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Whole exome sequencing revealed biallelic
IFT122 mutations in a family with CED1
and recurrent pregnancy loss

To the Editor:

Cranioectodermal dysplasia-1 (CED1), also known
as Sensenbrenner syndrome (MIM 218330), is charac-
terized by skeletal, craniofacial, and ectodermal abnor-
malities (1). Here, we report a family with CED1 and
recurrent abortions.

I-2, 39-year-old woman, was referred to our hospital
for consultation regarding recurrent abortions. Although
she had one healthy boy (1I-2), she suffered from two
artificial abortions due to fetal hydrops at 13 weeks
of gestation (II-1) and skeletal anomalies at 21 weeks
of gestation (II-8), one intrauterine fetal death with
hydrops at 13 weeks of gestation (II-7), and four recur-
rent miscarriages (II-3 at 6 weeks, II-4 at 8 weeks, 11-5
at 8 weeks, and II-6 at 7weeks) (Fig. 1a). Postmortem
physical findings of II-8 included a skull deformity and
blisters beside the nasal bridge due to obstetric inter-
vention, low set ears, nuchal edema, a narrow thorax,
and acromelic shortening of the limbs, posterior bow-
ing of the lower legs and bilateral 2-3 toe syndactyly
(Fig. 1b). Postmortem radiography and 3-D computed
tomography showed generalized skeletal alterations
which were thought to fit to CEDI, though the sharp
angulation of the tibiae was very unusual (Fig. 1b).

Exome sequencing was performed in I-2, II-2, and II-
8 as previously described (2). We identified compound
heterozygous mutations in /FT122 in the fetal skeletal
anomalies (II-8): c.1108delG (p.E370Sfs*51) in exon
11 and ¢.1636G>A (p.G546R) in exon 14 was inherited
from his mother (Fig. 1c,d). Of note, we confirmed the
same compound heterozygous mutations (c.1108delG: 2
of 29 clomes, ¢.1636G>A: 13 of 30 clones) by capillary
sequence of polymerase chain reaction (PCR) product
from cloned DNA from paraffin-embedded chorionic
villi (TI-6) (Fig. 1e). Accordingly, ¢.1108delG found in
II-6 and II-8 was presumed to be inherited from the
father, though it was not directly confirmed.

Walczak-Sztulpa et al. reported homozygous mis-
sense mutations of IFTI22 in three patients from
two consanguineous pedigrees with CED1: p.V553G
in family CED-01, p.S373F in family CED-02, and
compound heterozygous mutations, ¢.5024+5G>A and
p-W7C in one sporadic case, family CED-03 (1) (Fig.
1c). The four patients with JFTI22 mutations showed
skeletal anomalies. We found compound heterozygous

592

mutations in a fetus with skeletal anomalies (I1-8) and
the villous tissues (II-6). Clinical skeletal features of
the aborted fetus (1I-8) are consistent with those of the
reporied CED patients carrying biallelic [FT122 muta-
tions. Because they were found in the villous tissues
(I1-6) that was sequenced, biallelic IFT122 mutations
may have caused some of the recurrent abortions in this
family. All four IFT122 missense mutations (including
ours) are predicted to be damaging for IFT122 function
(Table 1).

CED1 belongs to a group of short rib dysplasias,
including Ellis van Creveld syndrome, Jeune asphyxi-
ating thoracic dysplasia, short rib polydactyly syndrome
(SRPS) I (Saldino-Noonan), SRPS II (Majewski), SRPS
III (Verma-Naumoff) and SRPS IV (Beemer-Langer)
(3). The skeletal manifestation of the present fetus
shared some features with other short rib dysplasias.
For example, humeral bowing resembles that commonly
seen in Ellis van Creveld syndrome. Severe tibial angu-
lation was somewhat reminiscent of tibial hypoplasia in
SRPS II (Majewski type). Generally, CED1 is a non-
lethal disorder. However, the present family showed
recurrent abortions, which can be considered as the
severest phenotypes caused by biallelic /FT/22 muta-
tions in human. Interestingly, [f#/22-null mice show
multiple developmental defects with embryonic lethal-
ity consistent with recurrent pregnancy loss in our
family (4).

On the basis of the assumption that recessive
mutations may cause recurrent pregnancy loss, the
literatures have been carefully reviewed, but only a
homozygous HERG mutation in a family were found
to show recurrent intrauterine fetal loss (5).

In conclusion, we were able to find causative
IFTI122 mutations in a non-consanguineous family with
recurrent abortions. This information is useful for future.
counseling including preimplantatory diagnosis in this
family.
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Fig. 1. Clinical finding of fetal skeletal anomalies (II-8) and genetic studies. (a) Familial pedigree. II-1 and T-8 were artificially terminated, II-3,
II-4, II-5, 1I-6 and II-7 were spontaneously aborted. * DNA was available. (b) Clinical photographs and 3D computed tomography of II-8. (i-v)
Postmortem physical findings included a skull deformity due to obstetric intervention, blisters beside the nasal bridge, low set ears, nuchal edema, a
narrow thorax, and acromelic shortening of the limbs, anterior bowing of the lower legs and bilateral 2—3 toe syndactyly. (vi—vii) Postmortem 3-D
computed tomography showed generalized skeletal alterations. The thorax was narrow with short ribs. The lower tibs showed a wavy appearance.
The spine and ilia were normal. The long bones were not apparently short. However, the humeri were medially bowed, and the tibiae showed
sharp bending at their proximal part. Ossification of the proximal and middle phalanges was defective. (¢) The gene structure of IFT722 (upper)
and its protein structure (lower) containing seven WD40 domains (blue). Mutations found in this family and in the previous report are depicted
above and below the protein, respectively. (d) Sequence electropherogram of family members. Compound heterozygous mutations are indicated in
1I-8, while healthy members (I-2 and I-2) only carry one of the two mutations. (e) Sequence electropherogram of the villous tissue at 7 weeks of
gestation (II-6). Amplified PCR products were cloned into pCR4-TOPO vector and each clone was subjected to sequencing. Compound heterozygous
mutations are indicated.
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Does surgery improve live birth rates in patients with recurrent
miscarriage caused by uterine anomalies?
g.L

M. Sugiura-Ogasawara’, B.-L. LG2 K. Aoki3, T. Maruyama®, M. Nakatsuka®, N. Ozawa®, T. Sugi’,

T. Takeshita® & M. Nishida®

Department of Obstetrics and Gynecology, Nagoya City University, Graduate School of Medical Sciences, 2Department of Obstetrics
and Gynecology, Kawasaki Municipal Hospital, Kawasaki, *Aoki Ladies Clinic, Nagoya, “Department of Obstetrics and Gynecology, Keio
University School of Medicine, Tokyo, *Faculty of Health Sciences, Okayama University Medical School, Okayama, SDepartment of
Obstetrics and Gynecology, Tokyo Medical Center, Tokyo, ”Sugi Women's Clinic Laboratory for Recurrent Pregnancy Loss, Kanagawa,
8Department of Obstetrics and Gynecology, Nippon Medical School, Tokyo and °Department of Obstetrics and Gynecolcgy, National

Hospital Organization Kasumigaura Medical Center, Ibaragi, Japan

We found that congenital uterine anomalies have a negative
impact on reproductive outcome in recurrent-miscarriage
couples, being associated with further miscarriage with a
normal embryonic karyotype. There has been no study compar-
ing live birth rates between patients with and without surgery.
We conducted a prospective study to prove that surgery fora
bicornuate ot septate uterus might improve ‘the live birth rate.
Atotal of 170 patients WIth congemtal uterine anomalies
suffering two or more mrscamages were examined. The live
birth rate after ascertainment of anomahes, cumulative live -
brrth rate and mfertihty rate, were compared between pat;ents

both groups; while the cumuiatwe live birth. rate
to be h:gher than without surgery (60 G%) Surgy;

weight. The posssblhty that surge as beneﬁ’erfor i;avmg a
baby in patients with a septate uferus suffering recurrent
miscarriage could not be ex“cluded _

Keywords: Bicornuate: uterus \genital uterine anomaly,
metroplasty, recurrent pregnancy loss,’ septate uterus

Introduction

Established causes of recurrent miscarriages are antiphospho-
lipid aatibedy syndrome (APS), abnormal chromosomes in
either partner and in particular, translocations and chromosomal
abnormalities in the embryo (Farquharson et al. 1984; Ogasawara
et al. 2000; Sugiura-Ogasawara et al. 2004). We found that con-
genital uterine anomalies have a negative impact on reproductive
outcome in recurrent-miscarriage couples, being associated with
further miscarriage with a normal embryonic karyotype (Sugiura-
Ogasawara et al. 2010).

Affected patlents are effered surgery in an attempt to restore
the uterine arratomy, as shown in the literature (Jones and Jones
1953; Strassman

1961; Goldenberg et al. 1995; Jacobsen and
nmbxz:s ‘et al. 1998; Karande and Gleicher

2 EY
In our Ere\nous study, 78% of panents thh anomalies who

_did not undergo surgery could give live birth cumulatively
" (Sugiura-Ogasawara et al. 2010). The general assumption is that
- operations can increase successful pregnancies, but there have
_ “beenno randmmsed control trials comparing pregnancy outcome

| between cases with and without surgery in patients with a history

of recurrent miscarriage (Kowahk etal. 2011).

Since information concerning prognosis in such women is
limited and there has been no case~control study comparing live
birth rates between patients with and without surgery for bicor-
nuate or septate uterus in individuals with a history of recur-
rent miscarriage, despite regular performance of this technique
worldwide, the present multicentre investigation was performed.
This was the first prospective study comparing the live birth rate
between patients with and those without surgery.

Materials and methods
Patients

This prospective study was performed in Nagoya City Univer-
sity Hospital, Kawasaki Municipal Hospital, Aoki Ladies Clinic,
Hirosaki University Hospital, Keio University Hospital, Okayama
University Hospital, Tokyo Medical Center, Toyama University
Hospital, Sugi Women's Clinic, Nippon Medical School Hospital
and National Hospital Organization Kasumigaura Medical Cen-
ter. Patients with a history of =2 (2-9) consecutive miscarriages
or =1 stillbirth, who visited the hospitals during the period
between January 2003 and June 2009, were enrolled in this study.

Hysterosalpingography (HSG), transvaginal ultrasound (US),
chromosome analysis for both partners, determination of aPL,

Correspondence: M. Sugiura-Ogasawara, Department of Obstetrics and Gynecology, Nagoya City University, Graduate School of Medical Sciences,

Mizuho-ku, Nagoya, 4678601, Japan, E-mail: og. mym@smed.nagoya-cu.ac.jp
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?ﬁ
and blood tests fsr@;erﬂxyroidism, diabetes mellitus and hyper-

1 A total of 170 patients with a bicornuate or septate uterus could 60
2 prolactinaemia were performed for all patients before their subse-  be followed up. Baseline characteristics are shown in Table I. We 61
3 quent pregnancy. found no differences between the two groups. 62
4 HSG and/or 2D US were used as the initial screening tools. Subsequent pregnancy outcomes are summarised in Table II. g3
5  Laparoscopy/laparotomy and/or MRI were performed to ascer- A total of 78 of the 96 pregnant patients with a septate uterus g4
6 tain the type of anomaly (investigating both the uterine cavityand ~ (81:3%) treated with surgery bad a successful outcome, while .
7 the external uterine contours) in accordance with the American  this was the case for eight of the 13 (61.5%) without surgery at
g Fertility Society classification of Miillerian anomalies (American ~ the subsequent first pregnancy (difference not significant). Eight 67
o Fertility Society 1988; Pellerito et al. 1992; Woelfer et al. 2001).  ©f 12 pregnant patients with a bicornuate uterus (66.7%) treated s
1o Tompkin’s Index >25% was the criterion used to distinguish with surgery and 22 of 28 patients (78.6%) without surgery gave a 69
between arcuate uterus and mild septate or bicornuate uterus live birth, respectively (not significant).
1 (Tompkins 1962). A bicornuate uterus was distinguished froma ~_[n total, 83 of 96 (86.5%) patients with a septate uterus treated 70
12" septate uterus when a fundal indentation dividing the two cornua  With surgery; nine of 13 (69.2%) patients with a septate uterus 71
13 was detectable (American Fertility Society 1988). and without surgery; nine of 12 (75.0%) patients with a bicor- 72
14 nuate uterus treated with surgery and 24 of 28 (85.7%) patients 73
15 Surgery without surgery could have a living. baby cumulatively within the 74
16 Patients with a bicornuate uterus wishing surgical treatment follow-up period (not significant).. 75
17 before subsequent pregnancies underwent a Strassmann metro- Infertility rates for patients with a septate uterus treated with
18 plasty mainly in the National Hospital Organization Kasumigaura ~a0d without surgery, and with a bi cornuate uterus treated with
1o Medical Center (Strassmann 1961). The majority of patients with ~ and without surgery were 11.9% vs 13.3% and 14.3% vs 6.3%, 8
5 @ septate uterus underwent transcervical resection (TCR), or a respectively. There were no significant differences. 79
5 Jomes modified metroplasty in the Kawasaki Municipal Hospital, Final live birth rates per pers ‘including infertility rates were 80
the National Hospital Organization Kasumigaura Medical Cen-  76-1% v560.0% in septate cases and 64.3% vs 75.0% in bicornuate
22 ter and Nippon Medical School Hospital (Jones and Jones 1953;  ©35¢S, respectively. Regzrdmg a‘septate uterus, the live birth rate 81
23 Goldenberg et al. 1995). of patients who réceived surgery tended to be higher than that of 82
24 patients without surgery after including infertile patients. Age at 83
25 Follow-up diagnosis was found to'be an independent risk factor (p=0.013, 84
26 The outcomes of patients with a bicornuate or septate uterus were ~ OR 1.148; 95% confidence interval (CI): 1.029-1.280). 85
27 followed up by telephone as far as possible. In the present study: The frequency of preterm birth and low birth weight in gg
28 (1) the first pregnancy outcome after ascertainment of anomalies. patients without surgery tended to be higher than that in patients 87
29 was determined for both septate and bicornuate uterus cases, ~With surgery (p=0.058, p=0.023, Table III). The frequency of 38
30 comparing patients with or without surgical correction; (2) the” caesarean section in patients with surgery was significantly higher 89
37 infertility rates were compared between patients with and without *_ than that in patients without surgery (p=0. :006). However, when 90
surgery; infertility was determined as not pregnant after 1 year: ; i;;cornua:e and septate uterus cases were distinguished, the differ- o1
32 o trying to conceive; (3) all pregnancy outcomes after system- ~€0ces were not significant.
;Z atic examination were assessed and the final live birth rate of the gg
patients, including infertile patients calculatec 5 :
35 The study was approved by the Research Ethics Goni‘m‘mee o Discussion 94
36 the Nagoya Clty Umvers;ty Medical Schoo} The present multicentre Sﬁidy illustrated the pOSSibﬂity that sur- 95
37 The analysis was carried out using the SPSS for Wmdows, ver-  gery might be effective for increasing the chance of having a live 96
38 sion 19.0. Multivariate logxstxoanalys% e Perfgrmed to exam- Dbaby in septate uterus cases suffering recurrent miscarriage. To 97
39 ine the association of a subsequentl' n‘th. with the presence of ~ our knowledge, this is the first study of pregnancy outcomes of og
40 surgery, age and the number of preyious miscarriages. A value of ~ patients with congenital uterine anomalies comparing surgery gq
41 P<0.05was consxdered o be: statisncally significant. and' DO surgery groups (Kowahk et al. 2011). Although the study 100
) design was not a randomised control trial, the results are gener-
42 ally positive. Selection bias was relatively small because there was 101
43 Results S no difference in the baseline characteristics. 102
44 A total of 227 patients had congenital uterine anomalies: 56 had Chan et al. (2011) conducted a systematic review and con- 103
45 partial or complete bicornis unicolli; 145 a septum; 12 a unicornis ~ cluded that the prevalence of uterine anomalies was not higher 104
46 and 14 a didelphys. None of them had hypoplasias/agenesis or in women with infertility (8.0%; 95% CI: 5.3-12.0, p=0.239) 105
47 DES drug-related anomalies. One patient with a bicornuate uterus  but higher in women with a history of miscarriage (13.3%; 95% 106
48 also had a translocation in one partner. CI: 8.9-20; p=1001 1) compared with that in an unselected 107
49 108
50 109
51 Table I. Baseline characteristics of patients with congenital uterine anomalies (mean % SD). 110
52 Septate (n=124) Bicornuate {11 = 46) 111
53 112
54 With surgery ~ Without surgery With surgery  Without surgery 113
55 (n=109) (n=15) p value (n=14) (n=132) p value 114
56 Age (years) 329+40 337 %40 NS 33.1+42 31.0%39 0.097 115
57 Previous miscarriages  2.74+1.48 293%1.16 NS 2.86+2.07 2.75%1.14 NS 116
58 Previous stillbirths 0.20 £0.49 0.13%0.35 NS 050%1.34 0.16 = 0.51 NS 117
59 Previous live births 0.10+0.38 0.13+0.35 NS 0.14%20.36 0.06=0.25 NS 118
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Table 11. Comparison of successful pregnancy outcomes between patients with and without surgery.

Septate (n=124)

Bicornuate (n=46)

Without With Without
With surgery surgery surgery surgery
(n=109) (n=15) (n=14) {(n=32)
n (96) n (%) pvalue OR 95% CI n (%) n (%) pvalue OR 95% CI
Live birth rate at the first 78/96 813 8/13 615 0.289 2.034 0.547-7.556 8/12 667 22/28 78.6% 0266 0.378 0.068-2.095
pregnancy after
examination
Infertility rate after 13 119 2 133 NS 2 143 2 6.3 NS
diagnosis
Cumulative live birth rate 83/96 865 9/13 692 0100 3.081 0.871-1.157 9/12 750 24/28 857 0.610 0.614 0.094-4.007
Cumulative live birth rate  83/109 76.1 9/15 60.0 0189 2.214 0.677-7.240 9/14 643 24/32 750 0.319 0475 0.011-2.052
per patient

*One fetus of a patient with a bicornuate uteriis was terminated at 20 weeks gestation because of a fetal anornaly. This case was excluded {mm the analysis. The case with both
2 bicornuate uterus and translocation miscarried because of embryomc unbalanced chromosomes and was also excluded from the anaiysxs

population (5.5%; 95% CI: 3.5-8.5). The prevalence of anoma-
lies in women with two or more miscarriages (10.9%; 95% CL:
3.6~33.3) was not significantly different from that in women
with three or more miscarriages (15.4%, 95% CL 10.3-23,
p=0.572). The prevalence of drcuate uterus, as diagnosed
by optimal tests, was not increased in infertile women (1.8%;
95% CI: 0.8-4.1) or in women with a history of miscarriage
(2.9%; 95% CI: 0.9-9.6),as compared with that in an unselected
population (3.9%;95% CI: 2.1-7.1). Arcuate uterus seems to be
a normal variant and not a uterine anomaly. Thus, we exciuded
patients with arcuate uterus in the present study. According
to the systematic review carried out by/Chan et al. (201 1},
prevalence of major uterine anomalies/in women thh miscar.
riage was 10.4%. ok i‘i‘f’}

Several studies concerning the obstetric outcome ﬁer removalk

of a uterine septum have been reported (Goldenberg et al. 1995;
Jacobsen and DeCherney 1997; Grimbizis et al. 1998; Karande
and Gleicher 1999; Lee and Hickok 2000; ‘Patton et al.
Kormayos et al. 2006). Lee and Hickok {2000} des
uncomplicated delivery rate per pregnzi _woman after hyst-
eroscopic septum resection. Kormanyos et al. (2006) compared
pregnancy outcome after removal of septum between cases with
and without a residual septum-in patients. with a hxstory of two
or three miscarriages and concluded the hve birth rate in cases
with no remnant was sig ntly higher. The live birth rate per
pregnancy after surgery was repbrted to be 68-80%. However,
the live birth rate per patient could be calculated to be 54-64%
(Sugiura-Ogasawara et al 2013) Both live birth rates were lower
than those (81.3% per pregnancy and 76.1% per patient) in our
present study.

Surgery here 1mpmved the live birth rate of patients with a
septate uterus from 61.5%: to 81.3%, though the difference was
not significant. One of the most meertant complications of sur-
geryis speculated to.be ernhty «caused by operative adhesion.
However, the) infertility rates ‘were found to be similar to that
without surgery in the present study. The cumulative live birth
rate also tended to be  higher after including the infertile cases.
Furt‘flermore, rates for preterm birth and low birth weight
were s:gmﬁcarg ghxgher in patients without surgery.

A reoen ‘cohort study indicated that the presence of an
aly.w assocxated with preterm birth < 34 weeks (adjusted

~odds ratio, OR, 7.4; 95% CI: 4.8-11.4; Pp<0.01); preterm birth
7 <37 weeks (OR, 5.9, 95% CI: 4.3-8.1; p < 0.01); primary
< non-breech ca¢sarean delivery (OR, 2.6; 95% CL: 1.7-4.0;
“p < 0.01); preterm premature rupture of membranes (OR, 3.2;
.95% CI: 1.8-5.6; p<0.01) and breech presentation (OR, 8.6;

95% CI: 6.2-12.0; p <0.01) (Hua et al. 2011).

Regarding a bicornuate uterus, Strassmann metroplasty was
mainly performed here and surgery did not appear to influence
the live birth rate or the cumulative live birth rate. Thus, surgery
demonstrated no benefit in patients with a bicornuate uterus, for
having a baby. While, preterm birth was less frequent in patients
receiving surgery, it occurred from 32 to 35 weeks’ gestation.

It proved difficult to examine the significance of the distinc-

tion between septate and bicornuate uteri because of the absence 9

of internationally established criteria. However, it is important
to distinguish between the two, especially regarding selection
of surgical methods because TCR. for the bicornuate uterus may
cause a risk of perforation of the uterine fundus. HSG is the diag-
nostic modality which most often leads to a tentative diagnosis

Table I1I. Preterm birth, low birth weight and caesarean section rates in patients with a bicornuate or a septate uterus.

Bicornuate or septate Septate Bicornuate
Without With Without
With surgery surgery With surgery ~ Without surgery surgery surgery
n (%) n (%)  pvalue n (%) n (%) p value n (%) n (%)  pvalue
Preterm birth 4/87 4.6 5/32 156 0.058 4/79* 51% 1/8 12.5 NS 0/8 Q 4/24 167 NS
Low birth weight 4/87 4.6 6/32 188 0.023  4/7% 5.1 1/8 125 NS 0/8 0 524 208 NS
Caesarean section  54/87 62.1 11/32 344 0.006 49/79 620  5/8 62.5 NS 5/8 625 6/24 227 0.068
Other remarks Abruptio
placenta
(31w, 37w)

*PFour patients with twin pregnancies suffered preterm delivery and were excluded.
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of congenital anomalies. We ascertained the type of anomaly in
accordance with the American Fertility Society classification of
Miillerian anomalies, using laparoscopy or MRI for a final diag-
nosis (American Fertility Society 1988). Further study is needed
to establish criteria based on comprehensive evidence.

Since the live birth rate will clearly depend on the method of
metroplasty and the technique of each gynaecologist, we need to
examine the outcome per centre, but this was hampered in this
case by the small sample size. The live birth rate might depend on
the length of the septum.

Congenital uterine anomalies have a negative impact
on reproductive outcomes in recurrent-miscarriage couples
(Sugiura-Ogasawara et al. 2010; Chan et al. 2011; Sugiura-
Ogasawara et al. 2013). Our study showed the possibility that
surgery might improve the live birth rate, preterm birth rate and
low birth weight, with no influence on the infertility rates, in
patients with a septate uterus. However, the difference was not
statistically significant. This might be due to the small number of
patients not treated surgically (8/13). Surgery did not appear to
have any benefit for having a live birth in patients with a bicornu-
ate uterus, although it tended to reduce preterm birth. The differ-
ence was not statistically significant. This might also be due to the
fact that there were only eight patients for analysis without sur-
gery. A larger cohort study or a randomised control trial should
now be conducted to ratify the present findings.
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Abstract

Background: Established causes of recurrent pregnancy loss (RPL) include
antiphospholipid syndrome, uterine anomalies, parental chromosomal
abnormalities, particularly translocations and abnormal embryonic karyotype. A
systematic review concluded that coagulation factor XII (FXII) deficiency was
associated with RPL. However, it could not be established whether the 46 C/T SNP
of FXII or low activity of FXIl was a risk factor for RPL, because of the small sample
size.

Methods and Findings: We conducted a cross-sectional and cohort study in 279
patients with two or more unexplained consecutive pregnancy losses and 100
fertile women. The association between the lupus anticoagulant (LA) activity and
FXIl activity was examined. The frequency of the CC, CTand TT genotypes and the
FXIl activity were also compared between the patients and controls. Subsequent
miscarriage rates among the CC, CT, TT genotypes and according to the FXIi
activity was examined. LA was associated with reduced FXII activity. The CT, but
not the TT, genotype was confirmed to be a risk factor for RPL in the cross-sectional
study using multivariate logistic regression analysis (OR, 2.8; 95% Cl, 1.37-5.85).
The plasma FXII activity in the patients was similar to that in the controls. Neither
low FXII activity nor the CT genotype predicted the subsequent pregnancy outcome
in the cohort study. On the other hand, and intermediate FXII activity level of 85—
101% was predictive of subsequent miscarriage.
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Conclusions: Low FXII activity was not associated with RPL. The FXII gene was
found to be one of the significant susceptibility genes for RPL, similar to the FV
Leiden mutation. However, the clinical influence of the CT genotype might be
relatively small, because the presence/absence of this genotype did not have any
predictive value for the subsequent pregnancy outcome. This was the first study
indicating the influence of FXII 46C/T on further pregnancy outcomes.

Introduction

Recurrent miscarriage (RM) is classically defined as three or more consecutive
miscarriage [1]. However, many researchers have now revised the definition to
two or more pregnancy losses, namely recurrent pregnancy loss (RPL), because of
the recent increase in the prevalence of childless couples. The estimated incidence
of RM and RPL are 1% and 5%, respectively [1]. Established causes of RPL
include antiphospholipid syndrome (APS), uterine anomalies, and chromosomal
abnormalities, particularly translocations, in either partner [1-4]. However,
according to reports, in about a half of the cases seen at research centers, the cause
remains unexplained despite conventional examinations conducted to identify the
cause [5,6]. Recently, we found that an abnormal embryonic karyotype was the
most frequent cause of 2 or more RPL, accounting for as high as 41% of all the
cases [7].

APS, acquired thrombophilia, is the only one treatable cause of RPL, and
combined low-dose aspirin and heparin treatment having been shown to improve
the live birth rate in patients with APS [8,9]. Heritable thrombophilia has been
reported to be associated with RM [10, 11].

Coagulation factor XII (FXII) is an 80-kDa serine protease that is involved in
the initiation of the intrinsic pathway of the coagulation cascade. It is converted to
its active form (activated factor XII, XIIa) by limited proteolysis [12], either by
autoactivation on the surface of negatively charged compounds or by kallikrein
[13]. Although FXII deficiency is associated with a prolonged activated partial
thromboplastin time (aPTT), it is not associated with increased bleeding [14]. A
C/T polymorphism has been identified in the promoter region of the FXII gene at
nt46. The 46C/T polymorphism creates a new initiation codon (ATG) for
transcription of the mRNA and a frameshift that produces a truncated protein.
The T allele destroys the Kozak’s consensus sequence (GCCAGCCATGG) for
translation initiation signaling and prevents proper recognition of the translation
initiation site. The T allele is therefore well-known to be associated with low
plasma levels of factor XII [15]. The existence of associations between low FXII
activity levels and thrombotic outcomes has been under debate for more than a
decade.

We previously reported that the miscarriage rate of patients with low FXII
activity (less than 39%) was significantly higher than that of patients with normal
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FXII activity [16]. We also found that the frequency of the T allele did not differ
between the women with a history of RPL and control fertile women [17].
However, the association between the C/T polymorphism or FXII activity and
RPL could not be clearly elucidated, because the sample size was relatively small.

Thus, we conducted this cross-sectional and cohort study to determine the
clinical significance of C/T polymorphism and FXII activity. We examined the
association between 46C/T polymorphism and RPL, and between FXII activity
and RPL in the cross-sectional study. We examined whether 46C/T polymorphism
or FXII activity influenced the subsequent miscarriage rate in the cohort study.
This was the first study to investigate the influence of FXII SNP on the subsequent
pregnancy outcome.

Materials and Methods

Patients and controls

All patients were seen at Nagoya City University Hospital between September
2008 and July 2012. The study group consisted of 279 Japanese women with two
or more consecutive pregnancy losses.

All patients underwent systematic examination, including hysterosalpingogra-
phy, chromosome analysis of both partners, determination of aPL, including
lupus anticoagulant (LA), by 5x-diluted aPTT, diluted Russel’s viper venom time
(RVVT) and B2 glycoprotein I-dependent anticardiolipin antibody determination
(B2GPI-aCL), and blood tests for hypothyroidism and diabetes mellitus, before a
subsequent pregnancy [18]. Criteria for exclusion from the analyses included the
presence of uterine anomalies and chromosomal abnormalities in either partner.
Patients with a history of thromboembolic events, pre-eclampsia, or abruptio
placentae were also not included. The plasma samples for measurement of the
FXII levels were obtained from the patients during the high phase of the basal
body temperature (BBT).

Nine patients were positive for LA and 8 were positive for B2GPI-aCL. Of the
17, 7 patients were diagnosed as having APS, based on the persistence of the aPLs
for more than 12 weeks.

Subsequent pregnancies of all patients were followed up until February 2013.
Gestational age was calculated from BBT charts. Ultrasonography was performed
once a week from 4 to 8 weeks of gestation. Dilation and curettage was performed
in patients diagnosed as having miscarriage. A part of the villi was cultured, and
the cells were harvested after 6-22 days of cultivation for chromosomal analysis
using the standard G-banding technique.

Furthermore, 100 women with at least one child and no history of infertility or
miscarriage were examined as controls. The control subjects consisted of 26
medical staff and 74 patients with dysplasia of the uterine cervix recruited from
Nagoya City University Hospital from April to July 2013. None of the patients or
controls were receiving any medication or were pregnant at the time of the study.
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Ethics statement

This study was conducted with the approval of the Research Ethics Committee of
Nagoya City University Graduate School of Medical Sciences. Each patient
provided written consent after receiving a thorough explanation about the
purpose of the study and the methods to be employed.

Cross-sectional study

The FXII activity was compared between the 17 patients with aPLs and 262
patients without aPLs in the cohort with RPL. The 17 patients with aPLs were
excluded from further analysis. The characteristics of the 262 patients and 100
controls are shown in Table 1.

The allele frequencies of the CC, CT, TT genotypes of the FXII gene and FXII
activity were compared between the 262 patients and 100 controls. We analyzed
the data separately for the patients with a history of 3 or more early miscarriages
before 10 weeks of gestation and those with a history of intrauterine fetal death
(IUFD) in this cross-sectional study.

Cohort study

In the present cohort, the subsequent miscarriage rate was compared among the
untreated 101 patients with a history of 3 or more early miscarriage with the CC,
CT or TT genotype and according to the FXII activity.

A total of 39 of the 262 patients received heparin plus aspirin or aspirin alone in
deference to the patient’s wishes even after she has been provided information
that aspirin or heparin had, in general, no effect on the live birth rate in cases of
unexplained recurrent miscarriage [19]. These patients were excluded from the
cohort study.

Statistical Analyses

The FXII activity between patients with and without aPLs was compared by
student t-test.

The FXII activity was compared according to the genotype by one-way analysis
of variance (ANOVA) and Tukey’s multiple comparison test. The allele frequency
was compared by the chi-squared test. Pearson’s correlation coefficient was
calculated between the aPTT and FXII activity, and between the age and FXII
activity.

Multivariate logistic regression analyses were performed to examine the
association of subsequent miscarriage, after adjusting for age and the number of
previous miscarriages. FXII activity levels were categorized as high, normal or low
using the 90" percentile, 95® percentile and 99™ percentile of the values in the
controls. Furthermore, the FXII activity levels were also was categorized as high,
normal and low according to the CC, CT and TT genotype using the 90
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Table 1. Genotype and FXIl activity in 17 patients with antiphospholipid antibodies.

-aPTT—positie tients 9.8 negative negative CT 50
: 8.7 négative : 'negative CT 54
8.3 negative negative CT 56
8.2 negative “negative o CcT 107
10.9 negaﬁve negative T 54
9 : negative : negative - T 50
8.1 negative negative TT 57
8 13 negative : TT 53
7.4 negative . hegative TT 65 ’
Mean (SD) value : L e 60.7 (17.9)
B2GPIl-aCL-positive patients negative negative 4.6 CT 111
negative negative 2.8 s CcT 116
negative negative 2.4 CT 92
negative * negative 2 CT 1563
negative negative 10.7 TT 54
negative - negative ’ 76 P TT 58
negative negative 54 TT 63
negative negative 2.3 1T 51
Mean (SD) value 87.3 (37.0)

10-90" percentile of FXIl activity according to CC, CT and TT genotype were 101-141, 72-120 and 46-77.

doi:10.1371/journal.pone.0114452.t001

percentile of the values in the controls. The FXII activity levels were also
categorized into quartiles of the patients.

For the post-hoc power analysis of the genotype frequency, we used a total of
362 subjects at an o of 0.05.

All the analyses were carried out using the statistical software SPSS, Version 21.
P<C0.05 was considered to denote statistical significance.

Genetic Analysis

Venous blood samples were collected in tubes containing K2 ethylenediamine

tetraacetic acid and applied to genomic DNA extracting columns (QIAmp DNA
blood Midi; Qiagen, Tokyo, Japan) according to the manufacturer’s protocol.

Polymerase chain reaction (PCR) was performed on genomic DNA samples using
a Phusion High-Fidelity DNA Polymerase (NEW ENGLAND BioLabs, Finland).
One pL (about 10 ng) solution (DNA preparation) was used as a template for the
PCR. Exon 1 of the FXII gene was amplified by PCR using the sense and antisense
primers 5 CCAGTCCCACTATCTAGAAAAG-3' and 5" ATGGCTCATGGCTGT-
GATAG-3’, respectively. After initial denaturation at 98°C for 30 seconds, 35

cycles (98°C for 10 seconds, 61.9°C for 30 seconds, and 72°C for 15 seconds) and
final extension at 72°C for 5 minutes were used to amplify 369-base pair products.
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The substitution of 46C to T substitution is located 4 bases upstream from the
translation initiation codon ATG, a region corresponding to the Csel (New
Engrand BioLabs, Beverly, MA) restriction site (GACGC), which is therefore
destroyed (46T). To analyze the polymorphism by electrophoresis, the samples
were separated on 2% agarose gels (Takara, Japan) after enzyme digestion and
stained with ethidium bromide.

To confirm the genotype, purified templates were sequenced with the BigDye
Terminator v3.1 Cycle Sequencing kit (ABI Prism, Applied Biosystems, Foster
City, CA, USA) on a 3100 automated sequencer.

Factor XlI activity

Plasma samples were prepared in tubes containing 3.2% sodium citrate by
centrifugation at 4°C at 3,000 rpm for 10 minutes. The plasma samples were then
stored at —40°C until use. The FXII activity was determined by a clotting assay
using coagulation factor XII kits (HemosIL, Instrumentation Laboratory, USA). A
major domestic laboratory company performed the FXII activity measurements.
The intra-assay CV for the high activity control was 2.98%, and that for the low
activity control was 4.03%.

Results

Nine patients were positive for LA-aPTT and one was positive for both LA-aPTT
and LA-RVVT (Table 1). The FXII activity in patients with LA was significantly
lower than in the patients without LA (60.7 +17.9% vs. 83.4 +29.3%; p=0.02).
EXII activity in 8 patients with f2GPI-aCL alone was 87.3 4+37.0 (not significantly
different). Thus, we excluded the 17 patients with aPLs from the following
comparison.

The mean age of the fertile controls was higher than that of the patients
(p=0.002, Table 2). Eleven patients gave a history of previous intrauterine fetal
death (IUFD). Secondary RPL was 18.7%.

The results of the cross-sectional study are shown in Table 3. The wild-type
(CC), heterozygote (CT) and homozygote (TT) alleles for the FXII gene were
observed in 22 (8.4%), 139 (53.1%) and 101 (38.5%) patients with RPL vs. 17
(17.0%), 38 (38.0%) and 45 (45.0%) controls. The frequency of CT in the patients
with RPL was significantly higher than that in the controls (OR, 2.83; 95% ClI,
1.37-5.85; p=0.005). The frequency of TT in the patients also tended to be higher
than that in the controls. The statistical power for the frequency of CT was
sufficient (1—B=0.79), while that for the frequency of TT was insufficient
(1—PB=0.31). The frequency of CT in the patients with 3 or more early
miscarriage tended to be higher than that in the controls (OR, 2.32; 95% CI, 0.98—
5.49; p=0.06).

In regard with the C/T ratio, the frequency of T allele in the patients was similar
to that of controls.
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Table 2. Characteristics of 262 patients with a history of recurrent pregnancy losses and 100 control healthy women with a history of live birth.

" No. of patients
Mean age (SD) - -
Mean (SD) No. of previous miscarriages

o O gk W N

Mean (SD) No. of'previous intrauterine fetal death
0

1-2

Mean (SD) No. of previous live births

Primary : '

Secondary

100

352 (4.7) 21-42

0

16 (0.7)
; ,
100

262
335 (4.6) 21-45
2.58 (0.79)

141

98

19

1

2

)

0.05 (0.23)

251 (95.8%)
11.(4.2%)

0.20 (0.44)

213 (81.3%)

49 (18.7%)

121
33.8 (4.8) 2145
3.26 (0.69)

08

19

q

2

1

0.04 (0.24)

117 (96.7%)

4 (3.3%)

0.26 (0.48)

91 (75.2%)

30 (24.8%)

doi:10.1371/journal.pone.0114452.1002

The differences in the activity levels between the CC and CT (p<<0.001), CT and
TT (p<<0.001) and CC and TT (p<<0.001) genotypes in the patients, and between
the CC and CT (p<<0.001), CT and TT (p<<0.001) CC and TT (p<<0.001)

Table 3. Cross-sectional study: The frequencies of the CC, CT and TT genotypes and the factor Xl| activities in the 262 patients and 100 controls.

Total 100 262

17

" OR (95% Cl) OR (95% Cl) 1 OR (95% Cl)
CC 17.(17) 22 (8.4) reference 11.(9.4) reference 0 : reference
CT 38 (38) 139 (53.1) 2.83 (1.37-5.85) 57 (48.7) 2.32 (0.98-5.49) 8 (72.7) -
0.005 0.056
T 45 (45) 101 (38.5) 1.73 (0.84-3.58) 49 (41.9) 1.68 (0.71-3.98) 3(27.3) -
i 0.136 Dl ’ 0.235
CT,TT 83 (83) 240 (91.6) 2.23 (1.13-4.41) 106 (90.6) 1.97 (0.88—4.44) 11 (100) -
0.021 0.100
C/T ratio 0.36/0.64 0.34/0.66 . 0.34/0.66 0.36/0.64
The factor Xl activities: mean (SD) value and range
Total Xl activity = 83.8 (28.6) 83.8 (29.1) 80.9 (29.0) 71.8 (14.4)
40-143 37-178 37-145 51-94
cc 123.1 (14.3) 126.1 (17.7) 125.2 (14.1) -
97-143 87-160 97-143
CT 943 (18.5) ©89.2 (25.8) 89.9 (22.4) 74.5 (12.5)
: - 55-129 -37-178 37-145 61-94
TT 60.0 (14.5) 65.8 (21.6) 61.6 (17.8) 64.7 (19.5)
40-115 37-139 37-137 51-87
doi:10.1371/journal.pone.0114452.t003
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genotypes in the controls were significant. ANOVA revealed no significant
difference in the mean FXII activity levels between the patients and controls.
Twenty-seven of the 262 (10.3%) patients and 10 of the 100 (10%) controls
showed decreased FXII activity (<<50%), the difference in the percentage not
being significant. A weak correlation coefficient between the aPTT and FXII
activity was observed (r=-0.479). There was no correlation between the FXII
activity and age.

The subsequent miscarriage rate in patients with RPL was 26.0% (68/262). A
total of 32 (47.1%) miscarried conceptuses could be karyotyped, of which, 15
(46.9%) had a normal karyotype and 17 (53.1%) had an abnormal karyotype.

Association between the subsequent miscarriage rate and the FXII genotype or
FXII activity in the 101 untreated patients with a history of RM was analyzed
(Table 4). The miscarriage rates were 30.0%, 21.2% and 30.8% in the patients
with the CC, CT and TT genotypes, respectively. According to the results of the
logistic regression analysis, there was no increase in the miscarriage rate associated
with the presence of CT and TT as compared to that associated with the presence
of CC. A similar result was obtained after excluding cases with miscarriage caused
by an abnormal embryonic karyotype.

The logistic regression analysis also showed no significant increase in the
miscarriage rate associated with low or high FXII activity levels, classified using
the cutoff values of 10-90™ percentile, 5-95™ percentile and 1-99™ percentile of
the control values (Table 4). The frequencies obtained using the latter two cutoffs
seemed to be insufficient to detect any significant differences (not shown). The
multivariable analyses showed no significant increase in the miscarriage rate
associated with FXII activity levels even after excluding cases with an abnormal
embryonic karyotype.

Furthermore, when the FXII activity was categorized into high, normal or low
classified using the 10-90" percentile of the control values for each of the CC, CT
and TT genotypes, the logistic regression analysis showed significant increase in
the miscarriage rate associated with high FXII activity level (OR, 5.65; 95% CI,
1.24-25.64; p=0.03). However, the difference disappeared after exclusion of cases
with an abnormal embryonic karyotype. When the FXII activity was categorized
into quartiles, the intermediate level, that is, a FXII activity level of 85-101%,
predicted subsequent miscarriage (OR, 4.65; 95% CI, 1.06-20.4; p=0.04). The
result remained significant after excluding cases with an abnormal embryonic

karyotype.

Discussion

The FXII activity in the 9 patients with LA was significantly lower than that in the
patients without LA in the present study. This was in line with the results of
Gallimore’s study [20]. LA might include antibodies to factor XII, as an
association has been reported between the presence of antibodies to factor XII and
recurrent fetal loss in patients with APS [21]. In the present study, there was no
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Table 4. Cohort study: Subsequent miscarriage rate according to the genotype and FXI! activity in 101 untreated patients with a history of recurrent miscarriage.

Genotype  CC
. CT
TT
FXI1l activity - --Normal
(10-90™ o
percentile)®
High
Low
Genotype Normal
and FXII
activity
(10-90™
percentile)
High
Low

 FXIl activity - —56
(quartile) -

57-84
85-101
102—

30.0% (3/10)
21.2% (11/52)
30.8% (12/39)

31.3% (22/83)

37.5% (3/8)

10.0% (1/10)

25.3% (19/75)

66.7% (6/9)
5.9% (1/17)
10.3% (3/29)

31.8% (7/22)
36.0% (9/25)
28.0% (7/25)

refree
0.40 (0.08-1.96)
1.04 (0.23-4.72)

reference

1.66 (0.37-7.52)
0.29 (0.04-2.57)
reference

5.88 (1.34-25.64)
0.18 (0.02-1.48)

reference

4.05 (0.91-18.18)
4.88 (1.15-20.83)
3.37 (0.77-14.71)

0.26
0.96

0.51

0.28

0.02
0.11

0.07
0.03
0.11

referenc
0.40 (0.07-1.96)
0.79 (0.17-3.73)
reference

1.96 (0.41-9.35)
0.35 (0.04-3.01).-
reference

5.65(1.24-25.64)

0.20 (0.02-1.62)
reference

3.60 (0.78-16.40)
4.67 (1.06-20.41)
3.23 (0.71-14.49)

- 0.26

0.77

0.40
0.34

-0.03

0.13

0.10

0.04

0.13

22.2% (2/9)

19.:8% (10/51)
20.6% (7/34)
20.8% (16/77)

28.6% (2/7)
10.0% (1/10)
21.1% (15/71)

50.0% (3/6)
5.9% (117)
7.1% (2/28)

25.0% (5/20)
33.3% (8/24)
18.2% (4/22)

reference

0.86 (0.15-4.76)

0.90 (0.15-5.38)

reference

152 (0.27-8.62)
0.42.(0.05-3.60)
reference

7.75 (0.68-20.41)
0.23 (0.03-1.90)
reference

4.33 (0.75-25.00)
6.49 (1.22-34.48)
2.89 (0.48-17.54)

0.86
0.92

063

043

028

017

0.10

003

0.25

reference

0.50 (0.08-3.06)

0.68 (0.11-4.18)
reference

1.84 (0.31-10.99)

0.50 (0.06-4.31) .

reference

4.22 (0.73-24.4)
0.24 (0.03-2.07)
reference

3.86 (0.64-23.26)

6.37 (1.15-34.48)

2.76 (0.44-17.54)

046
0.68

0.50
0.52

0.11
0.24

0.14
0.03
0.28

a; odds ratio, b; confidence interval, c; Normal 50-127, High 128-, Low -49,
d; CC 101-141, CT 72-120, TT 46-77.

doi:10.1371/journal.pone.0114452 1004
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difference in the FXII activity levels between the patients and controls after
patients with LA were excluded.

In our previous study, we failed to show an association between LA and
reduced FXII activity levels because we compared only patients with the TT
genotype [17]. We previously reported that low FXII activity, but not an
associated common genetic polymorphism, 46C/T, was linked to RPL [17]. A
systematic review concluded that FXII deficiency is associated with RM [22].
Pauer et al. reported that 10 of 67 women with primary recurrent abortion
(14.9%) and 4 of 33 women (12.1%) with secondary recurrent abortion had
reduced factor XII activity (<60%), while all controls had normal FXII activity
[23]. However, they checked for only anticardiolipin antibody, and not LA. These
results could be attributable to the inclusion of patients with LA.

Low levels of FXII was confirmed not to influence the subsequent miscarriage
rate when the cutoff values were based on the 90" percentile, g5th percentile and
99" percentile of the control values. We previously reported that the miscarriage
rate in patients with low FXII activity levels (less than 39%) was significantly
higher than that in the patients with normal activity levels [16]. The sample size in
our previous study was relatively small, because 4 of the 5 untreated patients with
FXII activity levels of less than 39% developed miscarriage. The present study
included the largest sample size, and was the first prospective cohort study.

CT genotype, but not the TT genotype was confirmed to be a risk factor for
RM. We found no association between 46C/T polymorphism and RPL in a
previous study, because the frequency of this SNP was similar between the
patients and controls (0.31/0/69 and 0.31/0.69) [17]. We did not conduct
comparisons according to the genotype distribution, although the frequencies of
CC, CT and TT in the patients and controls were 9.6%, 43.4% and 47.0% and
16.4%, 29.9% and 53.7%, respectively, in our previous study, being quite similar
to those in the present study.

Walch et al. demonstrated that the genotype distribution was not significantly
different between a RM group of 212 patients and a control group of 149 women
in Middle-European Caucasian population [24]. It is speculated that the
distribution of the risk alleles might show ethnic differences.

Johnson et al. found a very weak association between myocardial infarction and
the CT+TT genotype (OR 1.13, 95% CI 1.00-1.27), and suggested that this was
caused by low FXII level activity because of the T allele [25]. We found a similar
association between the CT+TT genotype and RPL (Table 3), however, only CT
was significant, not TT. The statistical power for the frequency of CT was
sufficient (1—p=0.79). The statistical power for the frequency of TT was
insufficient and (1—p=0.31). This implies that a larger study might have
possibilities to show the significant of differences for the TT genotype.

That the T allele might act via other mechanism(s), such as endothelial
dysfunction, and not via low FXII activity, to induce myocardial infarction and
miscarriage. LaRusch found that FXII initiates signaling to induce human
umbilical vein endothelial cell proliferation, growth and angiogenesis [26]. FXII as
a growth factor stimulates angiogenesis after ischemia, inflammation, and injury,
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just like vascular endothelial growth factor. FXII plays various roles in vivo: FXII
triggers the plasma contact system via the kallikrein kinin-system and intrinsic
coagulation pathway, and zymogen FXII functions as a growth factor that
mediates cell signaling leading to proliferation and stimulation of angiogenesis.
EXII might have another role of maintaining pregnancy.

Low levels of FXII did not increase the subsequent miscarriage rate when the
cutoff values were based on the 90 percentile, 95 percentile and 99™ percentile
of the control values. Activity levels of 85-101%, which fall in the second highest
quartile, and not low FXII activity levels, were found to predict subsequent
miscarriage. This intermediate range might correspond to the CT genotype,
because the reported mean (SD) FXII activity in patients with the CT genotype is
89.2 (25.8), even though the CT genotype itself did not influence the likelihood of
subsequent miscarriage.

Many cross-sectional studies have been reported on associations between
polymorphism and RPL, such as 4G/4G for plasminogen activator inhibitor-1
polymorphisms (OR 11.0, 95% CI 2.3-52.4), protein Z intron F G79A
polymorphism (OR 0.3, 95% CI 0.1-0.8) and Annexin A5’s -1C/T (OR 2.7, 95%
CI 1.0-6.7) [27-29]. However, the clinical significance could not be established
because most were not cohort studies. Our cross-sectional study confirmed that
variations in the ANXAS5 gene upstream region, especially SNP5, were risk factors
for RPL, and our cohort study concluded that the presence/absence of the ANXAS
risk allele did not have any significant predictive effect on the subsequent
pregnancy outcome [30].

FXII activity level in the intermediate range, that is, 85-101% was predictive of
subsequent miscarriage. The FXII activity is increased in old age, in females,
during pregnancy, during intake of an oral contraceptive. The influence of age
could be ignored, although all the patients were younger than the control women,
because there was no correlation between the FXII activity and age in the present
study. We could not measure FXII activity in duplicate. These are some
limitations of the present study. Further study is needed because this was a new
finding.

The CT genotype of the FXII gene was confirmed to be a risk factor for RPL,
but it was not shown to serve as a reliable clinical predictor of the subsequent
pregnancy outcome. Therefore, we propose that testing for this allele is not
needed, as it is without clinical benefit and is an unnecessary expense.
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