIlll (FI3Al), and carboxypeptidase B2 (CPB2) genes and RSA.
The 426 patients with RSA and 444 controls were recruited in this study, and single-nucleotide polymorphisms (SNPs) were
analyzed by using SNPscan technology. Genotype and allele frequencies of rs3136520 in F2, rs3024731 in PROZ, and rs1050782 in
FI3A| showed statistically significant differences between the 2 groups. TT genotype of rs3136520 (P = .03 1, odds ratio [OR] =
0.986, 95% confidence interval [CI] = 0.976-0.997) and AA genotype of rs2069906 in PROC (P = .021, OR = 0.114, 95% CI =
0.014-0.902) in their recessive models and AG + GG variants of rs1050782 (P = .007, OR = 0.681, 95% Cl = 0.516-0.899) in the
dominant model might be associated with the reduced risk of RSA. AT + TT variants of rs3024731 (P =.010, OR = 1.479, 95% ClI
= 1.098-1.994) may increase disease susceptibility in dominant model. Haplotype analysis of rs3024731 and rs3024735 in PROZ
displayed that the AA and TG haplotype were inclined to decrease and increase the risk of RSA, respectively. These results
suggested that rs3136520, rs2069906, rs3024731, and rs1050782 may have a significant association with the genetic susceptibility
of RSA in Chinese Han women.
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established reason for thrombophilia causing recurrent miscar-
riage.'> However, the role of inherited thrombophilia resulting
in RSA was ambiguous. Maternal genetic variants of relevant
genes that were involved in the process of blood coagulation
and fibrinolysis may give rise to RSA. Previous studies

Introduction

Recurrent spontaneous abortion (RSA) is defined as 2 or more
consecutive miscarriages with the same partner in
reproductive-age women,' affecting approximately 1% to 5%
of females.>* Recurrent spontaneous abortion is a complex,
multifactorial condition caused by several factors, such as uter-

ine anatomic anomalies, immune and endocrine disorders,
chromosome aberrations, and infections.*® However, the
pathogenesis remains unexplained in approximately 40% to
50% of cases with RSA.”®

In recent decades, thrombophilia has been suggested that it
could be a risk factor in women with RSA.>"'! Thrombophilia
could be classified into 2 categories, hereditary and acquired,
presenting a blood hypercoagulable state and could result in
RSA and other obstetrical complications such as placental
abruption, severe preeclampsia, and intrauterine growth restric-
tion.'®!21* In the RSA research field, antiphospholipid syn-
drome belongs to the acquired thrombophilia and is the most
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suggested that factor V (F5) Leiden mutation (G1691A,
rs6025) and prothrombin (factor II [F2]) G20210A mutation
(rs1799963) could be risk factors for RSA in Caucasians.'®"’
However, for other relevant genes such as antithrombin
(SERPINCI), protein C (PROC), protein S (PROS1), protein
Z (PROZ), factor XIII (F13Al), and carboxypeptidase B2
(CPB2), the exact role of genetic alterations in each of
these genes in the onset of RSA in Chinese Han women
remains unclear.

Therefore, the goal of this study is to investigate the asso-
ciation between single-nucleotide polymorphisms (SNPs) of
F5, F2, SERPINC1, PROC, PROSI1, PROZ, F13A1, and CPB2
genes and RSA in Chinese Han women.

Materials and Methods
Participants

This case—control study enrolled 426 women with a history of 2
or more spontaneous abortion prior to 12 weeks who were
evaluated in the reproductive medicine center, the First
Affiliated Hospital of Anhui Medical University, and 444
healthy women who had at least 1 live birth and no abortion
history were recruited as a control group. All patients and
controls belong to Chinese Han population, and they all had
natural pregnancies. The participants with obesity (BMI > 30)
were excluded in both groups. Patients with RSA having
known causes including chromosomal abnormalities, anatomi-
cal anomalies, autoimmunity diseases, diabetes mellitus, thyr-
oid dysfunction, and infections were also excluded in this
research. All participants signed the informed consent, and the
study protocol was approved by the local ethics committees.

Selection of SNPs

The selection criteria of SNPs included tag SNPs, which were
chosen from the Chinese Han Beijing population of the Inter-
national HapMap Consortium with the minor allele frequency
greater than 0.05 and 7% > 0.8 and SNPs that have been reported
in the previous literature. Therefore, the total of 21 SNPs
selected in this study including rs6025 in F5 (Leiden mutation),
rs1799963 (20210 G>A), and rs3136520 in F2; 4 SNPs
(rs2227589, rs2227612, rs5877, and rs941988) in SERPINCI;
3 tag SNPs (rs1799810, rs2069906, and rs5936) in PROC; 6 tag
SNPs (rs13062355, rs4857037, rs6123, rs6803590, rs7609644,
and rs8178607) in PROS1; rs3024731 and rs3024735 in PROZ;
rs1050782 in F13A1; and rs1926447 and rs3742264 in CPB2.

Genotyping Technique

Peripheral blood samples were collected from all patients
with RSA and controls. Genomic DNA was isolated by using
DNA purification kits according to the manufacturer’s
instructions. SNPscan technology (Genesky Biotechnologies
Inc, Shanghai, China) which is based on double ligation and
multiplex fluorescence polymerase chain reaction was used
for SNP genotyping. Thirty-five random samples from cases

and controls were used for repeated genotyping of all SNPs to
achieve quality control, and repeated results were consistent
with the original ones.

Statistical and Bioinformatics Analyses

SHEsis software was used to test Hardy-Weinberg equilibrium
in controls, to calculate linkage disequilibrium (LD), and to
inferred haplotypes of SNPs, and frequency <0.03 was ignored
for the analysis.’®?! If the selected SNPs were not conformed
to Hardy-Weinberg equilibrium in controls, the locus should be
excluded in further analysis. The statistical analyses were per-
formed using SPSS 13.0 software. The comparison of genotype
and allele frequencies between patients with RSA and controls
were calculated by x> test or Fisher’s exact test. Multifactor
dimensionality reduction software (MDR, version 3.0.2) was
used to predict and analyze the gene—gene interactions. Values
of P < .05 were regarded statistically significant.

Results

All patients with RSA who participated in this study were with
2 or more early RSA (<12 weeks). The mean age of 426
patients was 29.26 + 4.294 years (range, 20-44), and the mean
number of miscarriages was 2.40 + 0.710 (range, 2-5). Among
them, 301 (70.7%) women had 2 abortions, 89 (20.9%) women
had 3 abortions, 26 (6.1%) women had 4 abortions, and 10
(2.3%) women had 5 abortions. The mean age of controls was
34.50 + 4.895 years (range, 21-46), statistically older than the
RSA patients group.

Among the selected 21 SNPs, genotype distributions of
rs2227589 and rs941988 of SERPINCI in the control group
were not consistent with Hardy-Weinberg equilibrium, so these
loci were excluded for further analysis. For 19 SNPs, the com-
parison of genotype and allele frequencies between the 2
groups is reported in Table 1. Genotype distributions and allele
frequencies of rs3136520 in F2, rs3024731 in PROZ, and
rs1050782 in F13A1 were all showed the statistical significant
differences between cases with RSA and controls. The frequen-
cies of rs3136520 T allele (P = .029, odds ratio [OR] = 0.657,
95% confidence interval [CI] = 0.449-0.961) and rs1050782 G
allele (P = .006, OR = 0.761, 95% CI = 0.628-0.923) were
decreased, whereas rs3024731 T allele (P = .028, OR = 1.236,
95% CI = 1.023-1.493) was increased in patients with RSA.
Regarding 152069906 in PROC, the distribution of genotype
reached statistical significance with a value of P = .046. How-
ever, the allele frequencies between the 2 groups failed to show
significant differences. In addition, no other association was
found between the rest 15 SNPs and the risk of RSA in geno-
typic or allelic analyses.

The genetic model analysis of rs3136520, rs2069906,
rs3024731, and rs1050782 revealed statistical significance
(Table 2). TT genotype of rs3136520 (P = .031, OR =
0.986, 95% CI = 0.976-0.997) and AA genotype of
rs2069906 (P = .021, OR = 0.114, 95% CI = 0.014-0.902)
in their recessive models and AG + GG variants of rs1050782
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Table |. Comparison of Genotype and Allele Frequencies of 19 SNPs Between the 2 Groups.?

SNP Genotype Controls, n (%) Cases, n (%) P  Allele Controls, n (%) Cases, n (%) P OR 95% ClI

F5 cc 443 (99.8) 426 (1) [ C 887 (99.9) 852 (1) [ | -

Rs6025 CT 1 (0.2) 0 (0) T I (0.1) 0 (0) 0.999  0.997-1.001

F2 GG 443 (99.8) 426 (1) | G 887 (99.9) 852 (1) | | -

rs1799963  AG 1 (0.2) 0 (0) A I (0.1) 0 (0) 0.999  0.997-1.001

F2 CcC 374 (85) 378 (88.9) .02 C 808 (91.8) 803 (94.5) .029 | -

Rs3136520 CT 60 (13.6) 47 (11.1) T 72 (8.2) 47 (5.5) 0.657 0.449-0.961
TT 6 (1.4) 0 (0)

SERPINCI CcC 199 (44.8) 200 (46.9) .664 C 602 (67.8) 583 (68.4) 777 | -

Rs5877 CT 204 (45.9) 183 (43) T 286 (32.2) 269 (31.6) 0.971  0.794-1.188
TT 41 (9.2) 43 (10.1)

SERPINCI TT 211 (47.5) 215 (50.5)  .373 T 621 (69.9) 602 (70.7) 741 | -

Rs2227612 GT 199 (44.8) 172 (40.4) G 267 (30.1) 250 (29.3) 0.966 0.786-1.186
GG 34 (7.7) 39 (9.2)

PROC GG 340 (76.6) 333 (782) .046 G 775 (87.3) 758 (89) 276 | -

Rs2069906  AG 95 (21.4) 92 (21.6) A 113 (12.7) 94 (11) 0.851 0.636-1.138
AA 9(2) 1 (0.2)

PROC AA 308 (69.4) 297 (69.7) .56 A 740 (83.3) 716 (84) .691 | -

Rs1799810 AT 124 (27.9) 122 (28.6) T 148 (16.7) 136 (16) 095  0.736-1.225
TT 12 (2.7) 7(1.6)

PROC TT 126 (28.4) 131 (30.8) .689 T 477 (53.7) 475 (55.8) 394 | -

Rs5936 GT 225 (50.7) 213 (50) G 411 (46.3) 377 (44.2) 0921 0.763-1.113
GG 93 (20.9) 82 (19.2)

PROSI AA 175 (39.4) 167 (39.2) .747 A 549 (61.8) 533 (62.6) 752 | -

Rs13062355 AG 199 (44.8) 199 (46.7) G 339 (38.2) 319 (37.4) 0.969 0.798-1.177
GG 70 (15.8) 60 (14.1)

PROSI GG 346 (77.9) 340 (79.8) 715 G 786 (88.5) 761 (89.3) .593 | -

Rs8178607 AG 94 (21.2) 81 (19) A 102 (11.5) 91 (10.7) 0.921 0.683-1.243
AA 4 (0.9) 5(1.2)

PROSI AA 392 (88.3) 375 (88) .905 A 836 (94.1) 801 (94) .909 | -

Rs7609644 AG 52 (11.7) 51 (12) G 52 (5.9) 51 (6) 1.024  0.687-1.524

PROSI AA 266 (59.9) 246 (57.7) 795 A 685 (77.1) 648 (76.1) .594 | -

Rs6803590 AG 153 (34.5) 156 (36.6) G 203 (22.9) 204 (23.9) 1.062 0.851-1.326
GG 25 (5.6) 24 (5.6)

PROSI AA 347 (78.2) 315(739) 337 A 785 (88.4) 735 (86.3) .18l | -

Rs4857037 AG 91 (20.5) 105 (24.6) G 103 (11.6) 117 (13.7) 1213 0.914-1.610
GG 6 (1.4) 6 (1.4)

PROSI CcC 143 (32.2) 136 (31.9) .98I C 502 (56.5) 482 (56.6) .986 | -

Rs6123 CT 216 (48.6) 210 (49.3) T 386 (43.5) 370 (43.4) 0.998 0.826-1.207
TT 85 (19.1) 80 (18.8)

PROZ AA 142 (32.1) 103 (24.2) .036 A 499 (56.3) 435 (51.1) .028 | -

Rs3024731 AT 215 (48.5) 229 (53.8) T 387 (43.7) 417 (48.9) 1.236 1.023-1.493
TT 86 (19.4) 94 (22.1)

PROZ AA 155 (34.9) 119 (27.9) .086 A 513 (57.8) 455 (53.4) .067 | -

Rs3024735 AG 203 (45.7) 217 (50.9) G 375 (42.2) 397 (46.6) 1.194 0.988-1.442
GG 86 (19.4) 90 (21.1)

FI3AI AA 142 (32) 174 (40.8) .018 A 506 (57) 541 (63.5) .006 | -

Rs1050782 AG 222 (50) 193 (45.3) G 382 (43) 311 (36.5) 0.761 0.628-0.923
GG 80 (18) 59 (13.8)

CPB2 CcC 261 (58.8) 224 (52.6) .179 C 681 (76.7) 625 (73.4) .108 | -

Rs3742264 CT 159 (35.8) 177 (41.5) T 207 (23.3) 227 (26.6) [.195 0.961-1.485
TT 24 (5.4) 25 (5.9)

CPB2 GG 290 (65.3) 304 (71.4)  .136 G 723 (81.4) 719 (84.4) 0.1 | -

Rs1926447 AG 143 (32.2) 11 (26.1) A 165 (18.6) 133 (15.6) 0811 0.631-1.041
AA Il (2.5) 11 (2.6)

Abbreviations: CPB2, carboxypeptidase B2; Cl, confidence interval; F5, factor V; OR, odds ratio; PROC, protein C; PROS, protein S; PROZ, protein Z; SERPINCI,
antithrombin; SNP, single-nucleotide polymorphism.
?P values and OR (95% ClI) in bold are statistically significant.
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Table 2. Genetic Model Analysis of the 4 SNPs.?

SNP Genotype Control, n (%) Case, n (%) P OR (95% Cl)
Rs3136520 CcC 374 (85) 378 (88.9) I
CT 60 (13.6) 47 (11.1) 220 0.775 (0.516-1.165)
TT 6 (1.4) 0 (0) .031 0.984 (0.972-0.997)
Dominant .086 0.705 (0.472-1.052)
Recessive .031 0.986 (0.976-0.997)
Rs2069906 GG 340 (76.6) 333 (78.2) I
AG 95 (21.4) 92 (21.6) 946 0.989 (0.715-1.367)
AA 9(2) 1 (0.2) .021 0.113 (0.014-0.900)
Dominant .575 0.913 (0.664-1.255)
Recessive .021 0.114 (0.014-0.902)
Rs3024731 AA 142 (32.1) 103 (24.2) I
AT 215 (48.5) 229 (53.8) 016 1.468 (1.072-2.011)
TT 86 (19.4) 94 (22.1) .038 1.507 (1.023-2.219)
Dominant 010 1.479 (1.098-1.994)
Recessive 335 1.175 (0.846-1.632)
Rs1050782 AA 142 (32) 174 (40.8) I
AG 222 (50) 193 (45.3) .022 0.709 (0.529-0.952)
GG 80 (18) 59 (13.8) 013 0.602 (0.402-0.900)
Dominant .007 0.681 (0.516-0.899)
Recessive .093 0.731 (0.507 -1.055)

Abbreviations: Cl, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.

2P values and OR (95% Cl) in bold are statistically significant.

Table 3. Haplotype Analysis With Rs3024731 and Rs3024735 in
PROZ Gene.?

Case Control
Haplotype  (frequency) (frequency) P OR 95% ClI
AA 426.71 (0.501) 484.56 (0.547) .037 0.817 0.676-0.988
TA 28.29 (0.033) 28.44 (0.032) 917 1.028 0.606-1.746
TG 388.71 (0.456) 358.56 (0.405) .039 1.222 1.010-1.480

Abbreviations: Cl, confidence interval; OR, odds ratio.
*Frequencies <0.03 were ignored in analysis.

(P =.007, OR = 0.681, 95% CI = 0.516-0.899) in the domi-
nant model were associated with the reduced risk of RSA.
However, in the dominant model, compared to the AA geno-
type, AT + TT variants of rs3024731 were inclined to confer
the susceptibility of RSA (P = .010, OR = 1.479, 95% CI =
1.098-1.994).

Rs3024731 and rs3024735 in the PROZ gene displayed a
high degree of LD (D’= 0.945, * = 0.825). The results of
haplotype analysis with these 2 SNPs were listed in Table 3.
The AA haplotype was associated with decreased risk of RSA
(P =.037, OR = 0.817, 95% CI = 0.676-0.988), whereas TG
haplotype tended to increase the risk of disease (P = .039, OR
= 1.222, 95% CI = 1.010-1.480).

Genetic interaction analysis among rs3136520 (F2),
rs3024731 (PROZ), and rs1050782 (F13A1) were performed.
The 3 best models were predicted from MDR software, and the
prediction errors and cross-validation consistency for each of
the models are displayed in Table 4. However, testing P value
of these models did not show statistical significance and failed

to find an association with the 3 SNPs between cases with RSA
and controls.

Discussion

Considerable researches have been done to identify possible
relationship between the mutations of genes that may be
involved in the inherited thrombophilia and RSA. But as far
as we know, the positive results of researches were not much in
Chinese Han women who experienced RSA. In this case—con-
trol study, the possible association were explored between the
19 SNPs from several genes that play vital roles in coagulation/
fibrinolytic system and the risk of RSA.

F5 Leiden mutation and F2 G20210A mutation were the
most studied thrombophilic gene mutations in RSA. However,
this study indicated that they were not related to RSA in Chi-
nese Han people because of the similar low mutant allele fre-
quencies in patients and controls. Other studies did not find
connections with RSA after these 2 mutation analyses in north
western Iranian® and Israeli individuals.?® Rs3136520 was one
of the tag SNPs selected from the HapMap database and
located on the intron region of the F2 gene. This study showed
that TT genotype and T allele of rs3136520 were significantly
lower in women with RSA than in controls and may act as the
protective factor to decrease susceptibility to RSA. There have
been limited investigations about this tag SNP of F2 gene in
RSA research, and further explorations could focus on the
effect of combining with other tag SNPs in Chinese Han
women experiencing RSA.

Deficiencies of antithrombin, protein C, and protein S were
regarded as risk factors for adverse pregnancy outcomes
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Table 4. The Best Gene—Gene Interactions Models Predict for the Association With RSA.

Best Model Training Balanced Accuracy, % Testing Balanced Accuracy % CVC  Testing P OR (95% Cl)

Rs1050782 54.45 5343 8/10 5188 1.323 (0.565-3.094)
Rs3024731, rs1050782 55.95 51.86 10/10  .7263 1.164 (0.498-2.719)
Rs3136520, rs3024731, rs1050782 57.58 52.08 10/10  .6905 1.192 (0.502-2.832)

Abbreviations: Cl, confidence interval; CVC, cross-validation consistency; OR, odds ratio; RSA, recurrent spontaneous abortion.

including fetal loss.>**> Mutations of these anticoagulation
genes may influence their activities, and some variants have
been investigated in RSA. GA + AA genotypes of 152227589
in SERPINC1 gene might be a risk factor for RSA were
reported in a Brazilian study,”® whereas an Indian study®’ and
a Chinese study”® failed to find the relationship between this
polymorphisms and RSA. In the current study about the 3
genes, 152227589 and rs941988 of SERPINCI1 were excluded
because of the unbalanced Hardy-Weinberg equilibrium in
controls. Therefore, 11 SNPs of these 3 genes were analyzed
and found that AA genotype in a recessive model of rs2069906
located on the intron region of PROC gene may have a con-
nection to the reduced risk of RSA. Just like rs3136520 in F2
gene, not much is known about the potential function of
rs2069906 in PROC and its role in the etiology of RSA.

Lack of concentration of protein Z was also considered to
have an association with various thrombotic diseases including
venous/arterial thrombosis®® and pregnancy complications.*
Genetic variants may be an important reason for the deficiency
of protein Z, and previous studies have investigated the asso-
ciation with several polymorphisms and RSA. Rs3024735 was
reported to have a connection with RSA,*'~* whereas 1 study
also demonstrated that low protein Z levels could induce the
unexplained pregnancy loss but not because of the rs3024735
variants.>® A Bahrain study®* found the allele frequencies of
rs3024731 and rs3024735 with significant difference between
patients with RSA and controls. The authors further reported
that GA and AA genotypes of rs3024735, GA and AA genotype
ofrs3024719, and AA genotype of rs3024731 were linked with
the decreased protein Z levels and demonstrated that
GAGAAG and AGGTAG haplotypes may increase the disease
susceptibility and AGGTGG haplotypes may reduce the risk of
RSA with the 6 SNPs (rs3024718, rs3024719, rs3024778,
rs3024731, rs3024735, and rs3024772) of PROZ gene.34 In this
study, rs3024731 and rs3024735 were investigated in RSA
with Chinese Han women. In patients with RSA, the distribu-
tions of AT 4+ TT genotypes and T allele of rs3024731 in
PROZ were higher than in the control group and may increase
the risk of RSA. But it failed to find an association between
the rs3024735 and the onset of RSA. However, haplotype
analysis with rs3024731 and rs3024735 indicated that AA and
TG haplotype could decrease and confer the genetic suscept-
ibility to RSA, respectively. Through comparison, these
results were not concordant with earlier studies. These con-
flicting results may be explained by the different ethnic and
genetic backgrounds, the size and selection of participants,
and the change in environment. Further studies are needed

to investigate the association between the polymorphisms of
PROZ gene and RSA.

Coagulation factor XIII (FXIII) is known as the last zymo-
gen and formerly named fibrin-stabilizing factor that could
stabilize the fibrin clot after series of actions.>® Factor XIII
consists of 2 A subunits and 2 B subunits. The A subunits were
encoded by the F13A1 gene and possess catalytic ability; the B
subunits may only act as carriers.’®>’ Several studies have
investigated the association between Val34Leu mutation in
exon 2 of F13A1 gene and RSA.?***3° However, the present
study selected another polymorphism, rs1050782, which was
chosen from one of the tag SNPs of F13A1 gene for analysis.
Rs1050782, located in the 3’ untranslated region of F13Al,
may as a functional site influence the expression of F13Al,
although the specific effect of this variants remains unknown.
In the current study, the frequencies of AG + GG genotypes
and G allele in cases were lower than in controls, which all
showed statistical significance, indicating that AG + GG gen-
otypes and G allele of rs1050782 may be associated with
decreased risk of RSA.

Carboxypeptidase B2 gene, also called thrombin-activatable
fibrinolysis inhibitor gene, could inhibit fibrinolysis, and sev-
eral polymorphisms including rs3742264 (505G/A) and
rs1926447 (1040C/T) might influence the occurrence of
venous thrombosis.***! In an aspect of RSA, 1 study indicated
that rs3742264 A allele was associated with RSA as a protec-
tive factor.** However, this study failed to reveal the connec-
tion between this SNP and RSA. Regarding rs1926447, some
authors reported that this polymorphism was not related to
RSA,** which is similar to the present results.

Because RSA is a complex multifactorial disease, the indi-
vidual genetic variants were difficult to detect completely and
may only account for a minor role in the occurrence of RSA. In
the current study, 19 SNPs were analyzed and found 3 SNPs
(rs3136520 of F2, rs3024731 of PROZ, and rs1050782 of
F13A1) may be associated with RSA, with significant differ-
ence both in allele and in genotype distributions between the 2
groups. Therefore, the study chose these 3 SNPs and attempted
to identify the gene—gene interactions using the MDR method.
However, the negative results of the genetic interactions indi-
cated that F2, PROZ, and FI3A1 may play important roles
participating in different pathways involved in the pathogen-
esis of RSA, but the specific functions and interactions with
other genes remain unclear.

There are some limitations that should be considered. The
patients recruited in this study, all suffered in early period
of RSA, and late miscarriages were not being researched.
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Coagulation and fibrinolysis status was regulated by lots of
crucial genes; other candidate genes or polymorphisms were
not examined in this study. Current results were identified
based on the moderate sample size. Further studies should be
conducted with more candidate polymorphisms of genes
involved in thrombogenesis and enlarged sample size to vali-
date our results or find new associations with RSA in Chinese
Han women.

Conclusions

To the best of our knowledge, this study was the first to identify
that the polymorphisms rs3136520 of F2, rs2069906 in PROC,
rs3024731 of PROZ, and rs1050782 of F13A1 may be associ-
ated with the genetic susceptibility of RSA in Chinese Han
women.
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