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Introduction

Recently, several studies have observed associations between
recurrent pregnancy loss and factor XII (FXII) deficiency.1–3

Schved et al1 reported cases where three young women with
FXIIdeficiencieshadaclinicalhistoryof spontaneousabortion.
Braulke et al2 reportedeight patientswithmoderately reduced

levels of FXII among43patientswith recurrent pregnancy loss.
Gris et al3 evaluated the prevalence of hemostatic abnormali-
ties in 500 consecutive women with unexplained recurrent
pregnancy loss. They found that 9.4% of patients exhibited an
isolated FXII deficiency.

Some reports have revealed a high incidence (20.9%) of
FXII deficiency in patients who were positive for lupus
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Summary Background Factor XII (FXII) deficiency and autoantibodies that bind to FXII (anti-FXII)
have been described in patients with adverse pregnancy outcomes, including recurrent
pregnancy loss. It has been reported that FXII functions not only as a coagulation
protein but also as a growth factor.
Objectives We studied the association between anti-FXII and the epidermal growth
factor (EGF) system in patients with recurrent pregnancy loss.
Patients/Methods We used synthetic peptides that span the second EGF-like domain
in the heavy chain of FXII (EGF2) in inhibition and direct binding studies to determine if
anti-FXII antibodies recognize EGF2. Furthermore, we examined whether anti-FXII
antibodies, which recognize EGF2, also recognize recombinant EGF and heparin-
binding EGF-like growth factor (HB-EGF).
Results Among 100 patients with recurrent pregnancy loss, the plasma of 23 patients
(23.0%) recognized the synthetic peptide ASQ41, which covers EGF2. Among the 23
anti-ASQ41-positive patients, plasma samples from 13 patients (56.5%) recognized the
22-residue segment C-terminal half of ASQ41. Among the 23 anti-ASQ41-positive
patients, the plasma of 17 patients (73.9%) recognized recombinant human EGF.
Affinity-purified anti-FXII antibodies, which recognize ASQ41, also recognized recom-
binant EGF family proteins such as EGF and HB-EGF.
Conclusions The autoantibodies in patients with recurrent pregnancy loss recog-
nized the EGF2 domain in FXII and other proteins of the EGF family. Since proteins in the
EGF family play an important role in normal pregnancy, autoantibody-associated
disruption of the EGF system may cause pregnancy loss.
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anticoagulant (LA).4 They hypothesized that anti-FXII auto-
antibodies (anti-FXII) might be present in several patients
who were positive for LA and that the possible formation of
immune complexes led to reduced FXII levels. They reported
that many LA-positive patients were also positive for anti-
FXII according to enzyme-linked immunosorbent assay
(ELISA) and surface plasmon resonance.5

Although some studies have reported that FXII deficiency
is a risk factor for recurrent pregnancy loss,1–3 others failed
to find such an association.6 Pauer et al generated mice with
FXII deficiency using a gene-targeting approach.7 Interest-
ingly, they reported that normal litter sizes resulted from
mating FXII�/� male mice and FXII�/� female mice, which
suggests that total FXII deficiency did not affect pregnancy
outcomes.7 Iwaki and Castellino also revealed that in female
mice homozygous for FXII deficiency, normal deliveries with
normal litter sizes were observed.8

Jones et al9 revealed that, comparedwith the levels of FXII in
patients without anti-FXII antibodies, the levels of FXII were
significantly lower inpatientswithanti-FXII.This suggests that
reduced levels of FXII resulted from the formation of immune
complexes and subsequent sequestration. They also suggest
that the presence of anti-FXII demonstrated a strong and
significant correlation with recurrent pregnancy loss.10 Auto-
antibodies to FXII, rather thanFXII deficiency,may thereforebe
a risk factor for recurrent pregnancy loss.

Epitope mapping analysis indicated that antibodies from
most patients with recurrent pregnancy loss recognized the
heavy chain of FXII, but not the light chain, and that the
antigen-binding site of anti-FXII comprises amino acids 1–30
(IPP30) in the heavy chain of FXII.11 Among plasma samples
from 17 patients with recurrent pregnancy loss who were
positive for anti-FXII antibodies, the antibodies from 13
patients (76.5%) recognized the IPP30 peptide. Bradford et
al revealed that activated FXII inhibited the interaction
between thrombin and platelets.12 They also revealed that
binding of FXII to platelets was inhibited by a monoclonal
antibody, whose epitopes have been mapped to amino acids
1–28 and amino acids 134–153 in the fibronectin type I
domain of FXII.13,14 This suggests that anti-FXII species that
recognize IPP30 in patients with recurrent pregnancy loss
may inhibit FXII binding to platelets, which leads to throm-
bosis and pregnancy loss. Results from our previous study15

supported this hypothesis and demonstrated that exoge-
nously added polyclonal antibodies against IPP30 markedly
increased γ-thrombin-induced platelet aggregation in vitro.
Furthermore, it was reported that, in a murine model, anti-
FXII infusion (or infusion of anti-IPP30 antibodies) induced
placental thrombosis and hemorrhage as well as increased
placental apoptosis.16 In addition, fewer mitotic cells, de-
creased trophoblast giant cell invasion, and more shrunken
cells in the decidua were observed.

Most studies have focused on FXII as a coagulation protein
that is essential for surface-activated blood coagulation tests.
However, it has also been reported that FXII functions as a
growth factor.17–19 FXII consists of afibronectin type II domain
(Fib2), an epidermalgrowth factor (EGF)-like domain (EGF1), a
fibronectin type I domain (Fib1), a second EGF-like domain

(EGF2), a kringle domain, a proline-rich region, and a catalytic
domain. In our previous epitope mapping study, the N-termi-
nal half of the FXII heavy chain including EGF1was examined;
however, EGF2 has not yet been studied.11

In the present study, we used synthesized peptides for
inhibition and direct-binding studies to determine if anti-
FXII species in patients with recurrent pregnancy loss recog-
nize EGF2. Furthermore, we examined whether autoanti-
bodies against EGF2 (anti-EGF2) in patients with recurrent
pregnancy loss recognize other proteins of the EGF family.

Materials and Methods

Patients
From December 2017 to March 2018, plasma samples from
100 patientswith recurrent pregnancy losswhowere referred
to Sugi Women’s Clinic (Yokohama, Japan) were studied.

Patients with recurrent pregnancy loss had three or more
pregnancy losses before 10 weeks of gestation. Pregnancy
losses did not include ectopic pregnancies or elective abor-
tions. Each patient was evaluated for uterine anomalies
according to three-dimensional vaginal ultrasound, endocrine
monitoring (e.g., hemoglobin A1C, fasting blood sugar, and
thyroid function tests), FXII activity, anti-FXII, antinuclear
antibodies, anti-EGF2, and the presence of antiphospholipid
antibodies such as LA, anticardiolipin (aCL) antibodies, and
antiphosphatidylethanolamine (aPE) antibodies. The mean
age of the patients was 35.8 (range: 24–48) years, and the
mean number of pregnancy losses was 3.2 (range: 3–5). No
patient had a history of thrombosis. In terms of autoimmune
disease, three patients had Hashimoto’s thyroiditis. Whenwe
obtained plasma specimens, no patient was pregnant or had
received any treatment.

LAwasmeasured by the dilute Russell’s viper venom time
(dRVVT) method using a dRVVT kit purchased from Medical
& Biological Laboratories (Nagano, Japan) according to the
manufacturer’s recommendations.

The aCL were measured by ELISA using a MESACUP kit
purchased from Medical & Biological Laboratories (Nagano,
Japan) according to the manufacturer’s recommendations.

The level of aPE was measured by ELISA following a
previously described method.17–19 We screened patients
for aPE because our previous study suggested that 37.5% of
patientswith recurrent pregnancy losswhowere positive for
anti-FXII antibodies were also positive for aPE and that these
autoantibodies may have similar structures and functions.15

We also recruited 65 healthy female volunteers who were
not pregnant and who had no history of miscarriage. Blood
sampleswerecollected innonactivatingplastic tubes including
0.109mol/L trisodium citrate (9:1 v/v). After centrifugation,
plasma aliquots were immediately stored at �60°C until use.
We obtained informed consent from all participants, and the
local ethics review committee approved the study protocol.

Materials
We purchased FXII and activated FXII from Enzyme
Research Laboratories (South Bend, Indiana, United States)
and the polyclonal antibodies against recombinant human
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EGF (antihuman EGF) from Abcam (Tokyo, Japan). Polyclon-
al antibodies against recombinant mouse EGF (antimouse
EGF) were purchased from R&D Systems Inc. (Minnesota,
United States), and recombinant mouse EGF was obtained
from ProSpec-Tany TechnoGene Ltd. (Ness Ziona, Israel).
Recombinant human EGF was purchased from Higeta Shoyu
Co., Ltd. (Ibaraki, Japan), and recombinant human heparin-
binding EGF-like growth factor (HB-EGF) was obtained from
PeproTech (New Jersey, United States).

FXII Activity
FXII activity was measured by a one-step clotting method
using FXII-deficient plasma, which we purchased from In-
strumentation Laboratory (Massachusetts, United States),
according to the manufacturer’s recommendations.

SDS-PAGE and Immunoblotting for Anti-FXII
We performed sodium dodecyl sulfatepolyacrylamide gel
electrophoresis (SDS-PAGE) using 10% polyacrylamide gels.
Activated FXII was prepared in its reduced form, inwhich FXII
was divided into the heavy chain and light chain. To prepare
reduced activated FXII, dithiothreitol (DTT) was added to
activated FXII. After vortexing, we boiled the mixture at
100°C for 5minutes. Activated FXII (5 µL of a 71.2 µg/mL
solution) was applied to each lane. Subsequent transfer to
polyvinylidene difluoride (PVDF) membranes was performed
for 20minutes at 0.1 amps. Membranes were then blocked for
2 hours with 1% bovine serum albumin (BSA) in Tris-buffered
saline (TBS; 0.02mol/L Tris, 0.15mol/L NaCl, pH 7.3). After
incubation with plasma derived from patients or normal
controls (1:100) for 2 hours, we performed three washes in
0.05% Tween 20/TBS. The membranes were then exposed to
horseradish-peroxidase-conjugated polyclonal antibodies to
human immunoglobulin G (IgG) or immunoglobulin M (IgM)
for 1 hour, followed by washing as described above. The
immunoreactive bands were developed using 3,3′,5,5′-tetra-
methylbenzidine. In our immunoblot, we evaluated the inten-
sity of immunobands visually compared with negative
controls. The intensity of immunobands was classified into
five groups, namely�,þ,þþ,þþþ , orþþþþ. A plasmawas

considered positive if the intensity of immunobands was
grouped in þ, þþ, þþþ , or þþþþ.

Synthesis of Peptides
Peptides were synthesized (SCRUM Inc., Tokyo, Japan) as previ-
ously described.11,16 ASQ41 (Ala155–Lys195 of FXII; EGF2),
ASQ19 (Ala155–Val173 of FXII; N-terminal half of EGF2), EGH22
(Glu174–Lys195 of FXII; C-terminal half of EGF2), and each
scramblepeptide (CRG41,CLR19, andHDT22)weresynthesized
(►Fig.1 and ►Table 1).

Purification of Autoantibodies to the Synthetic
Peptide ASQ41 from Plasma
An ASQ41–agarose affinity column was generated, and auto-
antibodies to the synthetic peptide ASQ41were purified from
plasma using an AminoLink Plus Immobilization Kit (Thermo
Fisher Scientific, Massachusetts, United States) according to
the manufacturer’s protocol. Briefly, the ASQ41 peptide was

Fig. 1. Domain structure of factor XII (FXII). FXII consists of a fibronectin type II domain (Fib2), an epidermal growth factor (EGF)-like domain
(EGF1), a fibronectin type I domain (Fib1), a second EGF-like domain (EGF2), a kringle domain, a proline-rich region, and a catalytic domain. In the
present study, ASQ41 (EGF2), ASQ19 (N-terminal half of EGF2), and EGH22 (C-terminal half of EGF2) were synthesized.

Table 1 Synthetic peptides used in the study

Peptidesa Sequenceb Positions

ASQ41 ASQACRTNPCLHGGRCLEVEG
HRLCHCPVGYTGPFCDVDTK

155–195 of
human FXII

CRG41 CRGEPHALALSREGCNVQT
GCCVHTLCPHGCKGRDTFPVYD

Scramble
peptide of
ASQ41

ASQ19 ASQACRTNPCLHGGRCLEV 155–173 of
human FXII

CLR19 CLREGAVCTNGPACSEHRL Scramble
peptide of
ASQ19

EGH22 EGHRLCHCPVGYTGPFCDVDTK 174–195 of
human FXII

HDT22 HDTDGCLVFEHGYDTPCVKCRG Scramble
peptide of
EGH22

aPeptides are identified by their threeN-terminal residues using a one-letter
code, followed by the total number of residues constituting the peptide.

bA one-letter code for amino acid residues is used.
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coated on the agarose beads to generate an ASQ41–agarose
affinity column, and then, we applied the plasma obtained
from patients to the ASQ41–agarose affinity column and
eluted autoantibodies to ASQ41 using a glycine/HCl buffer
at pH 3.0. We used blood samples from two patients with
recurrent pregnancy loss who had high-titers of autoanti-
bodies to ASQ41 and whose sample volumes were sufficient
to do further examination.

Binding of Autoantibodies to the Synthetic Peptide
ASQ41 by ELISA
Amino plates (Sumitomo Bakelite Co., Ltd., Tokyo, Japan) were
treated with 100 μL of 2% glutaraldehyde in TBS for 2 hours at
25°C.Wethenwashed theplates twicewithdistilledwater. The
plateswere coatedwith several concentrationsofASQ41or the
scramblepeptideCRG41 inTBSovernightat4°C.Aftereachwell
was blocked for 1 hour with 2% BSA in TBS, the plates were
incubated with 50 μL of several dilutions of plasma derived
from patients or normal controls (1:100) for 70minutes. We
added alkaline-phosphatase-conjugated polyclonal antibodies
to human IgG or IgM (Abcam, Tokyo, Japan), followed by the
substrate solution.Wewashed the plates three times with TBS
containing 0.05% Tween 20 after incubation with the coated
peptides, blocking, and incubations with serum and antibody
conjugate. Finally, after development, the optical density (OD)
was evaluated at 405 nm using a para-nitrophenyl phosphate
substrate. Color development was stopped by the addition of
75 μLof3NNaOHwhentheODofapositivecontrol reached1.0.

We considered a plasma sample to be positive if the
difference between the OD of the ASQ41 peptide and that of
the scramble CRG41 peptide was greater than 0.3. This was
based on the data of 65 control individuals. From the data, the
numberofmultiples of themedian (MoM) thatwas equivalent
to 95% of the ELISA values of this control populationwas 2.79.
The OD equivalent to 2.79 MoMwas 0.251. To ensure that the
value is not borderline, 0.251 was rounded to 0.3.

In this ELISA, the antibody titer of the eluate from the
ASQ41-affinity column that contained autoantibodies to
ASQ41 purified from anti-ASQ41-positive patient plasma
was 1/27 of patient plasma.

Inhibition of Autoantibodies Binding to ASQ41 by
Peptides by Immunoblot Assay
SDS-PAGEwas performed using a polyacrylamide gradient gel
(5–20%). The synthetic peptide ASQ41or the scramble peptide
CRG41 (20 µM solution) was applied to each lane. Subsequent
transfer to a PVDFmembranewasperformed for 20minutes at
0.1 amps. We used 1% BSA in TBS (pH 7.3) to block the
membrane for 1 hour. The synthetic peptide ASQ41 or the
scramble peptide CRG41 (20 µM solution) and 1mL of IgM
anti-ASQ41-positive patient plasma or normal control plasma
diluted 1:100 in 1% BSA/TBS containing 0.03% Tween 20 were
incubated with the membrane for 2 hours, followed by three
washes in 0.05% Tween 20/TBS. Inhibition was achieved by
incubating the liquid phasepeptide andplasmawith the solid-
phasepeptide coated on themembrane. Themembraneswere
exposed to horseradish-peroxidase-conjugated polyclonal
antibodies against human IgM for 1 hour, followed bywashing

as described above. The immunoreactive bands were devel-
oped using 3,3′,5,5′-tetramethylbenzidine.

Polyclonal Antibodies against EGF Recognize FXII
FXII or activated FXII was subjected to SDS-PAGE under
nonreducing or reducing conditions. The slab gel contents
were transferred to PVDF membranes that were then immu-
noblotted with antimouse EGF or antihuman EGF.

Statistical Analysis
Differences between the two groups were analyzed for
statistical significance (p< 0.05) by the Fisher’s exact test.

Results

Binding of Autoantibodies to the Synthetic Peptide
ASQ41 by ELISA
Among 100 patients with recurrent pregnancy loss, plasma
samples from 23 patients (23.0%) recognized the ASQ41
peptide (►Fig. 2A). These 23 patients were positive for
IgM. No patient was positive for IgG. Therefore, only IgM
antibodies were measured in subsequent experiments.

We found that 6, 0, 4, 2, and 3 of 100 patientswere positive
for LA, IgG aPE, IgMaPE, IgG aCL, and IgMaCL, respectively. As
shown in ►Table 2, a significant association was observed
between IgM anti-ASQ41 and IgM aPE.

Among 23 anti-ASQ41-positive patients and 77 anti-
ASQ41-negative patients, the incidences of FXII deficiency
(<60%) and IgM anti-FXII were as follows: FXII deficiency,
34.8 versus 20.8% (NS); and IgM anti-FXII, 34.8 versus 10.4%
(p¼ 0.0093), respectively (►Table 2).

The incidenceof IgManti-FXIIwassignificantlyhigher in IgM
anti-ASQ41-positive patients than in anti-ASQ41-negative
patients.

Among 100 patients with recurrent pregnancy loss, 16
patients (16.0%) were positive for IgM anti-FXII. Among 16
IgM anti-FXII-positive patients, plasma samples from eight
patients (50.0%) recognized the ASQ41 peptide.

Binding of Autoantibodies to the Synthetic Peptide
EGH22 and ASQ19 by ELISA
Weconsidered a plasma sample to be positive if the difference
between the OD of the EGH22 peptide and the OD of the
scrambleHDT22peptidewasgreater than0.25. This resultwas
based on the data of 77 anti-ASQ41-negative patients for
whichdirectbinding tosyntheticpeptideswas testedbyELISA.
On the basis of the data, the number of MoM that was
equivalent to 95% of theELISAvalues of this control population
was 3.76. TheODequivalent to 3.76MoMwas 0.233. To ensure
that the value is not borderline, 0.233 was rounded to 0.25.

We considered a plasma sample to be positive if the
difference between the OD of the ASQ19 peptide and the
OD of the scramble peptide CLR19 was greater than 0.2. This
result was based on the data of 77 anti-ASQ41-negative
patients for which direct binding to synthetic peptides was
tested by ELISA. On the basis of the data, the number of MoM
that was equivalent to 95% of the ELISA values of this control
population was 2.43. The OD equivalent to 2.43 MoM was
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0.112. To ensure that the value is not borderline, 0.112 was
rounded to 0.2.

Among 23 patients with recurrent pregnancy loss who
recognized the ASQ41 peptide, plasma samples from 13
patients (56.5%) recognized the EGH22 peptide (►Fig. 2B).
No patient plasma sample recognized the ASQ19 peptide.

Dose-Dependent Binding of Autoantibodies to the
Synthetic Peptide ASQ41
►Fig. 3 shows the binding of autoantibodies to ASQ41 in a
concentration-dependent manner.

Inhibition of Autoantibodies Binding to ASQ41 by
Peptides
As shown in ►Fig. 4, ASQ41 blocked autoantibodies binding
to ASQ41. This indicates that autoantibodies recognized not
only solid-phase but also liquid-phase ASQ41.

Binding of Autoantibodies to the Synthetic Peptide
ASQ41 to Recombinant Human EGF
ELISA was performed using amino plates coated with 10 µM
recombinant human EGF. Anti-ASQ41-positive patient plas-
ma or normal control plasma (1:100) was applied. We
considered a plasma sample to be positive if the difference
between the OD of recombinant human EGF and the OD of
TBS was greater than 0.22. This was based on the data of 65
normal individuals for which direct binding to recombinant
human EGF was tested by ELISA. On the basis of the data, the
number of MoM that was equivalent to 95% of the ELISA
values of this control populationwas 2.44. The OD equivalent
to 2.44 MoM was 0.22.

Among 23 anti-ASQ41-positive patients and 77 anti-
ASQ41-negative patients, the incidences of antirecombinant
human EGF antibodies were as follows: 73.9% (17/23) versus
32.5% (25/77) (p¼ 0.0006), respectively.

Among 64 control individuals, the incidence of antire-
combinant human EGF antibodies was 4.7% (3/64).

Binding of ASQ41-Bound Autoantibodies Purified from
Patient Plasma to FXII
As shown in ►Fig. 5, the autoantibodies to ASQ41 purified
from patient 1 and 2 recognized the whole FXII molecule
under reducing conditions.

Table 2 Antiphospholipid antibodies, FXII deficiency, and anti-
FXII in 100 patients with recurrent pregnancy loss

IgM anti-ASQ41 Positive Negative p-Value

Patients (n) 23 77

LA (n, %) 0 (0.0) 6 (7.8) NS

IgG aPE (n, %) 0 (0.0) 0 (0.0) NS

IgM aPE (n, %) 3 (13.0) 1 (1.3) 0.0370

IgG aCL (n, %) 1 (4.3) 1 (1.3) NS

IgM aCL (n, %) 1 (4.3) 2 (2.6) NS

FXII deficiency (n, %) 8 (34.8) 16 (20.8) NS

IgM anti-FXII (n, %) 8 (34.8) 8 (10.4) 0.0093

Abbreviations: aCL, anticardiolipin antibodies; anti-ASQ41, autoanti-
bodies against the synthetic peptide ASQ41 that span the second
epidermal growth factor-like domain in the heavy chain of factor XII;
anti-FXII, autoantibodies against factor XII; aPE, antiphosphatidyletha-
nolamine antibodies; FXII, factor XII; IgG, immunoglobulin G; IgM,
immunoglobulin M; LA, lupus anticoagulant.

Fig. 2. (A) Binding of autoantibodies to the synthetic peptide ASQ41 by ELISA. (B) Binding of autoantibodies to the synthetic peptide EGH22 by
ELISA. ELISA was performed using amino plates coated with 10 µM of the peptides or scramble peptides. IgM anti-ASQ41-positive patient plasma
or normal control plasma (1:100) was applied, followed by an alkaline-phosphatase-conjugated secondary antibody. The absorption at 405 nm
was then measured. ELISA, enzyme-linked immunosorbent assay; IgM, immunoglobulin M.

TH Open Vol. 3 No. 3/2019

Anti-FXII Recognize the Second EGF-Like Domain Sato et al. e267



Binding of ASQ41-Bound Autoantibodies Purified from
Patient Plasma to Recombinant Mouse EGF, Human
EGF, and HB-EGF
As shown in ►Fig. 6A, the ODs of recombinant human EGF
and mouse EGF in patient 1 were greater than those in
normal control. The OD of recombinant human HB-EGF in
patient 2 was greater than that in normal control.

As shown in ►Fig. 6B, the autoantibodies to ASQ41
purified from patient 1 recognized recombinant mouse

EGF. The autoantibodies to ASQ41 purified from patient 2
recognized recombinant human HB-EGF.

Polyclonal Antibodies against EGF Recognize FXII
As shown in ►Fig. 7, antimouse EGF recognized the whole
FXIImolecule under reducing conditions and theheavy chain
of activated FXII under reducing conditions. Antihuman EGF
recognized thewhole FXII molecule under both nonreducing
and reducing conditions.

Fig. 3. Dose-dependent bindingof autoantibodies to the synthetic peptideASQ41. (A) Aminoplatewellswere coatedwith increasing concentrations (35µL
of 0, 0.625,1.25, 2.5, 5.0, 10, and20 μMsolutions)ofASQ41or the scramble peptideCRG41.We then appliedanti-ASQ41-positive patient plasmasamplesor
normal control plasma (1:100), followed by an alkaline-phosphatase-conjugated secondary antibody. The absorption was evaluated at 405 nm. Then, we
subtracted the OD value of the scramble peptide CRG41 from the OD value of the ASQ41 peptide. (B) Amino plate wells were coated with ASQ41 or the
scramble peptide CRG41 (30 μL of a 10 μM solution). We then applied several dilutions (1:800, 1:400, 1:200, 1:100, and 1:50) of anti-ASQ41-positive patient
plasma samples or normal control plasma, followed by an alkaline-phosphatase-conjugated secondary antibody. The absorption was evaluated at 405 nm.
Then,we subtracted theODvalue of the scramble peptideCRG41 fromtheODvalueof theASQ41peptide. (C) Aminoplatewellswere coatedwith increasing
concentrations (50 µL of 0, 0.625, 1.25, 2.5, 5.0, 10, and 20 μM solutions) of ASQ41 or the scramble peptide CRG41. We then applied the eluate from the
ASQ41-affinity column that contained autoantibodies to ASQ41 that were purified from anti-ASQ41-positive patient plasma or normal control plasma.
We then applied an alkaline-phosphatase-conjugated secondary antibody. The absorptionwas evaluated at 405 nm. Then, we subtracted theODvalue of the
scramble peptide CRG41 from theODvalue of the ASQ41peptide. (D) Amino platewells were coatedwithASQ41or the scramble peptide CRG41 (50 μL of a
10 μM solution). We then applied several dilutions (1:80, 1:40, 1:20, 1:10, and 1:5) of the eluate, which contained purified antibodies to ASQ41 from anti-
ASQ41-positive patient plasmaornormal control plasma, followed by analkaline-phosphatase-conjugated secondary antibody. Theabsorptionwas evaluated
at 405 nm. Then, we subtracted the OD value of the scramble peptide CRG41 from the OD value of the ASQ41 peptide. OD, optical density.
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Discussion

Wepreviously reported that anti-FXII antibodies in theplasma
of patients with recurrent pregnancy loss recognized the
heavy chain of FXII but not the light chain.11 In the present
study, we revealed that autoantibodies in plasma of patients
with recurrent pregnancy loss recognized the ASQ41 peptide
that span EGF2 in the heavy chain of FXII. Anti-ASQ41 species
were detected in 23 (23.0%) of 100 patients with recurrent
pregnancy loss. Furthermore, among 23 anti-ASQ41-positive

patients, plasma from 13 patients (56.5%) recognized a 22-
residue segment inASQ41, termedEGH22,which is equivalent
to the C-terminal half of EGF2. We speculate that all plasma
from 23 patients did not recognize EGH22 or ASQ19, because
cleavage of ASQ 41 resulted in subtle changes in antigenicity.
EGF2orASQ41has complex three-dimensional structurewith
disulfide bonds. Therefore, antigenicity may be changed by
cleavageofASQ41. Itmayalsobebecause theepitope is located
on the boundary between ASQ19 and EGH22.

It is known that FXII is a coagulation factor, but several
studies have suggested that FXII also functions as a growth
factor and mediates cell signaling, which leads to prolifera-
tion and stimulates angiogenesis.20–22 FXII has been shown
to enhance the proliferation of human hepatoma cells,20 to
activate signal transduction pathways, and to exert mitogen-
ic effects on several EGF-sensitive cell types.21Additionally, it
has been reported that FXII stimulates Akt phosphorylation
and extracellular signal-related kinase 1/2 (ERK1/2) through
the EGF receptor, specific integrins, and urokinase plasmin-
ogen activator receptor (uPAR), which leads to proliferation,
growth, and angiogenesis of endothelial cells.22

In this study, we suggested that anti-FXII antibodies in
patients with recurrent pregnancy loss recognized the EGF2
domain in FXII. Recently, Velayuthaprabhu et al reported that,
in a murine model, anti-FXII antibody infusion increased
placental apoptosis and the number of shrunken cells in the
decidua and decreased the number of mitotic cells and inva-
siveness of trophoblast giant cells.16 Anti-EGF2 antibodies in
patientswith recurrent pregnancy lossmay inhibit the growth
factor functions of FXII and cause placental dysfunction.

Proteins in the EGF family play an important role in
pregnancy. Accumulating evidence suggests that the survival
and invasive capacities of human trophoblasts are associated
with intercellular downstream signaling related to the EGF
family. EGF protects human term cytotrophoblast cells against
apoptosis during culture invitro,23,24which indicates that EGF
can act as a survival factor. Studies of first trimester cytotro-
phoblast cells cultured in vitro suggest that EGF, HB-EGF, and

Fig. 4. Inhibition of autoantibodies binding to ASQ41 by peptides. The synthetic peptide ASQ41 or the scramble peptide CRG41 (20 µM) was
applied to each lane. After transfer to PVDF membranes, the membranes were incubated with the synthetic peptide ASQ41 or the scramble
peptide CRG41 (20 µM solution) and either anti-ASQ41-positive patient plasma samples or normal control plasma. Next, immunoblotting was
performed. PVDF, polyvinylidene difluoride.

Fig. 5. Binding of ASQ41-bound autoantibodies purified from patient
plasma to FXII. FXII was subjected to SDS-PAGE under reducing
conditions. FXII (8 µL of 20 µg/mL solution) was applied to each lane.
Subsequent transfer to PVDF membranes was performed for 20
minutes at 0.1 amps. Membranes were then blocked for 2 hours with
1% BSA in TBS, pH 7.3. After incubation with the eluate (1:5) from the
ASQ41-affinity column that contained autoantibodies to ASQ41 that
were purified from anti-ASQ41-positive patient plasma or normal
control plasma for 2 hours, we performed three washes in 0.05%
Tween 20/TBS. The membranes were then exposed to horseradish
peroxidase-conjugated polyclonal antibodies to human IgM for 1 hour,
followed by washing as described above. The immunoreactive bands
were developed using 3,3′,5,5′-tetramethylbenzidine. BSA, bovine
serum albumin; FXII, factor XII; IgM, immunoglobulin M; PVDF,
polyvinylidene difluoride; SDS-PAGE, sodium dodecyl sulfatepolya-
crylamide gel electrophoresis; TBS, Tris-buffered saline.
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transforming growth factor alpha (TGFA) stimulate motility
and invasiveness of trophoblast cells.25,26 HB-EGF can also
protect first trimester cytotrophoblast cells against apoptosis
when they are exposed to low oxygen levels27 or oxidative
stress due to hypoxia or reoxygenation injury.28

In this study, we found that autoantibodies to ASQ41 in
patients with recurrent pregnancy loss recognized EGF family
proteins such as EGF and HB-EGF. We generated polyclonal
antibodies to ASQ41 by immunizing rabbits with the ASQ41
peptide. Interestingly, these polyclonal antibodies did not
recognize human EGF, mouse EGF, or human HB-EGF (data
not shown). Moreover, polyclonal antibodies against human
andmouseEGFdidnot recognizeASQ41 (datanot shown). EGF
family proteins have complex three-dimensional structure
with disulfide bonds. Antigenicity may be changed between
the liquid and solid phase, between ELISA and immunoblot-
ting, and also between reducing and nonreducing conditions.

It is known that thrombophilia is associated with early and
late pregnancy complications, and numerous studies have
been performed to investigate the effects of thrombophilia
onpregnancy. This study focusedonFXII as agrowth factorand

indicated that autoantibodies in patients with recurrent preg-
nancy loss may not only cause thrombophilia-associated
complications but may also disrupt the EGF system.

In this study, we did not screen for anti-beta-2 glycoprotein
I antibodies. No patient was diagnosed as antiphospholipid
syndrome (APS) because we did not do the second blood tests
to confirm positive results. Further studies about association
between autoantibodies to EGF family and APS are necessary.

The incidences of FXII deficiency and protein S (PS) defi-
ciency in the Japanese population are relatively high, and both
are undeniable risk factors for spontaneous abortion.29,30

Recently, Ebina et al reported that low levels of PS and FXII
were related to adverse pregnancy outcomes, such as pre-
eclampsia, pregnancy-induced hypertension, and premature
delivery.30 PS plays an important role in many biological
processes, including coagulation, angiogenesis, vasculogene-
sis, apoptosis, andcancerprogression.31 Itwas reportedthatPS
surrounds damaged placental trophoblast cells in both early
and latepregnancy. This indicates thatPScan restoreorprotect
damagedvilli and that itmayexert physiological effects on the
placenta.32

Fig. 6. A representative experiment showing binding of ASQ41-bound autoantibodies purified from patient plasma to recombinant mouse EGF,
human EGF, and HB-EGF. (A) ELISA was performed using amino plates coated with 10 µM recombinant mouse EGF, human EGF, or HB-EGF. The
eluate (1:10) from the ASQ41-affinity column that contained autoantibodies to ASQ41 that were purified from anti-ASQ41-positive patient
plasma or normal control plasma was applied, followed by an alkaline-phosphatase-conjugated secondary antibody. The absorption at 405 nm
was then measured. (B) SDS-PAGE was performed using a polyacrylamide gradient gel (5–20%). Recombinant human EGF, mouse EGF, or human
HB-EGF (30 μM solution) under reducing conditions was applied to each lane. Subsequent transfer to a PVDF membrane was performed for 20
minutes at 0.1 amps. We used 1% BSA in TBS (pH 7.3) to block the membrane for 1 hour. Incubation was performed with the eluate (1:10) from
the ASQ41-affinity column that contained autoantibodies to ASQ41 that were purified from anti-ASQ41-positive patient plasma or normal
control plasma for 2 hours, followed by three washes in 0.05% Tween 20/TBS. The membranes were exposed to horseradish-peroxidase-
conjugated polyclonal antibodies against human IgM for 1 h, followed by washing as described above. The immunoreactive bands were
developed using 3,3′,5,5′-tetramethylbenzidine. BSA, bovine serum albumin; EGF, epidermal growth factor; ELISA, enzyme-linked immuno-
sorbent assay; HB, heparin binding; IgM, immunoglobulin M; PVDF, polyvinylidene difluoride; SDS-PAGE, sodium dodecyl sulfatepolyacrylamide
gel electrophoresis; TBS, Tris-buffered saline.
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Interestingly, our recent study revealed that autoanti-
bodies to PS (anti-PS) were detected in 20 (20.0%) of 100
patients with recurrent pregnancy loss and that anti-PS
recognized EGF-like domains of PS.33 Furthermore, among
20 anti-PS-positive patients, 14 patients (70.0%) recognized
mouse EGF.33 Anti-PS in patients with recurrent pregnancy
loss may therefore inhibit functions of PS as a growth factor.

In conclusion, autoantibodies in patients with recurrent
pregnancy loss recognize EGF-like domains invariousproteins
and members of the EGF family. Autoantibody-associated
disruption of the EGF system might be a cause of recurrent
pregnancy loss. This is a novel hypothesis for the pathogenesis
of autoantibodies in patients with recurrent pregnancy loss.
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