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Measures

We surveyed the women'’s chronic stress using Zung's
Self-rating Depression Scale (SDS) and General Health
Questionnaire-28 (GHQ28) at the second trimester and
categorized the women into chronic high stress and
normal groups. The SDS includes 20 questions that
qualify the severity of depression symptoms. Each
item ranges from 1 (none or a little of the time) to 4
(more or all of the time). The raw SDS score is the sum
of all 20 items and ranges from 20 to 80." This test is
sensitive enough to detect depressive symptoms in
normal populations. Its Japanese version has been
ascertained to possess good internal consistency and
test-retest reliability, and has been used in many
research projects, such as population surveys." The
General Health Questionnaire (GHQ) is a 60-item self-
administered screening tool designed to detect non-
psychotic psychiatric illnesses. The GHQ28, a shorter
version of the original GHQ, has been shown to be
reliable and valid." The GHQ28 was used to assess
general health problems.” It is used in the general
population and within community or non-psychiatric
clinical settings, such as primary care or general
medical outpatients.' The use of both the GHQ28 and
SDS can enable the assessment of a variety of aspects of
the mental health status in a normal population.’
Using this questionnaire, we classified patients into
chronic high stress and normal groups and made a
comparison of the changes in stress markers between
the two groups.

Determination of cortisol levels in the saliva

To collect a sufficient quantity of saliva, we used
Salivette sampling devices (Sarstedt, Rommelsdorf,
Germany). The Salivette includes a small cotton swab
and stimulates saliva flow to a rate that enables a suf-
ficient amount to be collected within 1 min. After cen-
trifugation at 7000 ¢ for 15 min, saliva was stored at
—80°C until assay. Saliva cortisol levels were deter-
mined with a commercial enzyme immunoassay kit
(CIRON, Tokyo, Japan). The intra-and interassay coef-
ficient variabilities (CV) were <10%."”

Determination of CgA levels in the saliva
Salivary CgA levels were determined by ELISA using a
previously described method."” The concentration of
CgA in the saliva was determined using a YK070
Chromogranin A (Human) electro-immunoassay kit
(Yanaihara Institute, Shizuoka, Japan) and the intra-
and interassay CV were <5%."

© 2011 The Authors
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Statistical analysis

Data are given as mean * SEM. The data were analyzed
with StatView version 5.0 (SAS Institute, Cary, NC,
USA). Statistical significance was assessed using Wil-
coxon signed-rank test with a 5% significance level.

Results

The mean salivary cortisol levels (ug/dL * SEM) were
0.282 + 0.054 (first trimester), 0.693 = 0.094 (second
trimester), 0.330 + 0.061 (early third trimester),
0.452 *+ 0.069 (late third trimester), and 0.147 = 0.028
(puerperal period). A repeat measure analysis of vari-
ance confirmed a significant effect of gestational age in
salivary cortisol level (P < 0.0001). Cortisol levels in the
saliva of pregnant women showed biphasic change
during pregnancy. Mean salivary CgA/protein levels
(pmol/mg = SEM) were 1.919 * 0.543 (first trimester),
4.203 + 0.975 (second trimester), 3.617 + 0.715 (early
third trimester), 2.619 = 0.481 (late third trimester),
and 1.460 + 0.262 (puerperal period). A repeat
measure analysis of variance confirmed a significant
effect of gestational age in salivary CgA/protein
(P =0.0005). CgA/protein levels in the saliva of preg-
nant women increased in the second and the early third
trimesters and decreased to the puerperal period.
Figure 2 demonstrated that SDS score and general
health questionnaire GHQ28 score were significantly
correlated (P < 0.005). Patients in the chronic high stress

GHQ28

Figure 2 Correlation between the Zung self-rating
depression scale (SDS) and General Health
Questionnaire-28 (GHQ28) scores. SDS score and
general health questionnaire GHQ28 score were sig-
nificantly correlated. SDS = 33.527 +1.516 x GHQ28;
r*=0.58 (P <0.005).
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Figure 3 Difference in salivary cortisol concentrations
between chronic high stress group (Zung self-rating
depression scale [SDS]>42) and normal group
(SDS = 42). Salivary cortisol concentrations of the
chronic high stress group were significantly lower
compared with those of the normal group at the second
trimester, early third trimester, and late third trimester
(P <0.01).

group (SDS > 42) were 17 of 69 pregnant women. Char-
acteristics between the chronic high stress group and
the normal group, such as maternal age, body weight,
body mass index, smoking rate, parity, gravidity, deliv-
ery week, neonatal body weight and Apgar score were
similar (data not shown). As shown in Figure 3, sali-
vary cortisol concentrations of the chronic high stress
group were significantly lower compared with those of
the normal group at the second trimester, early third
trimester, and late third trimester (P < 0.01). However,
titers of salivary cortisol of the chronic high stress
group were equal to those of the normal group at the
first trimester and puerperal period. Salivary CgA/
protein concentrations of the chronic high stress group
were significantly lower than those of the normal
group (P <0.01) (Fig. 4). The elevation of CgA /protein
in the saliva was suppressed in the chronic high stress
group during pregnancy.

Discussion

Investigation of physiological stress markers in the
saliva is a very useful method for objectively measur-
ing stress. This method is non-invasive and non-
stressful. Recent study demonstrated that music
therapy during colonoscopy markedly reduces fear-
related stress, as indicated by changes in salivary cor-
tisol levels® In the present study, the titration of
salivary cortisol concentrations and CgA levels is a

-@-stress
54 -=-normal

CgA/protein (pmol/mg)
w
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Figure 4 Difference in salivary chromogranin A (CgA)
concentrations between the chronic high stress group
(Zung self-rating depression scale [SDS]>42) and
normal group (SDS = 42). Salivary CgA/protein con-
centrations of the chronic high stress group were sig-
nificantly lower than those of the normal group
(P<0.01).

useful tool to determine maternal stress levels during
pregnancy. Cortisol levels in the saliva of pregnant
women showed biphasic change during pregnancy.
Mean salivary cortisol levels increased from the first
trimester to the second trimester. Those levels
decreased from the second trimester to the early third
trimester and increased at the late third trimester.
Titers of salivary cortisol at the puerperal period
returned to the levels at the first trimester. Serum con-
centration of circulating cortisol is increased during
pregnancy.”' The reason for the discrepancy between
serum and saliva is unknown. The CgA /protein levels
in the saliva of pregnant women increased in the
second and the early third trimesters and decreased to
the puerperal period. The mechanism of the change of
stress marker levels during pregnancy is unknown. We
speculated that the titers of those stress markers might
be affected by hormonal changes, such as progesterone
and immunological changes during pregnancy.
Further investigations are necessary to determine the
mechanism of the change of stress levels during preg-
nancy and the usefulness of cortisol and CgA as stress
markers during pregnancy.

Psycho-mental health potentials were evaluated by
both quality-of-life-related questionnaires and stress-
related hormonal and cytokine levels, such as cortisol
and interleukins. Self-reporting instruments represent
an efficient and cost-effective way to identify indi-
viduals who should be evaluated additionally for
the presence of a depressive disorder. The Zung

© 2011 The Authors
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Self-rating Depression Scale (SDS) has 10 positively
worded and 10 negatively worded items that cover
affective, psychological, and somatic symptoms. The
overall score represents the severity of the depressive
symptoms.” GHQ28 represented the general health
problems of pregnant women. To determine psycho-
mental health potentials, several questionnaires have
been used. Zung SDS and GHQ28 are useful tools
because in Japan, the scale has been ascertained
to have good internal consistency and test-retest
reliability, and construct validity has been demon-
strated in many research projects, including popula-
tion surveys.®

In a population of Japanese women (mean age
46.3 years), mean SDS score was 37.8, 40.7, and 47.8 in
the good lifestyle group, average lifestyle group, and
poor lifestyle group, respectively,.* We noticed that
there was a significant correlation between SDS and
GHQ28. These results suggest that maternal depressive
status represents general health during pregnancy.
Several studies demonstrated maternal stress had
adverse effects on pregnancy outcome.”® The better-
ment of SDS and GHQ28 might affect the improvement
of maternal and neonatal outcomes.

Maternal salivary cortisol and CgA of the chronic
high stress group were significantly suppressed in
comparison with those of the normal group. These
results suggest that maternal chronic stress suppress
the function or activity of the hypothalamic-pituitary-
adrenal axis and sympatho-adrenomedullary system.
Angelika et al. demonstrated that in children with aller-
gic feature of atopic dermatitis under chronic psycho-
social stress, the reaction of cortisol level to the stress
test were suppressed.?” Furthermore, Seng et al. found
that for pregnant woman affected by posttraumatic
stress disorder, the circadian rhythm of cortisol titer
was suppressed and they had lower peak basal salivary
cortisol concentrations.” Our results do not contradict
those reports. The suppression of maternal response at
the adrenal gland might affect the maternal immune
defense system and endocrine function. This would be
one possible reason why maternal stress has adverse
effects on pregnancy outcome.
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1. Introduction

The aim of this study was to evaluate whether anti-B2 glycoprotein-I antibody (anti-32GPI)
of the IgG or IgM classes is associated with the development of pregnancy-induced hyper-
tension (PIH) or preeclampsia in the Japanese population. In a case-controlled cohort study,
peripheral blood was obtained at 8-14 weeks of gestation from a consecutive series of
1155 women. The case group comprised 36 patients who later developed PIH during the
pregnancy. Of the 36 PIH patients, 13 had severe PIH, 18 had preeclampsia and 11 had
severe preeclampsia. One hundred and eleven age- and parity-matched women whose
pregnancies ended in normal delivery without obstetric complications were selected as
controls. We found that a titer of anti-382GPI IgG > 1.0U/ml was a risk factor for severe
PIH (P=0.023, OR 5.7 95%Cl 1.4-22.8). In addition, titers of anti-B2GPI IgM > 1.2 U/ml was
found to be a risk factor for PIH (P=0.001, OR 8.8 95%CI 1.6-47.5). In women positive
for anti-B2GPI but negative for lupus anncoagulant anti-cardiolipin, phosphatldylserme-
dependent anti-prothrombin, or kini d anti-phosphatidylethanol
antibodies, the presence of anti-B2GPI was not a significant risk factor for development
of PIH or preeclampsia. In conclusion, the presence of anti-B2GPI antibody represents a
risk factor for developing PIH and severe PIH. This finding supports the utility of anti-
B2GPI determination as one of the laboratory criteria for anti-phospholipid syndrome
classification. The usefulness of anti-32GPI measurement among women without other
anti-phospholipid antibodies requires further study.

© 2009 Elsevier Ireland Ltd. All nghts reserved.

Eighth International Symposium on Anti-phospholipid
Antibodies Syndrome in Sapporo (Wilson et al., 1999).

Anti-phospholipid antibodies (aPLs) are a hetero-
geneous group of autoantibodies directed against
phospholipid-binding proteins. Anti-phospholipid syn-
drome (APS) refers to the association between aPLs and
thrombosis or pregnancy morbidity. Criteria used widely
as a consensus definition for APS were established by the

* Corresponding author. Tel.: +81 78 382 6000; fax: +81 78 382 5756.
E-mail address: yhideto@med kobe-u.ac,jp (H. Yamada).

0165-0378/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.jri.2009.10.005

Obstetric complications included in this APS definition are
recurrent pregnancy loss, unexplained fetal death, severe
preeclampsia, intrauterine growth restriction, and prema-
ture delivery. Two types of aPLs were originally included
in the laboratory criteria: anti-cardiolipin antibody (aCL)
(either IgG or IgM), and lupus anticoagulant. In 2006,
amendments to the Sapporo APS criteria were proposed at
aworkshop preceding the Eleventh International Congress
on aPLs. Consequently, anti-B2 glycoprotein-1 antibody
(anti-B2GPI) of the IgG or IgM class was included as a
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laboratory criteria for the classification of definite APS
(Miyakis et al., 2006).

Pregnancy-induced hypertension (PIH) and preeclamp-
sia are amongst the major causes of mortality and mor-
bidity during pregnancy and childbirth. The pathogenesis
is multifactorial. PIH and preeclampsia can lead to multi-
ple organ failure involving the cardiovascular and central
nervous systems, the liver, and kidneys as well as cause
coagulation breakdown. However, the association between
aPLs and the risk of PIH and preeclampsia still remains
controversial. Recently, we prospectively assessed aPLs
including lupus anticoagulant, aCL, phosphatidylserine-
dependent anti-prothrombin antibody, and kininogen-
dependent anti-phosphatidylethanolamine antibody (aPE)
in 1155 consecutive women during early pregnancy. We
demonstrated that a positive test for aCLI1gG or aPE IgG was
associated with developing PIH during the third trimester
in the SAPPORO study (Yamada et al., 2009). However, anti-
B2GPI was not assessed in this study.

The present study was performed as a case-controlled
study in a cohort of the SAPPORO study population to
evaluate whether anti-B2GPI was associated with PIH or
preeclampsia.

2. Materials and methods
2.1. Subjects

A previous study, designated Sapporo Multiple Anti-
phospholipid Testing for the Prediction of Obstetric
Outcome study (the SAPPORO study) was performed in the
city of Sapporo, Japan, and conducted with informed con-
sent from all of the subjects (Yamada et al., 2009). The study
was approved by the institutional ethics board of Hokkaido
University Graduate School of Medicine. Peripheral blood
was obtained at 8-14 weeks of gestation from a consecu-
tive series of 1155 women with living fetuses who visited
the Hokkaido University Hospital or an affiliate hospital.
The sera were collected and stored at —80°C.

The present study was performed as a case-controlled
study in a cohort from the SAPPORO study population, and
comprised 36 cases that developed PIH during pregnancy.
The 36 PIH cases (age range 22-41, mean+SD 32.1+4.6
years old, 25 (69%) nulliparity) included 13 severe PIH, 18
preeclampsia and 11 severe preeclampsia cases. A group
of 111 age and parity-matched women whose pregnancies
ended in normal delivery without obstetric complications
were randomly selected as controls (age range 22-41,
mean + SD 32.1+4.6 years old, 76 (69%) nulliparity). This
random selection was performed by one scientist (L.F.) who
is not a medical doctor and did not have the knowledge of
results of other aPLs.

In this study, we used PIH and preeclampsia criteria
defined by the Japan Society of Obstetrics and Gynecology.
PIH was defined as hypertension (systolic blood pres-
sure>140 mm Hg or diastolic blood pressure >90 mm Hg)
detected after 20 weeks gestation. Severe PIH was defined
when at least one of the following criteria was met:
(1) blood pressure > 160/110 mm Hg after 20 weeks ges-
tation, regardless of the complication of proteinuria, or
(2) blood pressure >140/90 mm Hg after 20 weeks gesta-

tion complicated by proteinuria >2.0 g/day. Preeclampsia
was defined as hypertension (>140/90 mmHg) and pro-
teinuria (=300 mg/day) detected after 20 weeks gestation.
Severe preeclampsia was defined when at least one
of the following criteria was met: (1) blood pressure
>160/110mm Hg after 20 weeks gestation complicated
by proteinuria >300mg/day, or (2) blood pressure
>140/90 mm Hg after 20 weeks gestation complicated by
proteinuria >2.0g/day. Blood pressures were measured
repeatedly.

2.2. Anti-phospholipid antibody measurement

Anti-B2GPI antibodies were measured by ELISA in the
stored sera using a protocol reported previously (Amengual
et al,, 1996). Purified human B2GPI was purchased from
Yamasa Corp. Tokyo, Japan. Irradiated microtitre plates
(Maxisorp, Nunc, Denmark) were coated with 4 pg/ml of
purified B2GPI in phosphate-buffered saline (PBS) at 4°C
and washed twice with PBS. To avoid non-specific bind-
ing of proteins, wells were blocked with 150l of 3%
gelatin (BDH Chemicals Ltd., Poole). After three washes
with PBS containing 0.05% Tween 20 (Sigma Chemical Co.,
St. Louis, MO, USA) (PBS-Tween), 50 pl of serum sam-
ple diluted 1:50 with PBS containing 1% bovine serum
albumin (Sigma) (PBS-1% BSA) was added to duplicate
wells. Plates were incubated for 1h at room temper-
ature and washed three times with PBS-Tween. Fifty
microlitres per well of the appropriate dilution of alka-
line phosphatase-conjugated goat anti-human IgG and IgM
(Sigma) in PBS-1%BSA was added. After 1h of incubation
at room temperature and after four washes in PBS-Tween,
100 pl/well of 1 mg/ml p-nitrophenylphosphate disodium
(Sigma) in 1 M diethanolamine buffer (pH 9.8) was added.
Following colour development, optical density at 405nm
was measured by a Multiskan ascent plate reader (Thermo
electron corporation, Waltham MA, USA).

One of the serum samples that had showed high bind-
ing to B2GPI coated onto the irradiated plates was used
as a positive control. Normal ranges of anti-B2GPI 1gG
(<2.2U/ml) and IgM (<6.0 U/ml) with cut-off values at the
99th percentile were established in preliminary experi-
ments using non-pregnant 132 healthy controls. Cut-off
values of anti-B2GPI IgG (normal<1.0U/ml) and anti-
B2GPI IgM (normal<1.2U/ml) were established as the
most appropriate values dividing the subjects in this study.
To define the intra-assay precision for anti-B2GPI IgG and
IgM, 3 patient samples with high, medium and low titers
of anti-B2GPI IgG or IgM were replicated 12 times on the
same 96-well ELISA plate, and coefficients of variation were
calculated from the optical density results.

2.3. Statistical analysis

Statistical differences were analyzed by the chi-square
test (df=1). Fisher’s exact test was used when the number
of observations was <5. A P<0.05 was considered statis-
tically significant. Odds ratios (OR) and 95% confidence
intervals (95%CI) were calculated to evaluate the associ-
ation between anti-B2GPI and PIH or preeclampsia. All
statistical analyses were conducted with a statistical anal-
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Table 1

1gG anti-B2 glycoprotein-1 as a risk factor for pregnancy-induced hypertension and preeclampsia with a cut-off value or 2.2 U/ml.

Outcome Positive frequency of IgG anti-B2GPI Pvalue Odds ratio 95%: confidence
intervals
Women with Women with Total
positive other aPL? negative other aPL*
Normal (controls) 112 8.3% 5/99 5.1% 6/111 5.4%
PIH 2/8 25.0% 2/28 71% 4/36 11.1% 0.26 22 0.6-8.3
Severe PIH 2/5 40.0% 1/8 12.5% 3/13 23.1% 0.053 53 1.1-243
Preeclampsia 1/4 25.0% 114 7.1% 2/18 11.1% 031 22 0.4-11.8
Severe preeclampsia 13 33.3% 1/8 12.5% 2/11 18.2% 0.15 39 0.7-22.1

PIH, pregnancy-induced hypertension; anti-B2GPI, anti-32 glycoprotein-I antibody; aPL, anti-phospholipid antibody.
4 Other aPLs include IgG/IgM anti-cardiolipin antibody, lupus anticoagulant, IgG/IgM phosphatidylserine-dependent anti-prothrombin antibody, and IgG

P anti-|

ysis system package (SAS version 9.1, SAS Institute Japan
Ltd., Tokyo, Japan).

3. Results

The numbers of women with a positive anti-B2GPI IgG
test of =2.2U/ml (or >1.0U/ml) were as follows: 6 (8) in
111 controls, 4 (6) in 36 PIH, 3 (4) in 13 severe PIH, 2
(4) in 18 preeclampsia, and 2 (3) in 11 severe preeclamp-
sia. We found no women tested positive for >6.0 U/ml of
anti-B2GPI IgM. The numbers of women with a positive
anti-B2GPI IgM test of >1.2 U/ml were as follows: 2 in con-
trols, 5 in PIH, 2 in severe PIH, 2 in preeclampsia, and 1
in severe preeclampsia. The anti-B2GPI intra-assay coeffi-
cients of variation for the high, medium and low positive
samples were 4.4%, 4.1% and 8%, respectively for the IgG
assay, and 4.6%, 5.4% and 8.8% for the IgM assay, represent-
ing good assay precision.

The results of statistical analyses are shown in
Tables 1-3. A titer >1.0U/ml of anti-B2GPI IgG was found
to be a significant risk factor for severe PIH (P=0.023, OR
5.7 95%Cl 1.4-22.8) (Table 2). A titer >1.2U/ml of anti-
B2GPI IgM was a significant risk factor for PIH (P=0.001,
OR 8.8 95%Cl 1.6-47.5) (Table 3). We also found a possi-
ble association between titers >1.0 U/ml of anti-B2GPI IgG
and severe preeclampsia (P=0.061, OR 4.8 95%Cl 1.1-21.8)
(Table 2), between titers >2.2 U/ml of anti-B2GPI IgG and
severe PIH (P=0.053, OR 5.3 95%CI 1.1-24.3) (Table 1), and
between titers >1.2 U/ml of anti-32GPI IgM and severe PIH

(P=0.054,0R9.995%ClI 1.3-77.4) (Table 3). However, these
associations did not reach statistical significance.

Of the 6 PIH women with titers >1.0U/ml of anti-
B2GPI IgG, one had aPE, another had aCL plus lupus
anticoagulant, and the other 4 women had neither
lupus anticoagulant, aCL, phosphatidylserine-dependent
anti-prothrombin antibody, nor aPE. Among the 30 PIH
women with a negative test of anti-B2GPI IgG, five
had aPE IgG, one had aCL plus phosphatidylserine-
dependent anti-prothrombin antibody, and the other 24
women had no aPLs. Of the 8 control women with titers
>1.0U/ml of anti-B2GPI IgG, two had phosphatidylserine-
dependent anti-prothrombin antibody, and the other 6
women had no aPLs. Of the 103 control women test-
ing negative for anti-B2GPI IgG, eight had aPE IgG,
two had phosphatidylserine-dependent anti-prothrombin
antibody, one had aCL, one had lupus anticoagulant, and the
other 91 women had no aPLs. These aPL characterisics were
quoted from known data in the SAPPORO study (Yamada
et al., 2009).

Similarly, of the 5 PIH women with titers >1.2U/ml
of anti-32GPI IgM, one had aCL plus lupus anticoagulant,
another had aCL plus phosphatidylserine-dependent anti-
prothrombin antibody and the other 3 women had neither
lupus anticoagulant, aCL, phosphatidylserine-dependent
anti-prothrombin antibody, nor aPE. Among the 31 PIH
women testing negative for anti-B2GPI IgM, six had
aPE 1gG, and the other 25 women had no aPLs. Of the
2 control women with titers >1.2U/ml of anti-B2GPI

Table 2
1gG anti-B2 glycoprotein-I as a risk factor for pregnancy-induced hypertension and preeclampsia with a cut-off value of 1.0U/ml.
Outcome Positive frequency of IgG anti-B2GPI Pvalue Odds ratio 95% confidence
intervals
‘Women with Women with Total
positive other aPL? negative other aPL?
Normal (controls) 2/12 16.7% 6/99 6.1%% 8/111 7.2%
PIH 2/8 25.0% 4/28 14.3%" 6/36 16.7% 0.065 26 0.8-8.8
Severe PIH 2/5 40.0% 2/8 25.0%" 413 30.8%" 0.023 5.7 14-228
Preeclampsia 1/4 25.0% 3/14 21.5%" 418 222% 0.065 32 08-119
Severe preeclampsia 13 33.3% 2/8 25.0%* 3/11 27.3% 0.061 4.8 1.1-218

PIH, pregnancy-induced hypertension; anti-B2GPI, anti-B2 glycoprotein-I antibody; aPL, antiphospholipd antibody.

2 Other aPLs include IgG/IgM anti-c in antibody, lupus antict

1gG/1gM phosphati anti-prothrombin antibody, and IgG

anti-
* Statistically significant (P=0.023).
“ Not significant (P>0.05).
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Table 3

IgM anti-B2 glycoprotein-1 as a risk factor for pregnancy-induced hypertension and preeclampsia with a cut-off value of 1.2 Ujml.

Outcome Positive frequency of IgM anti-B2GPI Pvalue 0dds ratio 95% confidence
intervals
Women with ‘Women with Total
positive other aPL*  negative other aPL?
Normal (controls) 0/12 0% 2/99 2.0%" 2/111 1.8%"
PIH 2/8 25.0% 3/28 10.7%* 5/36 13.9% 0.001 8.8 1.6-47.5
Severe PIH 1/5 20.0% 1/8 12.5%* 213 15.4% 0.054 99 13-774
Preeclampsia 0/4 0% 2/14 14.3%" 2/18 11.1% 0.093 6.8 0.9-51.8
Severe preeclampsia 0/3 0% 1/8 12.5%% 1 9.1% 0.249 55 0.5-65.5

PIH, pregnancy-induced hypertension; anti-B2GPI, anti-B2 glycoprotein-I antibody; aPL, anti-phospholipid antibody.
* Other aPLs include IgG/IgM anti-cardiolipin antibody, lupus anticoagulant, IgG/IgM phosphatidylserine-dependent anti-prothrombin antibody, and IgG

anti-
" Statistically significant (P=0.001).
Not significant (P>0.05).

IgM, none had aPLs. Of the 109 control women test-
ing negative for anti-B2GPI IgM, eight had aPE IgG,
two had phosphatidylserine-dependent anti-prothrombin
antibody, one had aCL, one had lupus anticoagulant, and
the other 97 women had no aPLs.

Among women negative for other aPL, the incidence of
positivity for anti-B2GPI IgG (=2.2U/ml) in women with
PIH (P=0.96, OR 1.5 95%CI 0.3-7.9), severe PIH (P=0.93, OR
2.7 95%Cl 0.3-26.3), preeclampsia (P=0.75, OR 1.4 95%C]
0.16-13.4) or severe preeclampsia (P=0.93, OR 2.7 95%CI
0.3-26.3), was not significantly different from those in
controls (Table 1). Similarly, among women negative for
other aPL, the incidence of positivity for anti-B2GPI IgG
(=1.0U/ml) in women with PIH (P=0.30, OR 2.6 95%CI
0.7-9.9), severe PIH (P=0.21, OR 5.2 95%Cl 0.9-31.3),
preeclampsia (P=0.14, OR 4.2 95%CI 0.9-19.3) or severe
preeclampsia (P=0.21, OR 5.2 95%Cl 0.9-31.3), was not
significantly higher than in controls (Table 2). Among
women negative for other aPL, the incidence of positiv-
ity for anti-B2GPI IgM (>1.2U/ml) in groups with PIH
(P=0.12, OR 5.8 95%CI 0.9-36.7), severe PIH (P=0.54, OR
6.9 95%CI 0.6-86.1), preeclampsia (P=0.12, OR 8.1 95%CI
1.0-62.7) or severe preeclampsia (P=0.54, OR 6.9 95%CI
0.6-86.1) was not significantly higher than in controls
(Table 3).

4. Discussion

It has been reported that anti-B2GPI is associated
with increased risk of recurrent spontaneous abortion and
pregnancy loss among women with aPLs such as lupus anti-
coagulant (Falcén et al., 1997; Forastiero et al., 1997; Lee
et al,, 1999; Sailer et al., 2006), and among women with-
out lupus anticoagulant (Stern et al., 1998). Conversely,
other studies did not find an association (Ailus et al., 1996;
Arnold et al., 2001). Previous prospective studies assessing
associations between anti-B2GPI and PIH or preeclamp-
sia also found conflicting results. One report noted that
preeclampsia and eclampsia were related to the presence
of anti-B2GPI in the maternal blood (Faden et al., 1997).
However, other studies reported no association between
anti-B2GPI and PIH (Lynch et al., 1999), or preeclampsia
and HELLP syndrome (Lee et al.,2003). In the present study,
we demonstrated that a positive test of anti-B2GPI IgG in

early pregnancy was a significant risk factor for later devel-
oping severe PIH; and that a positive test of anti-B2GPI
IgM was a significant risk factor for later developing PIH.
It seems that the rate of positive anti-B2GPI test in a subset
of severe cases is higher than those in the total PIH group.
Of the PIH women with anti-B2GPI IgG or IgM, only one
patient had lupus anticoagulant, suggesting that our study
population was little affected by other aPLs. However, our
results contrast with the lack of association observed in
the abovementioned two cohort studies (Lynch et al., 1999;
Lee etal., 2003). Most subjects of the former study included
mild, but not severe PIH (Lynch et al., 1999). The latter study
showed low frequencies of positive anti-B2GPI IgG test in
controls (2%) and severe PIH (2%) using their cut-off val-
ues (Lee et al., 2003). The discrepancy may be explained
by the difference in populations included in the studies, or
related to the definition of the cut-off levels. Anti-B2GPI
assays are not universally standardized, which leads to
inter-laboratory variation.

There is a large body of evidence for an involvement
of anti-B2GPI in hypercoagulation status and thrombosis
(Martinuzzo et al., 1995; Amengual et al., 1996; Zanon et
al., 1999; Zoghlami-Rintelen et al., 2005; Pengo et al., 2005;
de Laat et al., 2004). A multivariate analysis in a multicen-
ter study has demonstrated that anti-B2GPI and aPE, but
not lupus anticoagulant or aCL, were significantly associ-
ated with thrombosis (Sanmarco et al., 2007). Anti-B32GPI
induces activation of endothelial cells, resulting in a proin-
flammatory state which favours prothrombotic diathesis
(D’'Ippolito et al.,2007). Recently, a study has demonstrated
[B2GPI can naturally inhibit von Willebrand factor (VWF)-
dependent platelet adhesion and aggregation. Anti-32GPI
of APS patients neutralized the B2GPI-VWF interactions,
contributing to hypercoagulation status in these patients
(Hulstein et al., 2007). It is likely that the thrombotic insult
of anti-B2GPI to placental angiogenesis or the circulation
is causally associated with PIH. Additionally, B2GPI binds
to trophoblast cells (Di Simone et al., 2007). Antibody
binding to B2GPI downregulates trophoblast chorionic
gonadotropin synthesis and secretion (Di Simone et al.,
2005). Such a direct effect on trophoblast may contribute to
inhibition of trophoblast invasiveness and lead to defective
placentation (Di Simone et al., 2007), and may be causally
associated with PIH.
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In conclusion, anti-B2GPI was found to represent a risk
factor for developing PIH in this case-controlled cohort
study, providing evidence to support the utility of anti-
B2GPI determination as one of the laboratory criteria for
APS classification. In the previous SAPPORO prospective
study, aPLs were measured during pregnancy and women
with a history of recurrent spontaneous abortion or throm-
bosis who tested positive for lupus anticoagulant or aCL
underwent low dose aspirin therapy. The knowledge of
the presence of these aPLs could potentially influence the
physician in favour of an early pregnancy termination.
These possible biases can be excluded in the present case-
controlled study. However, the subject number in our study
is relatively small and furthermore we did not measure
anti-B2GPI repeatedly 12 weeks apart, as required by the
updated SAPPORO criteria (Miyakis et al., 2006). It is well
known that aPLs share antigen epitopes and presence of
one aPL increases the chance of the presence of the other
aPLs. In women positive for anti-B2GPI but negative for
lupus anticoagulant, aCL, phosphatidylserine-dependent
anti-prothrombin antibody, or aPE, the presence of anti-
32GPI was not a significant risk factor for development
of PIH or preeclampsia. This may partly be due to small
numbers but it is also possible that an anti-B2GPI is only
a marker for the presence of other more important aPLs.
Larger studies designed toinclude appropriate adjustments
for the presence of several aPLs should be undertaken to
clarify this.
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Abstract We encountered a woman who had a history
of repeated fetal losses and positive tests for lupus antico-
agulant, phosphatidylserine-dependent  antiprothrombin
(aPS/PT) 1gG, IgM and kininogen-dependent antipho-
sphatidylethanolamine (aPE) IgG, IgM. Her previous preg-
nancy had ended in intrauterine fetal death at 24 weeks of
gestation despite a therapy of low-dose aspirin, prednisolone
and danaparoid. During the present pregnancy, she was
treated with repeated intravenous infusions of immuno-
globulin (IVIg) together with low-dose aspirin, prednisolone
and heparin. When thrombocytopenia developed, she
delivered a female baby weighing 2,152 g at 34 weeks of
gestation by cesarean section. Titers of aPS/PT IgM and aPE
IgM were reduced or maintained at low levels by repeated
IVIg therapies. The IVIg therapy might be effective for
aspirin-heparinoid-resistant antiphospholipid syndrome.
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Introduction

Women with antiphospholipid syndrome (APS) have an
increased risk of pregnancy loss and obstetrical complica-
tions. Detrimental effects of antiphospholipid antibody
(aPL) are attributed to pathological mechanisms including
thrombotic changes, suppression of hCG release [1],
induction of complement activation and placental injury
[2], and a direct effect on trophoblast cells [3]. Although
the management of pregnancy in women with APS has
been a subject of much debate, antiplatelet and anticoag-
ulation therapies are usually recommended [4]. A ran-
domized controlled study demonstrated a high live birth
rate (71%) with low-dose aspirin (LDA) plus heparin as
compared with 42% with LDA alone in APS women [5].
The women treated with LDA plus heparin had fewer
maternal adverse effects, and this treatment was found to
be superior to LDA plus steroids [6].

However, we encounter APS women who undergo LDA
plus heparin/heparinoid with or without steroids and fail to
have a healthy infant. Such patients can be designated as
having aspirin-heparin/heparinoid-resistant APS. In the
present report, a case of aspirin-heparinoid-resistant APS
was treated successfully with repeated intravenous infu-
sions of immunoglobulin (IVIg), LDA, heparin and pred-
nisolone. We assessed changes in levels of serum
complements and antiphospholipid antibodies (aPLs)
through the course of pregnancy.

Case report
A 38-year-old non-pregnant woman with a history of

repeated fetal losses and APS was referred to the infer-
tility clinic of The Hokkaido University Hospital for
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consultations. Her first pregnancy had ended in spontane-
ous abortion at 7 weeks of gestation (GW). Only the ges-
tational sac was detected without fetal heart movement in
this missed abortion. She was treated with LDA (81 mg/
day), danaparoid sodium (Orgaran"™,  Schering-Plough
Co., Ltd., Tokyo, Japan; 2,500 unit/day) and prednisolone
(PSL 10 mg/day) during the second pregnancy. However,
growth restriction and mild preeclampsia developed at
22 GW, and this pregnancy resulted in intrauterine death of
a female fetus weighing 344 g at 24 GW. Pathological
examination of the placenta revealed ischemic changes
with relatively small villi, abundant syncytial nodes, fibrin
depositions and necrosis.

Laboratory data obtained in our infertility clinic after her
first visit were as follows: white blood cells 6,400/ul, red
blood cells 336 x 10%/ul, hemoglobin 11.9 g/dl, hematocrit
34.4%, platelet 29.4 x 10%pl, fibrinogen 255 mg/dl,
fibrinogen degradation product <2.6 mg/ml, D-dimer
0.58 mg/ml (normal < 1.0), prothrombin time 11.6s,
APTT 44.2 s (normal 26.1-36.5), coagulation factor XII
30.5% (normal > 50.0), C-reactive protein 0.03 mg/dl, C3
55 mg/dl (normal 86-160), C4 8 mg/dl (normal 17-45),
CHS50 20.3 U/ml (normal 31.5-48.4), antinuclear antibody
(ANA) 1:640, anti-DNA antibody 0.0 [U/ml, anti-SSA
antibody 122.3 index (normal < 10.0), anticardiolipin
(aCL) IgG < 8 U/ml, aCL IgM < 5 U/ml, 2 glycoprotein
I-dependent anticardiolipin (aCLf2GPI) 1gG < 1.3 U/ml,
phosphatidylserine dependent anti-prothrombin (aPS/PT)
IgG 235 U/ml (normal < 2.0), aPS/PT IgM 37.5 U/ml
(normal < 9.2), lupus anticoagulant (LA) 2.01 (nor-
mal < 1.3; DRVVT method), PAIgG 33.5 ng/]O7 cells
(normal 9.0-25.0), and negative tests for anti-platelet anti-
body or proteinurea. Thus, decreases in levels of serum C3,
C4, CHS50 concentrations and factor XII activity, and
positive tests for ANA, anti-SSA antibody, aPS/PT IgG,
aPS/PT IgM, LA and PAlgG were detected prior to her third
pregnancy. On that occasion, kininogen-dependent anti-
phosphatidylethanolamine (aPE) I1gG or IgM was not
measured.

A combined therapy of LDA (81 mg/day, orally), PSL
(10 mg/day, orally), unfractionated heparin (5,000 unit x
2 sc/day) and intravenous infusions of intact type immu-
noglobulin (IVIg) for the third pregnancy was planned with
informed consent. LDA was commenced before concep-
tion. Immediately after a positive pregnancy test was
obtained, she was hospitalized, and received PSL and
unfractionated heparin. LDA was maintained until 31 GW.
PSL (10 mg/day) was increased to 15 mg/day at 13 GW,
because serum levels of complements (C3, C4, CH50)
decreased; PSL was increased to 30 mg/day for 2 weeks at
26 GW, because serum levels of C4 and CHS0 tended to
decrease further. Unfractionated heparin (10,000 unit/day)
was increased to 12,000 units/day at 24 GW (Fig. 1).
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Fig. 1 Changes in serum complement levels

At 12 GW, the first course of IVIg therapy (20 g/day, 5
consecutive days, total 100 g) was employed using Ken-
ketsu Glovenin-I™ (Nihon Pharmaceutical Co., Ltd.,
Tokyo) or Kenketsu Venilon-1"™ (Teijin Co., Ltd., Tokyo,
Japan) followed by 40 g (20 g/day, 2 consecutive days) of
IVIg at 16 GW. After IVIg (20 g/day, | day) at 20 GW
skin eruptions developed. Therefore, additional IVIg
(20 g/day, 1 day) was applied at 22 GW. At 24 and
28 GW. administration of 40 g of 1VIg was completed
without adverse effects (Fig. 1).

The fetal growth was appropriate for the gestational age,
and no sign of pregnancy-induced hypertension or abnor-
mal maternal blood tests was detected until 32 GW. Then,
platelet counts decreased from 14.5 x 10%/pl 10 6.9 x 10"/
pl. PSL was increased to 40 mg/day, and 1VIg therapy
(20 g/day, 5 consecutive days, total 100 g) was performed
with informed consent. However, platelet counts minimally
increased to 8.3 x 10*pl. Therefore, we performed
cesarean section at 34 GW, and she delivered a female
baby weighing 2,152 g without thrombocytopenia or neo-
natal lupus erythematosus. Before cesarean section,
unfractionated heparin was changed to 5,000 unit/day of
low molecular weight heparin and dalteparin sodium
(Fragmin™, Eisai Co., Ltd., Tokyo, Japan). PSL was
tapered off after the operation. The patient, with a platelet
count of 15.6 x 10%ml, was discharged 11 days after
delivery. Placental pathological findings indicated small
infarctions and calcification.

We repeatedly measured aPLs during the pregnancy.
Serum levels of aCL IgG, aCL IgM or aCLf2GPI IgG were
all negative through the course of pregnancy. LA tests were
constantly positive at similar levels (1.7-1.9) during
pregnancy. We measured aPE IgG and IgM from 13 GW
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of the index pregnancy. Figure 2 shows the changes of
serum levels of aPE IgG (normal range < 0.300) and IgM
(normal range < 0.450). The level of aPE IgG tended to
decrease during pregnancy. The level of aPE IgM increased
from 1.16 at 13 GW to 1.75 at 15 GW, and significantly
(P = 0.028 by paired  test) decreased after each course of
IVIg therapy. The levels of aPE IgM (mean + SD
1.60 + 0.10, range 1.48-1.75) 4 days before commence-
ment of IVIg decreased to 1.33 + 0.18 (range 1.06-1.51) 2

and the normal ranges were shown elsewhere [7, 8].

Discussion

This case of aspirin-heparinoid-resistant APS was treated
successfully by repeated 1VIg together with LDA, heparin
and steroids. Titers of aPS/PT IgG, IgM and aPE IgG, IgM
were reduced or maintained at low levels. The level of aPE
IgM significantly decreased after each IVIg treatment. It
was known that heparin had a function of suppressing the
complement activity and protected mice from pregnancy
complications induced by aPL [9]. Other investigators
reported the function of heparin to inactivate complements
in various diseases [10]. Therefore, we increased a dose of
heparin at 24 GW when serum levels of C4, CH50
decreased. However, these complement levels were not
restored, so we increased the dose of prednisolone at
26 GW.

Carreras et al. [11] first reported successful IVIg therapy
in a pregnant woman with LA and a history of nine
recurrent pregnancy losses (RPL). A randomized con-
trolled trial comparing LDA plus heparin plus IVIg with
LDA plus heparin therapies in 16 APS patients failed to
show differences in the efficacy [12]. Triolo et al. [13]
reported that administration of LDA plus low molecular
weight heparin resulted in a higher birth rate (84%) than
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IVIg alone (57%) in RPL women with aCLf2GPI. But
later, they also reported successful IVIg therapy in eight of
ten APS women previously unresponsive to LDA plus
heparin [14]. Therefore, a certain subgroup of APS women
who are resistant to aspirin-heparin therapy as presented in
the present report might benefit from the possible advan-
tages of IVIg therapy.

The optimal dosage of IVIg in APS women during
pregnancy was not determined and still needs to be deba-
ted. Yamada et al. first performed high-dose IVIg therapy
(20 g/day, 5 consecutive days, total 100 g) in early preg-
nancies of women with unexplained severe RPL, demon-
strating a high live birth rate [15-17]. Carreras et al. [11]
performed IVIg therapy (400 mg/kg day, 5 consecutive
days at 17 GW; and 2 days at 22, 27 GW) in APS women.
Others reported monthly 1 g/kg IVIg therapies [14]. The
present patient had a history of intrauterine fetal death at
24 GW, so we planned high-dose IVIg therapy at 12 GW
followed by cyclic courses of 40 g IVIg every 4 weeks
from 12 to 32 GW.

The mechanisms of 1VIg efficacy for pregnant women
with APS have not been fully assessed. The following
possible mechanisms explain its broad activity: (1) provi-
sion of anti-idiotypic antibodies and the function as an
immunomodulator, (2) interference with the complement
activation and the cytokine network, (3) modulation of the
expression and function of Fc receptors, and (4) differen-
tiation and effector functions of T and B cells [18, 19]. As
for the anti-idiotypic antibody function, inhibitory effects
of IVIg on aCL and LA were reported [20-22]. Caccavo
et al. [20] demonstrated that aCL binding to cardiolipin
was suppressed by F(ab'), fragments derived from IVIg in
a dose-dependent manner. Galli et al. [2]1] also demon-
strated dose-dependent suppression of LA activity in
patients, using either IVIg or F(ab), fragments. IVIg may
induce a long-term decrease in autoantibody production by
acquiring the inactivation of idiotype-bearing B cell clones
[23]. We for the first time found that repeated 1VIg reduced
serum levels of aPS/PT and aPE in the present patient with
aspirin-heparinoid-resistant APS, and IVIg might have
anti-idiotypic antibody effects against these aPLs.

References

1. Di Simone N, De Carolis S, Lanzone A, Ronsisvalle E, Giannice
R, Caruso A. In vitro effect of antiphospholipid antibody-con-
taining sera on basal and gonadotrophin releasing hormone-
dependent human chorionic gonadotrophin release by cultured

w

s

o

~

3

©

el

. Tuthill JI, Kt h

. Rai R, C

. Chamley LW, Duncalt AM, Mitchell MD, Johnson PM. Action

of and ¢ s to beta2-glycoprotein-1 on tro-
phoblast proliferation as a mechanism for fetal death. Lancet.
1998:352:1037-8.

MA. M of antiphospholipid

syndrome. J Autoimmun. 2009;33:92-8.

ohen H, Dave M, Regan L. Randomised controlled trial
of aspirin and aspirin plus heparin in pn,gnanl women with
recurrent miscarriage ic with phosph d dies (or
antiphospholipid antibodies). BMJ. 1997:314:253-7.

Cowchock FS, Reece EA, Balaban D, Branch DW Ploutfe L.
R ‘fclal losses d with antiph id

a collaborative domized trial i dni with
low-dose heparin treatment. Am J Obstet Gynecol. 1992;166:

1318-23.

. Yamada H, Atsumi T, Kobashi G, Ota C, Kato EH, Tsuruga N,

Ohta K, Yasuda S, Koike T, Minakami H. Antiphospholipid
antibodies increase the risk of pregnancy-induced hypertension

and adverse p y J Reprod I 1. 2009;79:
188-95.
3 Ydmddd H Atsumi T, Kato EH, Shimada S, Monkuwa M

i H. P of diverse anti
in women with recurrent abortion. Fertil Steril. 2003;80:1276-8.
Girardi G, Redecha P, Salmon JE. Heparin prevents anti-
phospholipid antibody-induced fetal loss by inhibiting comple-
ment activation. Nat Med. 2004;10:1222-6.

. Mannan D, Liu C Hughes D Mehta A. The role of heparin in

acute i
Acta HaemnlnlA 2008;119:166-8.

haemolysis.

. Carreras LD, Perez GN, Vega HR, Casavilla F. Lupus antico-

agulant and recurrent fetal loss: successful treatment with gam-
maglobulin. Lancet. 1988;2:393-4.

. Branch DW, Peaceman AM, Druzin M, Silver RK, El-Sayed Y,

Silver RM, Esplin MS, Spinnato J, Harger J. A multicenter,
placebo—conlmlled pllm xludy of intravenous immune globulin

of b li d during p . The

Pregnancy Loss Sludy Group Am J Obstet Gynecol
2000;182:122-7.

. Triolo G, Ferrante A, Ciccia F, Accardo-Palumbo A, Perino A,

Castelli A, Giarratano A, Licata G. Randomized study of sub-
cutaneous Iow molecular weight heparin plus aspirin versus

lobulin in the of recurrent fetal
iphospholipid ibodi Arthritis

loss with
Rheum. 2003;48:728-31.
Triolo G, Ferrante A, Accardo-Palumbo A, Ciccia F, Cadelo M,
Castelli A, Perino A, Licata G. IVIG in APS pregnancy. Lupus.
2004;13:731-5.

. Yamada H, Kishida T, Kobayashi N, Kato EH, Hoshi N, Fu-

jimoto S. Massive immunoglobulin treatment in women with four
or more recurrent spontaneous primary abortions of unexplained
aetiology. Hum Reprod. 1998;13:2620-3.

Morikawa M, Yamada H, Kato EH, Shimada S, Kishi T, Yamada
T, Kobashi G, Fujimoto S. Massive intravenous immunoglobulin
treatment in women with four or more recurrent spontaneous
abortions of 1 etiology: d lation of NK cell
activity and subsets. Am J Reprod Immunol. 2001:46:399-404.

Yamada H, Morikawa M, Furuta I, Kato EH, Shimada S,
Iwabuchi K, Minakami H. Intravenous immunoglobulin treat-
ment in women with recurrent abortions: increased cytokine
levels and reduced Th1/Th2 lymphocyte ratio in peripheral blood.
Am J Reprod Immunol. 2003;49:84-9.

trophoblast cells. Placenta. 1995;16:75-83. 18. Kazatchkine MD, Kaveri SV. I dulation of
2. Holers VM, Girardi G, Mo L, Guthridge JM, Molina H, Pi li and i y diseases with intravenous immune globulin. N
SS, Espinola R, Xiaowei LE, Mao D, Vialpando CG, Salmon JE. Engl J Med. 2001;345:747-55.
Complement C3 activation is required for antiphospholipid 19. Bayary J, Dasgupta S, Misra N, Ephrem A, Van Huyen JP, Del-
antibody-induced fetal loss. J Exp Med. 2002;195:211-20. ignat S, Hassan G, Caligiuri G, Nicoletti A, Lacroix-Desmazes S,
@ Springer



Reprod Med Biol (2010) 9:217-221

221

2

2

S

lobuli

Kazatchkine MD, Kaveri S. I in
autoimmune disorders: an insight into the immunoregulatory

diated by an anti-idiotypic mechanism. Am J Hematol.

1991;38:184-8.

22. Sdld PB, Martinuzzo ME, Carreras LO. Neutralization of Iupus

Int I ph 2006;6:528-34.
Caccavo D, Vaccaro F, Ferri GM, Amoroso A, B L.
Anti-idiotypes against anuphosphohpld annbodxes are presenl
in normal polyspecific i for p use.

J Autoimmun. 1994,7:537-48.

. Galli M, Cortelazzo S, Barbui T. In vivo efficacy of intravenous

gammaglobulins in patients with lupus anticoagulant is not

activity by human immunoglobulin *
Nouv Rev Fr Hematol. 1992;34:37-42.

“in vitro”

23. Sherer Y, Levy Y, Shoenfeld Y. Intravenous immunoglobulin

y. 2000:39:

therapy of antiphc
421-6.

@_ Springer

293



Biomaterials 32 (2011) 3-9

Contents lists available at ScienceDirect

materials

Biomaterials

journal homepage: www.elsevier.com/locate/biomaterials

Leading Opinion

Acute phase proteins as biomarkers for predicting the exposure and toxicity
of nanomaterials™

Kazuma Higashisaka®®", Yasuo Yoshioka ™" Kohei Yamashita®®, Yuki Morishita®®,
Maho Fujimura®®, Hiromi Nabeshi?, Kazuya Nagano®, Yasuhiro Abe®, Haruhiko Kamada ¢,
Shin-ichi Tsunoda %4, Tomoaki Yoshikawa P, Norio Itoh?, Yasuo Tsutsumi *>¢**

2 Department of Toxicology and Safety Science, Graduate School of Pharmaceutical Sciences, Osaka University, 1-6 Yamadaoka, Suita, Osaka 565-0871, Japan
b Laboratory of Pharmaceutical Proteomics, National Institute of Biomedical Innovation, 7-6-8, Saito-Asagi, Ibaraki, Osaka 567-0085, Japan

©The Center for Advanced Medical Engineering and Informatics, Osaka University, 1-6, Yamadaoka, Suita, Osaka 565-0871, Japan

9 Department of Biomedical Innovation, Graduate School of Pharmaceutical Sciences, Osaka University, 7-6-8, Saito-Asagi, Ibaraki, Osaka 567-0085, Japan

ARTICLE INFO ABSTRACT

Recently, nanomaterials have become an integral part of our daily lives. However, there is increasing
concern about the potential risk to human health. Here, we attempted to identify biomarkers for pre-
dicting the exposure and toxicity of nanomaterials by using a proteomics based approach. We evaluated
the changes of protein expression in plasma after treatment with silica nanoparticles. Our analyses
identified haptoglobin, one of the acute phase proteins, as a candidate biomarker. The results of ELISA
showed that the level of haptoglobin was significantly elevated in plasma of mice exposed to silica
nanoparticles with a diameter of 70 nm (nSP70) compared to normal mice and those exposed to silica
particles with a diameter of 1000 nm. Furthermore, the other acute phase proteins, C-reactive protein
(CRP) and serum amyloid A (SAA) were also elevated in plasma of nSP70 treated mice. In addition, the
level of these acute phase proteins was elevated in the plasma of mice after intranasal treatment with
nSP30. Our results suggest that haptoglobin, CRP and SAA are highly sensitive biomarkers for assessing
the risk of exposure to silica nanoparticles. We believe this study will contribute to the development of
global risk assessment techniques for nanomaterials.
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1. Introduction electrical conductivity, tensile strength and chemical reactivity [1].

Nanomaterials have already been used in various fields such as
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With the recent development of nanotechnology, nanomaterials
such as silica nanoparticles are beginning to be used on a global
scale. In comparison to conventional materials with submicron size,
nanomaterials display unique properties such as high levels of
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electronic engineering, cosmetics and medicine [2,3]. Because
nanotechnology is emerging as a leading industrial sector, humans
will be increasingly exposed to a wide range of synthetic nano-
materials with diverse properties.

The increasing use of nanomaterials has raised public concerns
about the potential risks to human health [4—6]. For example, it is
reported that carbon nanotubes induce mesothelioma-like lesions
in mice in a similar way to crocidolite asbestos [7]. Other reports
showed that exposure to titanium dioxide particles induce
inflammatory responses and lung injury in mice [8,9]. In addition,
our group showed that silica nanoparticles with a diameter of
70 nm can penetrate mouse skin and enter the circulatory system
(unpublished data). Furthermore our group demonstrated that
silica nanoparticles induce severe liver damage after systemic
administration [10—12]. However, current knowledge of the
potential risk of nanomaterials is considered insufficient. Indeed,
concerns about the potential dangers of nanomaterials have led the
World Health Organization and the Organization for Economic
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Co-operation and Development to call for an urgent and detailed
evaluation of their safety. Therefore, it is extremely important to
progress these safety evaluations in order to facilitate the devel-
opment of nanomaterials that are harmless to humans, because
nanomaterials have the potential to improve the quality of human
life. In particular, it is hoped that a risk assessment system can be
developed to estimate or predict the safety and toxicity of
nanomaterials.

Molecular biomarkers, obtained from biological samples such as
blood, urine and tissue, constitute an objective indicator for
correlating against various physiological conditions or variation of
disease state [13,14]. By using biomarkers, we are able to predict not
only the present disease and clinical condition but the risk of
acquiring disease in the future. Nowadays, biomarkers that act as
predictors of cancer have already been developed and are
commonly used in clinical practice [14]. Furthermore, such an
approach is capable of predicting adverse effects of drugs and
medicines [15,16]. By contrast, studies of biomarkers for nano-
materials have barely advanced. These biomarkers would represent
the unity of local and systemic physiological responses induced as
a result of the exposure. Therefore, biomarkers for nanomaterials
will be invaluable for predicting their potential toxicity and
establishing strategies for the safe development of nanomaterials
production and use.

Here we attempted to develop potential biomarkers of nano-
materials using a proteomics analysis with the aim of developing
safe forms of nanomaterials.

2. Materials and methods
2.1. Materials

Silica particles were purchased from Micromod Partikeltechnologie (Rostock/
Warnemiinde, Germany). The silica particles with diameters of 30, 70, 300 and
1000 nm (nSP30, nSP70, nSP300 and mSP1000, respectively), and nSP70 with
surface functional groups such as carboxyl group and amino group (nSP70-C and
nSP70-N, respectively) were used in this study. The silica particles were sonicated
for 5 min and vortexed for 1 min prior to use.

22. Animals

Female BALB/c mice were purchased from Nippon SLC, Inc (Shizuoka, Japan) and
used at 6—8 weeks of age. All of the animal experimental procedures in this study
were performed in accordance with the National Institute of Biomedical Innovation
guidelines for the welfare of animals.

2.3. Blood sample collection

For administration of silica particles through an intravenous route, BALB/c mice
were treated with nSP70, nSP300, mSP1000, nSP70-C, nSP70-N or saline at 0.8 mg/
mouse. At various times (6 h, 24 h, 3 day and 7 day) after treatment of these silica
particles, blood samples were collected. For administration of silica particles
through an intranasal route, BALB/c mice were treated with nSP30, nSP70 or saline
intranasally at 0.5 mg/mouse. Blood samples were collected 24 h after the treatment
of these silica nanoparticles.

2.4. Analysis of biomarkers for nanomaterials using a proteomics approach

BALB/c mice were treated with 0.8 mg/mouse nSP70 or saline intravenously.
After 24 h, blood samples were collected and plasma was harvested by centrifuging
blood at 12000 rpm for 15 min. Proteo prep (Sigma—Aldrich; Saint Louis, MO) was
used to remove albumin and immunoglobulins from the plasma according to the
manufacturer’s instructions. Plasma samples were then analyzed by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by Coomassie
Brilliant Blue staining. Plasma diluted into aliquots corresponding to 10 pg protein
were mixed with an equal volume of Laemmli sample buffer (BIO-RAD, Tokyo,
Japan) containing 5% 2-mercaptethanol and boiled for 5 min prior to electrophoresis.
Electrophoresis was performed at 15 mA for 10 min (stacking) followed by sepa-
ration (600 V, 40 mA, 100 W) for approximately 45 min, using Precision Plus Protein
Kaleidoscope molecular weight markers (BIO-RAD) as standards.

2.5. Identification of candidate proteins as biomarkers

Bands of interest were excised from the gel and then destained with 50%
acetonitrile (ACN)/25 mm NH4HCO3 for 10 min, dehydrated with 100% ACN for
10 min, and then dried using a centrifugal concentrator. Next, 8 pl of 20 pl/ml trypsin
solution (Promega, Madison, WI) diluted 5-fold in 50 mm NH4HCO3 was added to
each gel piece and then incubated overnight at 37 °C. We used three solutions to
extract the resulting peptide mixtures from the gel pieces. First, 50 pl of 50% (v/v)
ACN in 0.1% aqueous trifluoroacetic acid (TFA) was added to the gel pieces, which
were then sonicated for 30 min. Next, we collected the solution and added 80% (v/v)
ACN in 0.1% TFA. Finally, 100% ACN was added for the last extraction. The peptide
solution were dried and resuspended in 10 ul of 0.1% formic acid. The resulting
peptide mixture was then analyzed by nano-flow liquid chromatography/tandem
mass spectrometry (LC/MS; maXis, Bruker Daltonik GmbH, Bremen, Germany).

2.6. Measurement of acute phase proteins

Plasma levels of haptoglobin, C-reactive protein (CRP) and serum amyloid A
(SAA) were measured by commercial enzyme-linked immunosorbent assay (ELISA)
kits (Life Diagnostics, Inc.; West Chester, PA), according to the manufacturer’s
instructions.

2.7. Statistical analyses

All results are expressed as means + SD. Differences were compared by using the
Bonferroni's method after analysis of variance (ANOVA).

3. Results
3.1. Identification of biomarkers of nanomaterials

We used silica particles as a model nanomaterial because it is
one of the most common nanomaterials to have been developed.
Silica particles are increasingly being used as additives in cosmetics
and foods [17,18]. It is predicted that the global market for silica
particles will soon grow to $2 billion and a ton of silica particles is
currently produced worldwide every year. Here, we used silica
particles with a diameter of 30, 70, 300 and 1000 nm (nSP30,
nSP70, nSP300 and mSP1000, respectively). The mean secondary
particle diameters of the silica particles measured by Zetasizer
were 33, 79, 326 and 945 nm, respectively (data not shown). The
silica particles were confirmed to be well dispersed smooth-
surfaced spheres by transmission electron microscopy (data not
shown).

Initially, we attempted to identify protein biomarkers in mice by
analyzing changes in the level of each plasma protein following
treatment with silica nanoparticles using a proteomics approach.
BALB/c mice were intravenously treated with nSP70 (0.8 mg/
mouse) or saline and then plasma samples were collected 24 h later.
Because albumin and immunoglobulins are known to account for
the majority of plasma proteins, they were removed from the
samples prior to analysis so that variation in the level of other
proteins could be more closely monitored. The change of protein
levels in plasma after treatment with nSP70 was assessed by SDS-
PAGE analysis (Fig. 1). The intensity of a band of molecular mass
37 kDa was more intense in the plasma of nSP70 treated mice than
that of saline treated control mice (Fig. 1). The band was excised and
analyzed by LC/MS in order to identify the corresponding protein.
This analysis identified the induced band after treatment with
nSP70 as haptoglobin, one of the acute phase proteins.

3.2. The level of haptoglobin after treatment with silica particles

To assess the change of haptoglobin level in plasma after
administration of silica particles, BALB/c mice were intravenously
treated with nSP70, nSP300 or mSP1000 at 0.8 mg/mouse. We did
not use nSP30 in the experiment, because nSP30 induced the toxic
side effects after intravenous treatment at this dose. We confirmed
that nSP70, nSP300 or mSP1000 at this dose did not induce any

295



296

K. Higashisaka et al. / Biomaterials 32 (2011) 3—-9

nSP70

Marker Saline

(kDa)
250

150

100
75

50
37

25
20

15

Fig. 1. SDS-PAGE analysis of plasma proteins. BALB/c mice were intravenously treated
with nSP70 or saline at 0.8 mg/mouse. After 24 h, blood samples were collected. The
change of protein levels in plasma after treatment of nSP70 was assessed by SDS-PAGE.

significant elevation of tissue injury and dysfunction markers such
as alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and blood urea nitrogen (BUN) (data not shown). After 24 h,
the level of haptoglobin in the plasma was analyzed by ELISA
(Fig. 2A). The levels of haptoglobin in the plasma of nSP70 treated
mice were significantly higher than those of saline treated control
mice. In contrast, the levels of haptoglobin in the plasma of
mSP1000 treated mice were almost the same as those of the saline
treated control group. The haptoglobin levels of nSP300 treated
mice were slightly higher than those of saline treated control mice.
These results indicate that the levels of haptoglobin in the plasma
of mice increase as the silica particle size decreases. Thus, hapto-
globin appears to be a valuable biomarker for exposure to silica
particles of nanometer size.

To assess the potential of haptoglobin as biomarker more
precisely, we examined the sensitivity and time dependency of
changes in haptoglobin level after treatment with silica particles.
BALB/c mice were treated with nSP70, nSP300 or mSP1000 intra-
venously at 0.8 mg/mouse. After 6 h, 24 h, 3 day and 7 day, we
examined the level of haptoglobin in the plasma by ELISA (Fig. 2B).
No elevation of haptoglobin in the plasma of mSP1000 treated mice
was observed. However, nSP70 and nSP300 treated mice showed
amaximum level of haptoglobin 24 h after treatment. Furthermore,
at 3 days after treatment, the level of haptoglobin in nSP70 treated
mice was significantly higher than saline treated control mice.
Next, BALB/c mice were treated with 0.2 and 0.05 mg/mouse nSP70
intravenously. After 24 h, we examined the level of haptoglobin in
the plasma by ELISA (Fig. 2C). Mice treated with 0.2 and 0.05 mg/
mouse nSP70 did not show any elevated level of haptoglobin. These
results indicate that the level of haptoglobin is elevated as the
particle size of silica particles decreases and that an increase of
haptoglobin is dependent on the concentration of silica particles.

3.3. Response of other acute phase proteins

Haptoglobin, CRP and SAA are typical acute phase proteins that
are induced during infection and inflammation [19]. To assess the
levels of CRP and SAA in plasma after administration of silica
particles, BALB/c mice were intravenously treated with nSP70,
nSP300 or mSP1000 at 0.8 mg/mouse. After 6 h, 24 h, 3 day and 7
day, we examined the level of CRP (Fig. 3A) and SAA (Fig. 3B) in the
plasma of the mice by ELISA. At 6 h and 24 h, both the level of CRP
and SAA in the plasma of mice treated with nSP70 was significantly
higher than those of the saline treated control mice. Furthermore,
the maximum level of CRP in nSP70 treated mice was observed at
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haptoglobin after treatment with silica particles. BALB/c mice were intravenously treated
with nSP70, nSP300 or mSP1000 at 0.8 mg/mouse. After 24 h, the level of haptoglobin in
the plasma of each mouse was examined by ELISA. (B) The time dependency of hapto-
globin expression after treatment with silica particles. BALB/c mice were intravenously
treated with nSP70, nSP300 or mSP1000 at 0.8 mg/mouse. After 6 h,24 h, 3dayand 7 day,
blood samples were collected. The level of haptoglobin in the plasma of the mice was
determined by ELISA. (C) The sensitivity of haptoglobin after treatment of silica particles.
BALB/c mice were intravenously treated with nSP70 at 0.8, 0.2 or 0.05 mg/mouse. After
24 h, blood samples were collected. The level of haptoglobin in the plasma of treated mice
was determined by ELISA. Data are presented as mean =+ SD (n = 5—6; **P < 0.01 versus
value for saline treated group by ANOVA).
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Fig. 3. Response of other acute phase proteins. BALB/c mice were intravenously treated
with nSP70, nSP300 or mSP1000 at 0.8 mg/mouse. After 6 h, 24 h, 3 day and 7 day,
blood samples were collected. The levels of (A) CRP and (B) SAA in the plasma of
treated mice were examined by ELISA. Data are presented as mean + SD (n = 5-6;
*P < 0.05, **P < 0.01 versus value for saline treated group by ANOVA; N.D., not
detected).

6 h after treatment, whereas that of haptoglobin and SAA was
observed at 24 h. In contrast, the level of CRP and SAA in plasma of
mSP1000 treated mice were almost the same as that of the saline
treated control mice at all time points. The level of CRP in the
plasma of nSP300 treated mice was slightly higher than that of
saline treated control mice at 6 h. Our results suggest that both SAA
and CRP may be useful biomarkers for predicting the risk from
exposure to silica nanoparticles as well as haptoglobin. Indeed,
these biomarkers could give even better response and sensitivity
when used in combination.

3.4. The level of acute phase proteins through various routes

Exposure to nanomaterials in our daily lives can occur
through various different routes. For example, nanomaterials
contained in foods and drug medicines are taken up orally,
whereas nanomaterials spread in the environment generally
enter the body intranasally. Therefore, there is a need to evaluate
suitable biomarkers for the exposure of nanomaterials through
various routes. To assess the response of acute phase proteins to

A
900 -
800
700
-
g £ 600
o
O 3
T E 500
§ S 400
=)
S 2 300
o @©
¥
200
100
0 -
saline nSP30 nSP70
B
12 *
é 10
g
o 8
o
(@]
S 6
c
o
g 4
[=
@
2
Q -
3 2
0 -
saline nSP30 nSP70
C
30
o | *
E 25
(=2}
=
é 20
%]
S 15}
c
o
Jd
£ 10
@Q
o
5
38 51
N.D.
0 saline nSP30 nSP70

Fig. 4. Application of acute phase proteins to assess exposure of nanomaterials
through various routes. To assess the administration of silica nanoparticles through an
intranasal route, BALB/c mice were treated with nSP30, nSP70 or saline intranasally at
0.5 mg/mouse. Blood samples were collected 24 h after treatment. The level of (A)
haptoglobin, (B) CRP and (C) SAA in the plasma were examined by ELISA. Data are
presented as mean =+ SD (n = 5-6; *P < 0.05, **P < 0.01 versus value for saline treated
group by ANOVA; N.D, not detected).
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Fig. 5. Responses of acute phase proteins by the exposure to surface modified nSP70.
BALB/c mice were intravenously treated with nSP70 modified with amino or carboxyl
groups at 0.8 mg/mouse. After 24 h, the level of (A) haptoglobin, (B) CRP and (C) SAA in
the plasma of treated mice were examined by ELISA. Data are presented as mean + SD
(n=5-6; *P < 0.05, **P < 0.01 versus value for saline treated group by ANOVA; N.D.,
not detected).

silica particles introduced via different routes, we examined the
level of haptoglobin, CRP and SAA in plasma after treatment of
silica particles intranasally (Fig. 4). In this experiment, we used
nSP30 and nSP70. For the administration of silica nanoparticles
through an intranasal route, BALB/c mice were treated with
nSP30, nSP70 or saline intranasally at 0.5 mg/mouse. After 24 h,
we examined the level of haptoglobin (Fig. 4A), CRP (Fig. 4B) and
SAA (Fig. 4C) in the plasma of the mice by ELISA. We showed
that the level of haptoglobin, CRP and SAA in the plasma of mice
treated with nSP30 intranasally was significantly higher than
those of the saline treated control mice, although intranasal
administration of nSP70 did not cause elevation in the plasma
level of each acute phase protein in the treated mice. These
results suggest that acute phase proteins could be useful
biomarkers for predicting the risk arising from exposure to silica
nanoparticles through various routes.

3.5. The level of acute phase proteins after treatment with surface
modified silica nanoparticles

It has recently become evident that particle characteristics,
including particle size and surface properties, are important factors
in pathologic alterations and cellular responses [8,20—22]. Previ-
ously, our group also showed that surface modification of silica
particles with functional groups such as amino or carboxyl
group suppressed toxic biological effects of silica particles such
as inflammatory responses [23]. To assess whether acute phase
proteins could be useful biomarkers to predict risk factors associated
with exposure to silica particles, we examined the level of hapto-
globin (Fig. 5A), CRP (Fig. 5B) and SAA (Fig. 5C) in the plasma of mice
after administration of nSP70 with amino or carboxyl group surface
modifications. BALB/c mice were treated with 0.8 mg/mouse of these
silica particles intravenously. After 24 h, we examined the level of
haptoglobin, CRP and SAA in the plasma of the treated mice by ELISA.
Ourresults showed that the level of these acute phase proteins in the
plasma of nSP70 with amino or carboxyl group treated mice were
significantly low compared with nSP70 treated mice.

4. Discussion

Our goal was to identify the biomarkers of nanomaterials for
predicting their potential toxicity and to provide basic information
for the creation of safe nanomaterials. To achieve these purposes,
we tried to identify biomarkers in blood using a proteomics anal-
ysis. At first, we showed that the silica nanoparticles with small
particle sizes (diameter <100 nm) induced a higher level of acute
phase proteins such as haptoglobin, CRP and SAA than larger silica
particles (diameter >100 nm) after intravenously treatment (Figs. 2
and 3). Previously, our group has shown that silica nanoparticles
with relatively small particle size such as nSP70 induce a greater
level of toxicity, including liver injury, compared to those of larger
particle size [10,11]. Thus, there is a correlation between toxicity
induced by the silica nanoparticles and the level of each potential
plasma biomarker. Therefore, these acute phase proteins appear to
be good biomarkers for predicting the strength of toxicity induced
by silica nanoparticles.

The acute phase response is the nonspecific early response of an
organism to infection and inflammation[24]. It comprises a whole
array of systemic reactions and induction of a group of serum
proteins called the acute phase proteins [25]. Monitoring the
progression of infection and cancer by acute phase protein
measurements in blood samples is used extensively in human
patients. For example, haptoglobin is a biomarker of pancreatic
cancer [26]. CRP is used as an index for the development of atrial
fibrillation and maintenance [27], although mouse CRP is
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synthesized only in trace amounts unlike its human counterpart
[28]. In addition, both SAA and CRP are used as an index for adverse
prognosis of breast cancer [29]. Therefore, we believe that these
diagnostic systems using acute phase proteins for human health
would be useful for predicting the risk of exposure to nano-
materials as well as their likely toxicities. In addition, we showed
that the induction time for the maximum level of haptoglobin, SAA
and CRP are different after treatment with the silica nanoparticles
(Figs. 2 and 3). Therefore, the predictive quality of these biomarkers
is improved when they are used in combination.

Epidemiological studies have suggested that increased levels of
ambient particle including particle with nanometer size are asso-
ciated with adverse effects in the respiratory and cardiovascular
systems [30]. Some reports have shown that humans exposed to
ambient particle have increased blood levels of CRP [31]. In addi-
tion, epidemiological studies have shown associations between
increased concentrations of SAA and CRP in plasma, and increased
risk of cardiovascular diseases [32] and cancer [33]. Therefore we
consider that acute phase proteins would be biomarkers for pre-
dicting the risk of inflammatory disease, cardiovascular diseases
and cancer after exposure by nanomaterials.

In recent years there has been increasing use of nanomaterials in
cosmetics, due to their light-diffusing properties and absorbencies,
as well as in foodstuffs, such as additives in powdered foods. In
particular, silica particles have been extensively used in many
consumer products. For example, in the US, the use of amorphous
silica is limited to less than 2.0% by weight of common salt. Other
limits are defined for finished foods (<1%) and dried egg products
(<5%). We cannot avoid exposure to nanomaterials, either from the
unintentional release of waste products into the environment or by
exposure to medicines, cosmetics and foodstuffs. Thus, it is
important to carry out a safety analysis of nanomaterials after
exposure via various routes. In this study, we showed that the level
of acute phase proteins in the plasma of mice treated with nSP30
intranasally was elevated, although nSP70 did not induce elevation
of each acute phase protein (Fig. 4). Therefore we consider that
nSP30 would induce any toxic biological effects after intranasally
treatment. Now we are trying to examine the pharmacokinetics
and biological effects of nSP30 after intranasally treatment.

We then examined the effects of surface modification of silica
nanoparticles on the production of acute phase proteins, because it
has become evident that surface properties are important factors in
the biological effects of particles. We showed that nSP70 with
amino or carboxyl group surface modifications did not induce the
production of each acute phase proteins (Fig. 5). Previously, we
showed that surface modification of silica particles with functional
groups such as amino or carboxyl group suppressed toxic biological
effects of silica particles such as inflammatory responses [23].
These results also suggest that acute phase proteins could be
a promising candidate biomarker for predicting the strength of
toxicity induced by silica nanoparticles, although it is need to
examine the toxic biological effects of silica nanoparticles with
functional groups. Over recent years, nanomaterials have been
introduced into our everyday lives. For example, silica particles,
titanium dioxide and fullerenes of various crystallographic struc-
tures and surface functional groups are used in a range of different
consumer products. Therefore, we are now trying to evaluate the
response of acute phase proteins to exposure from various
nanomaterials.

In general, acute phase proteins are known to be released from
the liver mainly as a result of inflammatory cytokines such as
interleukin (IL)-6 [19]. However, we confirmed that the levels of IL-
6 were not elevated in the plasma of mice treated with silica
particles at 24 h after treatment (data not shown). Therefore it is
unclear why nanomaterials induce the production of acute phase

proteins. We already showed that although silica particles with
micrometer size tend to be taken up by Kupffer cells, silica nano-
particles with small particle sizes distribute around hepatic
parenchymal cells (unpublished data). It is conceivable that instead
of inflammatory cytokines, small silica particles act directly on the
liver to induce the release of acute phase proteins. We are currently
analyzing the detailed mechanism by which silica particles induce
acute phase proteins in order to identify additional protein
biomarkers.

5. Conclusions

We show here that acute phase proteins such as haptoglobin,
CRP and SAA can act as useful biomarkers for analyzing the risk of
exposure to nanomaterials and their associated toxicity. We believe
that such information would be vital for the future development of
predictive tests for estimation of the potential toxicity of new
nanomaterials based on their physiochemical characteristics.
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