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Abstract

Background: The role of acquired thrombophilia has been accepted as an etiology
of recurrent miscarriage (RM); however, the contribution of specific inherited throm-
bophilic genes to this disorder has remained controversial. An increased incidence of
RM has been suggested in women with inherited thrombophilia.

Methods: In this prospective study, assisted women with RM or repeated implant
failure (RIF) were subjected to Thromboincode analysis, in order to identify 12 ge-
netic variants for Factor V Leiden, Factor V Hong Kong, Factor VV Cambridge, FlI,
FXII, FXII, and Al carriers. Patients included in this study were separated in RM
cases (n=43), RIF cases (n=36) and RIF+RM (n=76). As a control group, patients
undergoing IVF treatment (n=34) were used and a previously described 249 cases
population as a representative sample of Spanish population were selected. Level of
statistical significance was p<0.05 and groups were compared by Fisher test, except
for age that was compared by t-test.

Results: Regarding FXIII, higher values were observed in RM (69.76%), RIF (70%)
and in RM+RIF (68.42%) group when compared with our control group (52.94%)
and general Spanish population (56.5%), but these differences were statistically sig-
nificant only in RIF group (p=0.043, p=0.01).

Conclusion: Concerning our findings, both RM and RIF patients had a very similar
panel of thrombophilia polymorphisms, suggesting that, in both, thrombophilia might
have an important contribution. High frequency of Val34Leu polymorphism in RM/
RIF presumably speaks in favor of a multifactorial RM genesis, wherean altered
thrombophilia status plays a role.
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Introduction

ecurrent miscarriage (RM) -defined by ESHRE

age, parental karyotype abnormalities, embryonic

Rguideline as >2 consecutive pregnancy losses
before 20 weeks post menstruation affects ap-

proximately 1% of couples trying to conceive (1).
Current diagnostic procedures can identify etio-
logic factors in approximately 50% of these cou-
ples, such as uterine defects, advanced woman

aneuploidies, infections and thrombophilia disor-
ders (2, 3). While the role of acquired thrombo-
philia has been accepted as an etiology of RM, the
contribution of specific inherited thrombophilic
genes to this disorder has remained controversial
(4). An increased incidence of RM has been sug-
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gested in women with inherited thrombophilia,
including Factor VV Leiden deficiency, activated
protein C resistance, prothrombin G20210A and
protein S deficiency (5-8). Other coagulation ab-
normalities, such as impaired fibrinolytic activity,
factor XII deficiency and reduced activated partial
thromboplastin time have also been reported to be
associated with RM, but the corresponding epi-
demiological data are limited (9).

Inherited thrombophilia has the potential to dis-
rupt the natural coagulation system and predis-
pose certainindividuals to suffer from a thrombot-
ic event. The mechanism by which thrombophilia
causes RM is uncertain but it seems to include
thrombosis of the uteroplacental circulation.

On the other hand, repeated implantation failure
(RIF)- defined as the transfer of several good
quality embryos in IVF cycles, without achieving
pregnancy-may share some of the same mecha-
nisms with RM (10, 11). There is no universally
accepted definition of RIF despite many publica-
tions on this topic, but one of the most used ones
is failure of pregnancy after the transfer of 3 good
quality embryos (12).

Various investigators have shown that thrombo-
philia is more common in women with RIF com-
pared with healthy fertile controls (6, 11, 13-15).
This association is explained by thrombophilia
causing microthrombosis at the implantation site
and thereby impairing the initial invasion of ma-
ternal vessels by the syncytiotrophoblast, leading
to implantation failure (13, 14, 16, 17). However,
other investigators have reported no relationship
between thrombophilia and recurrent IF (18, 19).

In the last years, a number of thrombophilia con-
ditions related with thrombosis risk in the adult
have been described (20). Recently, a commer-
cially available kit (Thromboincode, Laboratorios
Ferrer, Barcelona) has been introduced, allowing
to analyze 12 low frequency, high impact genetic
coagulation disorders in the same saliva sample
(20). The analysis studies the alleles of 12 variants
located in seven genes (PT, FVL, EXII, EXIII,
ABO, SERPIN A10 and SERPIN C1). This test
accurately determined the thrombosis risk in adult
patients (20).

It has been suggested that only 15% of women
with thrombophilic risk factors contributing to the
RM would be identified if only mutations in fac-
tor V von Leiden, factor Il (Prothrombin) and
MTHFR were investigated (21). On the other
hand, it has been shown that while none of the
specific thrombophilic gene mutations appeared to
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be a risk factor for RM, when taken together, the
total number of mutations was a significant risk
(5). Thus, our objective was to analyze the results
of the aforementioned 12 polymorphism panel in
our RM/RIF patients where all the conventional
studies were normal.

Methods

This is a prospective study performed in two
centers (The Human Reproduction Unit of the
Cruces University Hospital and the IVI Clinic
Bilbao, Spain) in which women were enrolled
between June 2014 and June 2015. During this
twelve month period, all the couples assisted be-
cause of RM or RIF whose standard study was
normal, were subjected to Thromboincode analy-
sis.

Inclusion criteriawere: i) at least 2 previous clin-
ical miscarriages (In RM cases) or at least 2 trans-
fers with at least 1 high- quality embryo in each
without achieving pregnancy (In RIF cases) ii)
woman age <40 years (<45 in cases of oocyte do-
nation) iii) body mass index <35, and iv) conven-
tional RM/RIF study showing no abnormalities.
Conventional RM/RIF study included all of the
following woman and man karyotypes, vaginal
ultrasonography, hysterosalpingography, hyster-
oscopy, sperm DNA fragmentation, homocyste-
inemia, thyroid hormones, fasting glucose, anti-
phonspholipid study, and "habitual thrombophilia
study". Patients with polycystic ovarian syndrome
or autoimmune disorders were excluded, as well
as those with a history of preeclampsia, cardiac dis-
ease or thrombosis. Habitual thrombophilia study
consisted of Factor V Leiden deficiency, activated
protein C resistance, prothrombin G20210A, and
protein S deficiency methylenetetrahydrofolate re-
ductase (MTHFR) mutations. Ethical approval was
obtained from the Clinical Research Ethical Com-
mittee of the Basque Health System (Osakidetza,
CEIC reference no E16/48).

Informed consent was obtained from all patients
included in this study were separated in RM cases
(n=43), RIF cases (n=36) and RIF+RM (n=76).
As a control group, 34 IVF women undergoing
their first IVF cycle, aged <40 years (<45 in cases
of oocyte donation) with body mass index <35
and without venous thrombosis history were in-
cluded. Due to the small number of patients in the
control group, our results were also compared
with a previously described 249 case population
corresponding to a representative sample of the
Spanish population (20). Mean age was 46+14.9
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years, and 56% were females. All of them were
healthy and with no venous thrombosis history.

Thromboincode rationale was based in a previ-
ous systematic review and meta-analysis perform-
ed to select genetic variants that contribute to ve-
nous thrombotic risk (20). Based on this infor-
mation, a panel with the variants rs6025 (FV, Fac-
tor V Leiden), rs118203906 (FV, Factor V Hong
Kong), rs118203905 (FV, Factor VV Cambridge),
rs1799963 (FII, G20210A), rs5985 (FXIII, V34L),
rs121909548 (SERPINCL1, 384 Ala>Ser), rs2232698
(SERPINAL10, 67 ARG>Stop), and rs1801020 (FXII,
46 C>T) and the Al carriers rs8176719, rs78539
89, rs8176743, and rs8176750 was defined. The
ThromboinCode kit (FererinCode) was used to
identify the variants included in this panel. It is
important to note that all of these genetic variants
have functional effects on the coagulation cas-
cade. All except the Al carriers are gain or loss-of
function variants. ThromboinCode® (TiC) enables
diagnosis of hereditary thrombophilia (By analyz-
ing genetic variants affecting different points of
the blood coagulation cascade function, promot-
ing the development of VTE) and is also a clinical
genetic function for assessing the risk of VTE.

It has to be noticed that all of our patients have
been previously tested to factor V Leiden and pro-
thrombin mutation, and to be included in the study
they had to be normal.

Since a number of polymorphisms were investi-
gated, each of them with a very different preva-
lence in the control group, and with, if any, a dif-
ferent increase in the study patients, no sample
size calculation was done. In deed some of the
polymorphisms (SERPIN A10 and C1) have not
been previously tested in RM/RIF.

For the statistical analysis, the results obtained in
the RM and RIF were compared separately with
the control group. Later, RM/RIF was compared
with the control cases and RM cases was com-
pared with RIF cases. Finally, RM, RIF and RIF
/RM were compared with general Spanish popula-
tion described by Soria (20). Comparisons were
made with Fisher exact test, following the stand-
ard criteria of applicability and age was compared
using t-test. The odds ratio (OR), its standard er-
ror and 95% confidence interval were calculated
according to Altman (1991) (22), while zeros
cause problems with computation of the odds ratio
or its standard error, 0.5 is added to all cells (23,
24). Significance was established at p<0.05.

Calculation of costs was made based on follow-
ing costs of the market analysis in the private cen-

ter which include Factor V Leiden study (160 Eu-
ros), prothrombin study (160 euros), Thrombo-
incode (277 euros).

Ethical consideration: Ethics approval and con-
sent to participate: Institutional Board approval
(CEIC reference no. E16/48) and informed con-
sent were obtained.

Results

All groups in our study showed similar age but it
was significantly lower than the age in the popula-
tion described by Soria (Table 1). Also the preva-
lence of smokers was higher in general Spanish
population.

No significant differences were observed be-
tween groups when studying Al carriers, FXII,
SERPIN C1 or SERPIN E10 polymorphisms. In
fact, these polymorphisms showed a very similar
pattern in all groups.

Regarding FXIII, a trend to higher values was
observed in RM (69,76%) and RIF/RM group
(68,42%) when compared with our control group
(52.94%), but significant differences were only
found in the RIF cases (70%) (p=0.043) (OR=
2.76, CI=1.21-6.31). Also when comparing our
control group with the general Spanish popula-
tion, it was found that values in both control
groups are similar and the differences between
RIF and population control reached significance
again (p=0.01). Nevertheless, it has to be high-
lighted that frequencies in RM, RIF and RM/RIF
group were very similar, so statistical differences
might be found only by increasing the number of
patients.

On the other hand, as expected, no FV or Fll
cases were observed in the study groups (Data not
shown), since all the patientsto be included in our
study had to be previously tested (And negative)
for FV and FII.

When comparing RM with RIF group, a very
similar pattern in all the polymorphisms studied
was observed.

Discussion

Both RM and RIF may be caused by a number of
conditions, but standard diagnostic work-ups fail
to find a cause in a number of them. In recent
years, thrombophilia study has received an in-
creased attention in RM/RIF study.

Although results are controversial, usual stand-
ard inherited thrombophilia RM/RIF study in-
cludes Factor V Leiden deficiency, activated pro-
tein C resistance, prothrombin G20210A and pro-
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Table 1. Thromboincode results and epidemiological data

Infertile General
RIF+RM RIF RM Control Spanish
n=76 n=36 n=43 population population P OR Cl
n=34 n=249
0.66°
b
Age 37,07£3,71  37,7£3,73 36,79+3,7 36,75+3,15 49.0+14.9 842126 N/A N/A
*Olol()la’b'c'
0.172
0.61P
Smoking 9(11,84%)  3(75%) 6 (13,95%) 1(2,94%) 101 (40.7%) 0.12¢ N/A N/A
*0,00012"
*0.0006%
0.2720.4%
ABO-AL1 carriers 22 (28,94%) 14 (35%)  9(20,93%) 14 (41.17%) 87 (35.7%) 100.71% N/A N/A
0.07¢0.08°
0.092 0.59¢
FXII (T) rs1801020 0 0 0 2 (5,05%) 5 (2.02%) 0.230 1%’ N/A N/A
0.19° 1¢ o
1a, a’ O
SERPIN A10 (T) rs2232698 1(1,31%) 1 (2,5%) 0 0 4(1.61%) 10 0.49* N/A N/A s
1c,c' 2
12 0.41% o
SERPIN C1 (T) rs121909548 1 (1,31%) 1(2,5%) 0 0 1 (0.40%) 17 023" N/A N/A 8
c,C
1 2
*8'322860(6);5 192* 084-441° 3
FXIII (G) rs5985 52 (68,42%) 28 (70%) 30 (69,76%) 18 (52,94%) 139 (56.5%) 0.15° 0.09° 276" 121-631" 3
‘ ' 2.05° 0.80-5.23° -
=
O

a: RIF+RM vs. control; a”: RIF+RM vs. general Spanish population; b: RIF vs. control; b™: RIF vs. general Spanish population; c: RM vs. control; ¢”: RM vs. general =
Spanish population)

tein S deficiency and, sometimes methylenetetra-
hydrofolate reductase mutations (5-7, 11). Other
coagulation abnormalities, including impaired fi-
brinolytic activity, factor XII deficiency and re-
duced activated partial thromboplastin time have
also been reported to be associated with RM, but
the corresponding epidemiological data are lim-
ited (9).

Notwithstanding, even applying conventional
thrombophilia studies, RM/RIF study is frustrat-
ing for both the couple and the medical team,
since in close to 50%, no cause is diagnosed. Re-
garding costs, Thromboincode costs were 266
euros, which is less expensive than performing
separately the analysis of factor V Leiden and pro-
thrombin mutation (320 euros=160+160), which
are included in Thromboincode analysis.

This is the reason why we subjected our couples
to an extended thrombophilia detection which ac-
curately predicted thrombosis events in the adult.
Our test studied 5 single nucleotide polymorphi-
sms (SNP) with the highest individual odds ratio
for venous thrombosis (25) (Factor V Leiden, PT

G20210A, Al blood group, 1 SNP in the Fibrino-
gen - gene, 1 in the Factor XI gene) as well as
some rare genetic variants linked to the throm-
bosis risk, with stronger effects in the carriers,
such as the SERPIN C1 gene (26), the R67X in
SERPIN A10 gene (27), or Ser219Gly in the
PROCR gene (28). There is a strong belief that
RSA patients with unknown etiology have a mul-
tifactorial condition and that genetic and envi-
ronmental elements play a key role (9).

It should be highlighted that two of the more
prevalent thrombophilia types (Factor V deficien-
cy and prothrombin mutation), which are included
in the Thromboincode were previously systemati-
cally analyzed in our patients, constituting an ex-
clusion criteria for the present study.

There might be some concern regarding the
composition of the Spanish population group,
where about 56% of the cases were males, and
where the mean age was 12 years higher than the
one in the study group. Also, there are fewer
smokers in the study groups, probably because
patients included in our study were young women
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trying to achieve pregnancy. Regarding gender, it
has to be highlighted that in the healthy popula-
tion, there are no differences in the prevalence of
thrombophilia conditions, as in the majority of
genetic polymorphisms. Concerning the higher
age in the control group, in our opinion, it was the
strength of our study design. Some patients that
perhaps could be part of the healthy control group
at a young age, could be carrier of a thrombophil-
ia type that some years later could have experi-
enced some vascular injuries or coagulation and
then not fulfilling the control criteria at an older
age. In agreement with this, some authors have
constituted their control group only with post-
menopausal women (29).

Concerning our findings, it has to be highlighted
that both RM and RIF patients had a very similar
panel of thrombophilia polymorphisms, suggest-
ing that, in both, thrombophilia plays a similar
role, at least for the polymorphisms studied be-
fore.

The most relevant finding of our study was the
increased frequency of FXIII Val34Leu polymor-
phism in the RM and RIF cases when compared
with the control group. The main hemostatic func-
tion of FXIII is the mechanical stabilization of
fibrin clot and the protection of newly formed fi-
brin from the prompt elimination by fibrinolysis
(30). Its importance is underlined by the severe
bleeding diathesis of patients with severe FXIII
deficiency (31, 32). However, FXIII also exerts
antithrombotic effect by the inhibition of platelet
adhesion to fibrin polymers (30). The most com-
mon FXIII polymorphisms is the point mutation
of G — T in the 2nd exon of the FXIII A-subunit
gene, that leads to conversion of Val to Leu with-
in codon 34 (FXIII Val34Leu). This polymorph-
ism produces an acceleration of the activation of
FXIMI (30, 33, 34) and impacts the clot stability
and cross- linking activity (35, 36). Besides, the
polymorphism also influences the structure of fi-
brin in a fibrinogen concentration dependent man-
ner (37). At high fibrinogen concentration, plasma
samples from individuals homozygous for the Leu
allele form clot with thicker fibers, increased per-
meability, looser structure and increased suscepti-
bility to fibrinolysis than plasma clots from wild
type individuals. Furthermore, FXIII is in wound
healing and angiogenesis (30).

Although there is considerable variation among
different series, in a number of meta-analyses it
has been shown that the polymorphism FXIII-A
Val34Leu has a protective effect on the incidence

of coronary disease and myocardial infarction
(38).

The relationship of Val34Leu with RM is con-
troversial (39-41). However, in a very recent me-
ta-analysis, it has been shown that FXIII-A
Val34Leu is associated with an increased risk of
RM (9). Part of the discrepancies in studies ana-
lyzing the relationship between RM and Val/Leu
FXIII polymorphism could be related with the
remarkable differences in the frequency of the
polymorphism Val34/Leu in the general popula-
tion. It has been reported that the Leu34 allele is
present in approximately 25% of Europeans, much
less frequent in Africans and it is missed in Asians
(International HapMap project, www.hapmap.org)
(30). Surprisingly, almost 70% of our study pa-
tients were carriers of the Val34/Leu polymorph-
ism, although this was statistically significant only
for the RIF group (OR=2.76, Cl=1.21-6.31), since
in our control group there was a high frequency of
Val34/Leu carriers. RM and RM+RIF groups,
even if they do not reach statistical significance,
probably due to the modest number of control
cases, OR values should be outlined (OR=2.05,
ClI=0.80-5.23 and OR=1.92, CI=0.84-4.41).

In our opinion, the reported findings of the high
frequency of Val34/Leu polymorphism in RM and
RIF presumably speak in favor of a multifactorial
RM genesis, where an altered thrombophilia sta-
tus plays a role. The analysis of multiple genes
gives help in the understanding of complex situa-
tion of RM+RIF.

The importance of the gene—gene, SNP-SNP,
and gene environment interactions should be tak-
en into account (9), as well as the possibility that
poor pregnancy outcomes may also be associated
with fetal thrombophilia by inheritance of mater-
nal and paternal genes (21).

Conclusion

Concerning our findings, both RM and RIF pa-
tients had a very similar panel of thrombophilia
polymorphisms, suggesting that, in both, throm-
bophilia might have an important contribution.
High frequency of Val34Leu polymorphism in
RM/RIF presumably speaks in favor of a multi-
factorial RM genesis, where an altered thrombo-
philia status plays a role.

Conflict of Interest
Authors” declare that they have no competing in-
terests.
Funding: Not applicable.

80 S 5 Reprod Infertil, Vol 20, No 2, Apr-Jun 2019

Al mamwy/:dny woly papeojumoq



10

11.

12.

13.

References

. Jauniaux E, Farquharson RG, Christiansen OB, Ex-

alto N. Evidence-based guidelines for the investiga-
tion and medical treatment of recurrent miscarriage.
Hum Reprod. 2006;21:2216-22.

. Rai R, Regan L. Recurrent miscarriage. Lancet. 2006;

368(9535):601-11.

. Rubio C, Pehlivan T, Rodrigo L, Simon C, Remohi

J, Pellicer A. Embryo aneuploidy screening for un-
explained recurrent miscarriage: a minireview. Am J
Reprod Immunol. 2005;53(4):159-65.

. Bradley LA, Palomaki GR, Bienstock J, Varga E,

Scott JA. Can factor V leiden and prothrombin
G20210A testing in women with recurrent preg-
nancy loss result in impoved pregnancy outcomes):
Results from a targeted evidence-based review. Ge-
net Med. 2012;14(1):39-50.

. Coulam CB, Jeyendran RS, Fishel LA, Roussev R.

Multiple thrombophilic gene mutations rather than
specific gene mutations are risk factors for recurrent
miscarriage. Am J Reprod Immunol. 2006;55(5):
360-8.

. Dawood F, Farquharson R, Quenby S, Toh CH. Ac-

quired activated protein C resistance may be a risk
factor for recurrent fetal loss. Fertil. Steril. 2003;80
(3):649-50.

. Rey E, Kahn SR, David M, Shrier I. Thrombophilic

disorders and fetal loss: a meta-analysis. Lancet.
2003;361:901-8.

. McNamee K, Dawood F, Farquharson R. Recurrent

miscarriage and thrombophilia: an update. Curr
Opin Obstet Gynecol. 2012;24(4):229-34.

. Li J, Wu H, Chen Y, Wu H, Xu H, Li L. Genetic

association between FXIII and B-fibrinogen genes
and women with recurrent spontaneous abortion: a
meta- analysis. J Assist Reprod Genet. 2015;32(5):
817-25.

. Christiansen OB, Nielsen HS, Kolte AM. Future

directions of failed implantation and recurrent mis-
carriage research. Reprod Biomed Online. 2006;13
(1):71-83.

Bellver J, Soares SR, Alvarez C, Mufioz E, Rami-
rez A, Rubio C, et al. The role of thrombophilia
and thyroid autoimmunity in unexplained inferti-
lity, implantation failure and recurrent spontaneous
abortion. Hum. Reprod. 2008;23(2):278-84.

Timeva T, Shterev A, Kyurkchiev S. Recurrent im-
plantation failure: the role of the endometrium. J
Reprod Infertil. 2014;15(4):173-83.

Azem F, Many A, Ben Ami |, Yovel I, Amit A,
Lessing JB, et al. Increased rates of thrombophilia
in women with repeated IVF failures. Hum Re-
prod. 2004;19(2):368-70.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Diaz-Nufiez M, et al. [NARd

Grandone E, Colaizzo D, Lo Bue A, Checola MG,
Cittadini E, Margaglione M. Inherited thrombophi-
lia and in vitro fertilization implantation failure.
Fertil Steril. 2001;76(1):201-2.

Qublan HS, Eid SS, Ababneh HA, Amarin ZO,
Smadi AZ, Al-Khafaji FF, et al. Acquired and in-
herited thrombophilia: implication in recurrent IVF
and embryo transfer failure. Hum Reprod. 2006;21
(10):2694-8.

Geva E, Amit A, Lerner-Geva L, Azem F, Yovwel |,
Lessing JB. Autoimmune disorders: another possi-
ble cause for in-vitro fertilization and embryo
transfer failure. Hum Reprod. 1995;10(10):2560-3.

Nelson SM, Greer IA. The potential role of heparin
in assisted conception. Hum Reprod Update. 2008;
14(6):623-45.

Martinelli I, Battaglioli T, Mannucci PM. Scree-
ning of thrombophilia in women with failure of
embryo implantation: far from being recommen-
ded. Haematologica. 2003;88(12):ELT36.

Simur A, Ozdemir S, Acar H, Colakoglu MC, Gor-
kemli H, Balci O, et al. Repeated in vitro fertiliza-
tion failure and its relation with thrombophilia. Gy-
necol Obstet Invest. 2009;67(2):109-12.

Soria JM, Morange PE, Vila J, Souto JC, Moyano
M, Trégouét DA, et al. Multilocus genetic risk sco-
res for venous thromboembolism risk assessment. J
Am Heart Assoc. 2014;3(5):e00106.

Goodman CS, Coulam CB, Jeyendran RS, Acosta
VA, Roussev R. Which thrombophilic gene muta-
tions are risk factors for recurrent pregnancy loss?
Am J Reprod Immunol. 2006;56(4):230-6.

Altman DG. Practical statistics for medical re-
search. 1st ed. London: Chapman and Hall; 1991.
624 p.

Pagano M, Gauvreau K. Principles of biostatistics.
2nd ed. Belmont, CA: Chapman and Hall; 2000.
584 p.

Deeks, J.J., Higgins, J.P.T., 2010. Statistical algo-
rithms in review manager 5. Statistical methods
group of the cochrane collaboration. August 2010.
Available from https://training.cochrane.org/hand-
book/statistical-methods-revman5.

de Haan HG, Bezemer ID, Doggen CJ, Le Cessie
S, Reitsma PH, Arellano AR, et al. Multiple SNP
testing improves risk prediction of first venous
thrombosis. Blood. 2012;120(3):656-63.

Corral J, Hernandez-Espinosa D, Soria JM, Gonza-
lez-Conejero R, Ordonez A, Gonzalez-Porras JR,
et al. Antithrombin Cambridge 1l (A384S): an un-
derestimated genetic risk factor for venous throm-
bosis. Blood. 2007;109(10):4258-63.

J Reprod Infertil, Vol 20, No 2, Apr-Jun 2010 [ G 81

Arulmamwy/:dny wody papeojumod



JRI Thrombophilia Panel in RM and RIF

27.

28.

29.

30.

31.

32.

33.

34.

82

Corral J, Gonzalez-Conejero R, Soria JM, Gonza-
lez-Porras JR, Pérez-Ceballos E, Lecumberri R, et
al. A nonsensepolymorphism in the protein Z-de-
pendent proteaseinhibitor increases the risk for
venous thrombosis. Blood. 2006;108(1):177-83.

Dennis J, Johnson CY, Adediran AS, de Andrade
M, Heit JA, Morange PE, et al. The endothelialpro-
tein C receptor (PROCR) Ser219Gly variant an-
drisk of common thrombotic disorders: a HUGE re-
view and meta-analysis of evidence from observa-
tional studies. Blood. 2012;119(10):2392-400.

Walch K, Riener EK, Tempfer CB, Endler G, Hu-
ber JC, Unfried G. The C46T polymorphism of the
coagulation factor XIl gene and idiopathic recu-
rrent miscarriage. BJOG. 2005;112(10):1434-6.

Bagoly Z, Koncz Z, Harsfalvi J, Muszbek L. Fac-
tor XIII, clot structure, thrombosis. Thromb Res.
2012;129(3):382-7.

Karimi M, Bereczky Z, Cohan N, Muszbek L. Fac-
tor XIII deficiency. semin. Thromb Hemost. 2009;
35(4):426-38.

Muszbek L, Bagoly Z, Cairo A, Peyvandi F. Novel
aspects of factor XIII deficiency. Curr Opin Hema-
tol. 2011;18(5):366-72.

Ariéns RA, Philippou H, Nagaswami C, Weisel
JW, Lane DA, Grant PJ. The factor XIlI V34L
polymorphism accelerates thrombin activation of
factor XIlI and affects cross-linked fibrin structure.
Blood. 2000;96(3):988-95.

Wartiovaara U, Mikkola H, Szoke G, Haramura G,
Karpati L, Balogh |1, et al. Effect of Val34Leu
polymorphism on the activation of the coagulation
factor XIII-A. Thromb Haemost. 2000;84(4):595-
600.

35.

36.

37.

38.

39.

40.

41.

Kohler HP, Ariéns RA, Whitaker P, Grant PJ. A
common coding polymorphism in the FXIII A-sub-
unit gene (FXIIVal34Leu) affects cross-linking
activity. Thromb Haemost. 1998;80(4):704.

Suzuki K, Henke J, lwata M, Henke L, Tsuji H,
Fukunaga T, et al. Novel polymorphisms and ha-
plotypes in the human coagulation factor XIII A-
subunit gene. Hum Genet. 1996;98(4):393-5.

Lim BC, Ariéns RA, Carter AM, Weisel JW, Grant
PJ. Genetic regulation of fibrin structure and fun-
ction: complex gene-environment interactions may
modulate vascular risk. Lancet. 2003;361(9367):
1424-31.

Voké Z, Bereczky Z, Katona E, Adany R, Musz-
bek L. Factor XIII Val34Leu variant protects against
coronary artery disease. a meta-analysis. Thromb
Haemost. 2007;97(3):458-63.

Lépez Ramirez Y, Vivenes M, Miller A, Pulido A,
Lépez Mora J, Arocha-Pifiango CL, et al. Preva-
lence of the coagulation factor X1l polymorphism
Val34Leu in women with recurrent miscarriage.
Clin Chim Acta. 2006;374(1-2):69-74.

Bagheri M, Rad IA, Omrani MD, Nanbaksh F. The
Val34Leu genetic variation in the A subunit of
coagulation factor XIII in recurrent spontaneous
abortion. Syst Biol Reprod Med. 2011;57(5):261-4.

Barbosa HC, Carvalho EC, Barini R, Siqueira LH,
Costa DS, Annichino-Bizzacchi JM. Tyr204Phe
and Val34Leu polymorphisms in two Brazilian
ethnic groups and in patients with recurrent misca-
rriages. Fertil Steril. 2004;82(5):1455-7.

S 5 Reprod Infertil, Vol 20, No 2, Apr-Jun 2019

Arulmamwy/:dny wody papeojumod



