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Essential role of the p38 mitogen-activated protein
kinase pathway in tissue factor gene expression
mediated by the phosphatidylserine-dependent
antiprothrombin antibody

Kenji Oku', Olga Amengual’, Polona Zigon?, Tetsuya Horita', Shinsuke Yasuda®
and Tatsuya Atsumi’

- Abstract

Objective. The aim of this study was to investigate the effects of phosphatidylserine-dependent antipro-
thrombin antibody (aPS/PT) on the expression of tissue factor (TF) and the signal transduction pathway in
procoagulant cells.

Methods. Peripheral blood mononuclear cells (PBMCs) from a healthy donor, murine monocyte
RAW264.7 cells and human umbilical vein endothelial cells (HUVECs) were treated with either IgG frac-
tions obtained from APS patients who were positive for aPS/PT or a murine monoclonal aPS/PT antibody,
231D, in the presence of prothrombin. The levels of TF mMRNA were measured using real-time PCR. TF
function, as measured by procoagulant activity, was determined with a clotting assay. 231D binding on
the surface of treated cells was determined by flow cytometric analysis. Screening for phosphorylation of
intracellular signalling proteins was conducted using an array assay. Phosphorylation of p38 MAPK was
quantitatively analysed with ELISA, and SB203580 was used as a specific inhibitor of p38 MAPK. Specific
siRNA for p38 MAPK was used for the knockdown assay.

Results. The IgG fractions from APS patients and 231D induced TF mRNA overexpression and shortening
of coagulation time in cells in the presence of prothrombin. The 231D moiety induced phosphorylation of
p38 MAPK after binding to the cell surface of RAW264.7 cells. SB203580 or p38 siRNA significantly
hampered TF overexpression.

Conclusion. Expression of TF in procoagulant celis was induced by aPS/PT via p38MAPK phosphoryl-
ation. This phenomenon may be correlated with the thrombogenicity of APS.

Key words: antiphospholipid syndrome, antiprothrombin antibody, tissue factor, p38 MAPK, procoagulant cell
activation.

introduction

APS is a clinical condition characterized by recurrent
thrombotic events and/or pregnancy morbidity associated
with the persistence of aPLs. aPlLs are a large and
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heterogeneous group of circulating immunoglobulins that
appear either idiopathically or in a wide range of infectious
or autoimmune diseases [1].

Traditionally aPLs are classified as aCls, anti-beta-2-
glycoprotein | (apoGPl) antibodies or LA. Both aCL and
aP.GPI are detected by ELISA, and both target the com-
plex of B,GPl and anionic phospholipids. These antibo-
dies are designated B,GPl-dependent anticardiolipin
antibodies (aCL/B.GPI) [2]. LA is detected by functional
coagulation tests that require a careful and sequential
series of examinations, and LA activities are indicative
of the existence of heterogeneous antibodies, including
aCL/B,GPI.
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Evidence has shown that some LA activities depend on
antibodies against prothrombin, which was first proposed
as a possible cofactor for LA in 1959 [3]. The pathogen-
icity of aPT was reported from various institutes [4, 5]. Haj-
Yahia et al. [6] reported that aPT obtained from mouse
immunized with human prothrombin showed pathogen-
icity in an ex vivo model. However, association between
antiprothrombin and clinical manifestation of APS is still a
subject of controversy [7].

We showed that antibodies against the phosphatidyl-
serine-prothrombin complex (@aPS/PT), rather than antibo-
dies against prothrombin alone, are closely associated
with APS and LA [8], and their targeted antigen is a com-
plex of anionic phospholipid and its binding protein, an
analogue of the cardiolipin-B.GP! complex. The sensitivity
and specificity of aPS/PT for the diagnosis of APS have
been assessed in a population with a variety of autoim-
mune disorders. It is now recognized that aPS/PT may
have diagnostic potential, and they have been proposed
as a candidate marker of APS and as an alternative test
for LA [9-12].

In contrast to the clinical observation of a strong link
between aPS/PT and thrombosis, only a few studies
have demonstrated the thrombogenicity of aPS/PT. We
have established a monoclonal aPS/PT, designated
231D, which specifically binds to phosphatidylserine-pro-
thrombin complex (PS/PT) and possesses strong LA ac-
tivity [13]. The concentration-dependent LA activity of the
monoclonal aPS/PT and the epitope overlap reasonably
represent the characteristics of autoimmune aPS/PT.

Tissue factor (TF) is the initiator of the extrinsic coagu-
lation pathway, and we previously reported its upregula-
tion in APS patients [14, 15]. Further, the results of our
previous study and those of other studies demonstrated
that monoclonal aCL/B,GPI binds directly to procoagulant
cells such as monocytes and endothelial cells (ECs), and
that this binding mediates cell dysregulation, which may
induce the clinical manifestations of APS [16-19]. When
procoagulant cells are exposed to aCL/B,GPl in the pres-
ence of B,GPl, they produce thrombophilic molecules,
particularly TF or adhesion molecules concomitant with
activation of the p38 mitogen-activated protein kinase
(MAPK) pathway [20-23]. Considering the analogy in the
immunological aspects and clinical impact between aCL/
B2GPI and aPS/PT, these two populations of antibodies
are likely to share in the pathophysiology of APS.

In this study we investigated the effects of aPS/PT on
procoagulant cells by performing in vitro assays with pur-
ified 1gG fractions obtained from the sera of patients
with APS who were positive for aPS/PT and negative for
aCL/B,GPI, and with the monoclonal aPS/PT antibody,
231D.

Materials and methods

Monoclonal and autoimmune aPTs

Two murine monoclonal aPTs, 231D and 51A6, were pre-
viously established and characterized [13]. Briefly, the
monoclonal aPS/PT antibody 231D was established as
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follows. BALB/c mice were intraperitoneally immunized
with human prothrombin emulsified with complete or in-
complete Freund's adjuvant. Spleen cells were fused with
P3U1 mouse myeloma cells, and cells producing antibo-
dies against PS/PT complex were screened using an
aPS/PT ELISA, and the monoclonal antibody was sequen-
tially purified by protein G-Sepharose affinity chromatog-
raphy. 51A6, the monoclonal antibody directed against
prothrombin, was established in the same manner as
231D with the exception of the immunogen used,
prethrombin-1, which is a fragment of prothrombin lacking
the phospholipid-binding site (Gla domain).

Both monoclonals bind strongly to the PS/PT complex,
but not to phosphatidyiserine alone; however, 231D has
stronger binding to the PS/PT complex than 51A6. 51A6
binds to prothrombin coated on both irradiated and non-
irradiated ELISA plates {antiprothrombin-alone (APT-A)
activity [24]}; however, 231D shows little binding to pro-
thrombin regardless of the plate type. 231D-spiked
plasma has strong LA activity; 51A6-spiked plasma also
has LA activity, but it is weaker. Binding of purified IgG
from aPS/PT-positive patients with APS to the PS/PT
complex is partially inhibited by 231D, but not by 51A6.

Therefore 231D has characteristics common to autoim-
mune aPS/PT. In contrast, 51A6 binding to prothrombin
was not affected by the presence of phosphatidylserine,
which is far different from the characteristics of the aPTs
found in patients with APS.

1gG fractions were obtained from plasma samples of five
APS patients with high titres of IgG aPS/PT in the absence
of IgG aCL and af,GPI using protein G-Sepharose affinity
chromatography (MAbTrap-TMGII, Pharmacia). The pa-
tients included three females with a mean age of 46
(range 36-72) years, disease duration of 3-7 years and
one to four past thrombotic events. IgG fractions from pa-
tients were pooled as the IgG aPS/PT fraction and frozen
until use. Purified IgG fractions from plasma of three
healthy individuals were prepared in the same fashion.

The study was performed in accordance with the
Declaration of Helsinki and the principles of good clinical
practice. Approval was obtained from the local ethics
committee (Institutional Review Board of Hokkaido Uni-
versity Hospital), and informed consent was obtained
from all subjects.

Cell isolation and preparation

Venous blood was collected from healthy donors into
heparinized tubes. Peripheral blood mononuclear cells
(PBMCs) were isolated by gradient centrifugation (Ficoll-
Pague plus, GE Healthcare, Chalfont St Giles,
Buckinghamshire, UK). The cells were then washed with
Rosewell Park Memorial Institute (RPMI)-1640 medium
(Sigma-Aldrich, St. Louis, MO, USA) supplemented with
10% heat-inactivated fetal calf serum (FCS; GIBCO BRL,
Paisley, UK) containing penicillin and streptomycin, fol-
lowed by centrifugation once at 400 g for 5min at room
temperature, and twice for 5min at 4°C. The cells were
then resuspended in RPMI-1640 and counted using the
trypan blue dye exclusion method. The murine monocyte
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cell line RAW264.7 (American Type Culture Collection
number TIB-71) was maintained in an atmosphere of 5%
CO, at 37°C in DMEM (GIBCO BRL) supplemented with
10% heat-inactivated FCS containing penicillin and
streptomycin. Human umbilical vein endothelial cells
(HUVECs) (Kurabo, Tokyo, Japan) were maintained
under 5% CO, at 37°C in HuMedia EB-2 (Kurabo).

Procoagulant cell treatment

Prothrombin, monoclonal aPS/PT (231D) and mouse IgG
were added to PBMCs or RAW264.7 celis at a concentra-
tion of 10 ug/mi and to HUVECs at a concentration of
15 pg/mi. The IgG aPS/PT fraction (500 pg/ml) or control
IgG fraction (500 pg/ml) was added to the cells.
Lipopolysaccharide (LPS) was used as positive control
at a concentration of 100 ng/ml. The Ca®* concentration
in each sample was adjusted to 2.5 mM, which was suf-
ficient to facilitate the binding of prothrombin to phospha-
tidylserine. The cells were treated for 5h for TF mRNA
determination, for 15 min for p38 MAPK phosphorylation
and for 12 h for clotting assay.

Flow cytometry assay with lIF staining

To observe the binding of monoclonal antibody to the cell
surface, a flow cytometry assay with lIF staining was per-
formed. Mouse monoclonal antibodies and control IgG
were added to RAW264.7 with or without prothrombin.
Cells were washed and collected after 4 h of incubation.
Diluted FITC-conjugated AffiniPure donkey anti-mouse
IgG antibody (Sigma-Aldrich Co.) was added to the cell
suspension and then analysed with a flow cytometry
(FACS) analyser.

RNA isolation and quantitative TagMan real-time PCR

Total RNA was isolated from the cells using TRIzol reagent
(invitrogen, Carlsbad, CA, USA) and an RNeasy Mini kit
(Qiagen GmbH, Hilden, Germany) and stored at —80°C
until use.

Complementary DNA (cDNA) was generated using the
SuperScript H first-strand cDNA pre-ampilification system
(Gibco BRL, Rockville, MD, USA) according to the random
primer protocol provided by the manufacturer. The induc-
tion of mMRNA was measured by real-time PCR using
TagMan Universal PCR Master Mix and gene-specific
sets of Assay-on-Demand Gene Expression probes
(Applied Biosystems, Foster City, CA, USA) with the ABI
PRISM 7000 Sequence Detection System (Applied
Biosystems).

Messenger RNA samples were analysed in at least
three similar real-time PCR procedures. Negative controls
containing water instead of RNA were simultaneously
run to rule out cross-contamination. Relative expression
was quantified by the AACt method and normalized to
GAPDH.

Clotting assay

To evaluate the procoagulant activity of cells, the clotting
time of PBMCs was measured using an automated STA-R
coagulation analyzer (Diagnostica Stago, Asniére,
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France). After three washes in Tris-buffered saline (TBS)
containing 0.05% Tween 20 (Sigma-Aldrich Co.) and
5 mM CaCl, (TBS-Tween-Ca), 2 ml of normal human
plasma was added to 2ml of cell fluid (1 x 10° cells/ml).
The reduction in the clotting time compared with the nor-
mal control sample was interpreted as increased coagu-
lation function and was attributed to the expression of TF.

Detection of intraceliular signal protein
phosphorylation

For parallel determination of the relative phosphorylation
levels of intracellular signal proteins, particularly MAPKs
and other serine/threonine kinases, an array assay was
performed using the Human Proteome Profiler Array kit
(R&D Systems, Minneapolis, MN, USA) following the
standard procedure provided by the manufacturer.
Briefly, concentrated PBMC lysates obtained from
normal healthy controls were adjusted according to the
manufacturer’s instructions following exposure to the
stimulators [231D (10 pg/ml) with and without prothrombin
(10 ug/mi)] for 15 min. The lysates were added to the array
and exposed to X-rays for 5min.

Quantitative analysis of serine-threonine kinase
phosphorylation by cellular activation ELISA

Quantitative analysis of intracellular signal phosphoryl-
ation in RAW264.7 mouse monocytes was performed
using a Cellular Activation of Signaling ELISA (CASE) kit
(SABiosciences Corporation, Frederick, MD, USA) follow-
ing the standard method provided by the manufacturer.
The phosphorylation of p38 MAPK, c-Jun N-terminal
kinase (JNK), extracellular regulated kinase (ERK1/2) and
Akt (protein kinase B) was carried out as foilows. Briefly,
experimentally treated cells were seeded in 96-well plates
and fixed with paraformaldehyde. Two primary antibodies,
one that recognizes phosphorylated serine-threonine kin-
ases and another that recognizes serine-threonine kinases
regardless of phosphorylation were used to detect the
relative amount of phosphorylated serine-threonine kin-
ases, which was assayed by measuring the optical density
(OD) on an ELISA plate reader. The OD was measured at
450 nm and normalized to the cell number (ODs40). Then
the OD ratio (OD450:0Ds40) of phospho-serine-threonine
kinase-specific antibody (OD phospho-kinases) was
normalized to the pan-serine-threonine kinase-specific
antibody OD ratio (OD pan-kinases) under the same ex-
perimental conditions, indicating the relative extent of
serine-threonine kinase phosphorylation (OD phospho-
kinases/OD pan-kinases). Finally, to determine the relative
extent of target protein phosphorylation, the OD phospho-
kinases/OD pan-kinases ratio of each sample was com-
pared with unstimulated samples to calculate the relative
amount of serine-threonine kinase phosphorylation.

RNA interference

RNA interference was carried out with Accell small inter-
fering RNA (siRNA; Dharmacon, Lafayette, CO, USA), pre-
designed pools of four oligonucleotides, using the Acceli
siRNA delivery protocol following the manufacturer’'s
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instructions. Briefly, 8 h after plating, PBMC from healthy
controls (5 x 10° cells/well) were transfected with 1puM
p38 MAPK-a (MAPK 14) Accell siRNA or Accell non-
targeting siRNA in 100 pl Accell siRNA delivery media
(Dharmacon). Cells were incubated at 37°C 72h before
assessment of RNAi knockdown effect.

Proteins

Fatty acid-free BSA was obtained from Sigma-Aldrich.
LPS was removed from the antibody preparation by
using DetoxiGel (Pierce, Rockford, IL, USA), and its ab-
sence was confirmed using the Limulus amebocyte lysate
assay (Limulus ES-il Single Test Wako; Wako, Osaka,
Japan). Human prothrombin was obtained from Enzyme
Research (South Bend, IN, USA).

Statistical analysis

Means of the various treated and control groups were
compared by Student’s unpaired t-test. SPSS |l for
Windows (SPSS Japan Inc., Tokyo, Japan) was used for
all calculations.

Results

Upregulation of TF mRNA expression in PBMCs and
RAW264.7 cells treated with IgG from APS patients’
plasma and monoclonal aPS/PT

Immunoglobulin G isolated from APS patients’ plasma
and LPS significantly increased the expression of TF
mRNA in PBMCs. In contrast, IgG from healthy controls
did not increase the expression of TF mRNA in PBMCs
(Fig. 1A).

231D in the presence of prothrombin significantly
increased the expression of TF mRNA in PBMCs and in
RAW264.7 cells. However, 231D in the absence of pro-
thrombin or contro! IgG with prothrombin did not increase
TF mRNA expression (Fig. 1B and C).

Procoagulant activity of PBMCs treated with aPS/PT

TF function in aPS/PT-treated cells, measured by pro-
coagulant activity, was analysed using a clotting assay.
The clotting time of the cell fluid from PBMCs treated
with IgG isolated from APS patients’ plasma in the pres-
ence of prothrombin was significantly reduced. In con-
trast, the coagulation time of cell fluid treated with APS
patients’ IgG alone or IgG from healthy controls with pro-
thrombin was not reduced (Fig. 2A). In addition, the clot-
ting time of the cell fluid from PBMCs treated with 231D in
the presence of prothrombin was significantly reduced.
The coagulation time of cell fluid treated with 231D
alone or with control IgG and prothrombin was not
reduced (Fig. 2B).

Monoclonal aPS/PT binding to the cell surface of
RAW264.7 cells was detected by a flow cytometric
assay with IIF staining

RAW?264.7 were treated with monoclonal aPTs (51A6 and
231D) or control mouse IgG at 37°C under 5% CO, for 4 h.
In the presence of prothrombin, 75.9% of 231D-treated
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cells bound to antibody, while only 41.4% of 51A6-treated
cells and 0.5% of control IgG-treated cells bound to anti-
body. In the absence of prothrombin, cells treated
with antibodies showed almost no binding to the 231D,
51A6 and control IgG antibodies (3.8%, 0.1% and 0.3%,
respectively) (Fig. 3).

Intracellular signal protein phosphorylation in PBMCs
treated with monoclonal aPS/PT

Results of the array assay showed phosphorylation of p38
(P38 in PBMCs treated with 231D in the presence of
prothrombin. However, no p38 phosphorylation was de-
tected in cells treated with 231D in the absence of pro-
thrombin. Phosphorylation of other serine/threonine
kinases or other MAPK family proteins was also not de-
tected, therefore p38 was presumed to be the major
signal protein involved in monocyte activation by aPS/PT.

Quantitative analysis of intracellular signal
phosphorylation in RAW264.7 cells treated with
monoclonal aPS/PT

Based on the results of the array assay, serine-threonine
kinases including p38 phosphorylation was quantitatively
analysed using an ELISA CASE kit. In the presence of
prothrombin, 231D significantly increased the relative
amount of p38 phosphorylation compared with the un-
treated control up to 1.7-fold. There was no increase in
the amount of relative p38 phosphorylation with 231D in
the absence of prothrombin, or with control mouse IgG
plus prothrombin (Fig. 4A). The relative amount of phos-
phorylation in other serine-threonine kinases such as JNK,
ERK1/2 and Akt were not detected (Fig. 4B-D).

Effect of p38 MAPK inhibitor on PBMCs TF
expression induced by monoclonal aPS/PT treatment

To elucidate the role of p38 MAPK in TF mRNA expres-
sion, we investigated the effect of a p38 MAPK inhibitor on
celis treated with monoclonal aPS/PT. The p38-specific
inhibitor SB203580 significantly reduced TF mRNA over-
expression in 231D-treated PBMCs (Fig. 5A) and
RAW264.7 cells compared with the untreated control
(Fig. 5B). However, its inactive analogue SB202474 did
not affect TF mRNA expression. Addition of SB203580
to 231D-treated cells decreased TF mRNA expression
80-90%.

Effect of siRNA reagents on PBMC TF expression
induced by monoclonal aPS/PT treatment

The effect of p38 siRNA on PBMC TF mRNA expression
induced by 231D treatment was investigated as indicated.
The expression of TF mRNA on 231D-treated PBMCs was
significantly offset by pre-treatment of p38 siRNA. In con-
trast, pre-treatment of control siRNA did not affect TF
mRNA expression on 231D-treated PBMCs (Fig. 6).

Upregulation of TF mRNA expression and adhesion
molecules in HUVEGCs induced by monoclonal aPS/PT

The expression of TF mRNA was significantly upregulated
in HUVECs treated with 231D in the presence of

www.rheumatology.oxfordjournals.org
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Fic. 1 Upregulation of TF mRNA expression by aPS/PT.
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RAW264.7 cells or PBMCs obtained from normal healthy controls were exposed to the substances described below for
5h. IgG extracted from APS patients positive for aPS/PT (IgG aPS/PT) or IgG extracted from healthy controls (igG control)
was added at 500 pg/ml. Prothrombin (PT), 231D and mouse control IgG (mouse IgG) were added at a concentration of
10 ng/mi and LPS was added at a concentration of 100 mg/ml. *P < 0.005. Vertical axes represent the relative expression
levels of TF mRNA determined by real-time PCR. The bars represent the mean = s.e. of three independent experiments.
(A) The relative TF mRNA expression levels in PBMCs treated with an IgG fraction from aPS/PT-positive patients or an
IgG fraction from healthy controls. (B) Relative TF mRNA expression levels in PBMCs treated with 231D or mouse control

IgG. (C) The relative TF mRNA expression levels in RAW264.7 cells treated with 231D or mouse control IgG were

measured.

prothrombin (PT+231D vs baseline, 231D alone and
PT +control IgG: 2.5+0.7 vs 1, 1.2+ 0.3 and 1.31+£0.24;
all, P <0.005). The p38-specific inhibitor SB203580 sig-
nificantly reduced TF mRNA overexpression in 231D-trea-
ted HUVECs [SB203580 (+) vs SB203580 (—): 1.4+ 0.2 vs
25+0.7; P<0.005); however, its inactive analogue
SB202474 did not affect TF mRNA overexpression.

The expression levels of vascular cell adhesion
molecule-1 (VCAM-1), platelet-endothelial cell adhesion
molecule-1 (PCAM-1) and endothelin-1 mRNA were signifi-
cantly upregulated 2- to 3-fold in HUVECs treated with
231D in the presence of prothrombin. However, in the ab-
sence of prothrombin, 231D did not affect the expression
of these adhesion molecules (PT + 231D vs baseline, 231D
alone and PT +control IgG; VCAM-1:2.1+06vs 1, 1.4+
0.1 and 1.1£0.2, PCAM-1: 2.8+0.3 vs 1, 1.3+0.0 and
1.8+0.3, selectin; 2.0+0.4 vs 1, 1.3+0.2 and 1.1+0.4;
all, P <0.01).

www.rheumatology.oxfordjournals.org

Discussion

In this study we showed that IgG fractions and monoclo-
nal aPS/PT induced TF in procoagulant cells. Monoclonal
aPS/PT bound to monocytes using prothrombin as a co-
factor for binding. Further, we demonstrated that treat-
ment by aPS/PT induces the phosphorylation of p38
MAPK in these procoagulant cells. The coagulation pro-
cess in vivo is complicated and various cells or molecules
other than monocytes or endothelial celis are involved.
Obviously there are certain limitations in discussing aPS/
PT-induced thrombosis from the current results. However,
our results showed that TF, the key protein in the coagu-
lation pathway, is overproduced by its main sources in the

" circulation, monocytes and endothelial cells. Upregulation

of blood-borne TF indicates increased procoagulant
activity that is considered one of the most important char-
acteristics of aPL-induced thrombosis.
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Fia. 2 Procoagulant activity of cells treated with aPS/PT.
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PBMCs obtained from normal healthy donors were exposed to the substances described below for 5 h. The cells were
washed and then added to normal healthy plasma, and coagulation time was measured. The reduction in coagulation
time was calculated by subtracting the coagulation time of each treated sample from that of unstimulated cells. The bars
represent the mean + s.e. of three independent experiments. “P < 0.005. (A) PBMCs treated with IgG fractions from
patients positive for aPS/PT (aPS/PT) or IgG fraction from healthy controls (control) (500 pg/ml) in the presence or
absence of prothrombin (PT). (B) PBMCs treated with 231D or mouse control IgG (IgG) (10 pg/mi).

Fie. 3 Binding of aPS/PT to the surface of RAW264.7 cells.
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Murine monocional anti-prothrombin antibodies (51A6, 231D) and control murine IgG (IgG) were added to RAW264.7
cells at a concentration of 7.5 ug/mi with or without prothrombin (PT) (10 ng/ml), and then incubated for 4 h. After incu-
bation, FITC-conjugated anti-mouse IgG antibody was added to the cell suspension and then analysed with a FACS
analyzer. The vertical axes represent the number of cells and the horizontal axes represent the FITC fluorescence
intensity.
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Fiz. 4 Quantitative analysis of serine-threonine kinase phosphorylation in aPS/PT-treated cells.
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RAW264.7 cells were exposed to the substances described below for 15 min. Prothrombin (PT), 231D and mouse control
IgG (IgG) were added at a concentration of 10 jig/mi and LPS was added at a concentration of 100 ng/ml. The relative OD
ratio of each sample was measured and calculated as described in the Materials and methods section. *P < 0.005, NS:
not statistically significant.

Fic. 5 p38 MAPK inhibition assay in aPS/PT-treated cells.
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PBMCs and the mouse monocyte cell line, RAW264.7, were exposed to stimulators for 5 h. Prothrombin (PT) and 231D
were added at a concentration of 10 ng/m! and LPS was added at 100 ng/ml. Cells were pretreated with the p38-specific
inhibitor SB203580 (1 uM) or its inactive analogue SB202474 (1 uM) for 30 min followed by treatment with stimulators.
Vertical axes represent the relative expression levels of TF mRNA detected by real-time PCR. The bars represent the
mean + s.e. of three independent experiments. **P < 0.001, NS: not statistically significant. (A) The relative TF mRNA
expression levels in PBMCs. (B) The relative TF mRNA expression levels in RAW264.7 cells.

www.rheumatology.oxfordjournals.org 1781

— 138 —

$107 ‘7 A1enigqeJ Uo ASISAIUN OPIRYNOH I /Alo sjewinolpia)xo AFojorwwnaysy, diyy Wolj papeojumo(]



Kenji Oku et al.

Fia. 6 RNA interference of p38 MAPK in aPS/PT-treated
cells.
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PBMCs were pretreated for 72 h with siRNA of p38 MAPK
or the control and subsequently exposed to stimulators
for 5h. Prothrombin (PT) and 231D were added at a
concentration of 10 pg/mi and LPS was added at

100 ng/ml. The vertical axis represents the relative ex-
pression level of TF mRNA detected by real-time PCR.
The bars represent the mean + s.e. of three independent
experiments. **P < 0.001, NS: not statistically significant.

231D and 51A6 significantly bound to the membranes
of monocytes in the presence of prothrombin. The binding
of 231D to the cell surface was clearly stronger than that
of 51A6. This observation was similar to our previous
report that 231D had stronger binding to the PS/PT com-
plex than 51A6 [13], suggesting that the monoclonal
antibodies bind to prothrombin complexed with phospha-
tidylserine on the cell surface.

Our data suggest that TF production induced by aPS/
PT in procoagulant cells is mainly induced via activation of
the p38 MAPK pathway, which is similar to past reports
showing that p38 MAPK was the main pathway of aCL/
B,GPI-induced cell activation. It is interesting that antibo-
dies recognizing different proteins seem at least partially
to utilize a common signalling pathway. Our findings are in
agreement with the clinical observation that the manifest-
ations of APS do not differ in patients with different anti-
body profiles.

Protein kinases are key regulators of cellular signalling,
inflammation, cell differentiation and celi death. Thus
they have been attractive targets for the treatment of
neoplasms and inflammatory diseases [25-27].

p38 MAPK belongs to the MAPK signal protein family
and is strongly activated by environmental stress or in-
flammatory cytokines such as TNF-u, IL-1B and {L-18
[28-30]. Consequently p38 MAPK activation is considered
critical for physiological immune responses, and p38
MAPK dysfunction is related to the pathology of autoim-
mune diseases other than APS {31-33].

In the present study, phosphorylation of signal proteins,
such as those in the MAPK protein family and serine/
threonine kinases, was screened in aPS/PT-treated cells

1782

using a proteome array and major signals were quantita-
tively measured by ELISA tests. No proteins other than
p38 MAPK were found to be phosphorylated. Further,
specific p38 MAPK inhibitors or knockdown of p38
MAPK mRNA effectively inhibited procoagulant cell acti-
vation. Therefore p38 MAPK is suggested as a major
signal protein for the activation of aPS/PT-induced pro-
coagulant cells. Although a previous study showed that
ERK activation was observed in cells treated with IgG
fractions from APS patients [22], an ERK inhibitor did
not abolish TF expression in procoagulant cells, suggest-
ing that ERK does not play a major role in cell activation.
We also did not detect the ERK phosphorylation in our
aPS/PT-treated cells.

The two major aPLs, aCL/B,GPI and aPS/PT, are sug-
gested to activate procoagulant cells primarily through
p38 MAPK phosphorylation, therefore inhibition of p38
MAPK appears to be a promising modality for the treat-
ment of APS. Since p38 MAPK contributes to various cell
activities, its non-specific inhibition might result in severe
complications. In fact, clinical trials of p38 inhibitors for a
variety of diseases have been carried out; however, most
of the trials encountered several complications and were
unsuccessful [34]. A more realistic and practical strategy
would be to target a more specific molecule involved in
the activation of aPL-induced procoagulant cells.

Some reports have demonstrated possible receptors
for aCL/B,GPl-induced cell activation on procoagulant
cells. Annexin A2 is a receptor for tissue plasminogen ac-
tivator and plasminogen that is found on the surface of
ECs and monocytes, and on the brush-border membrane
of placental syncytiotrophoblasts, all of which are recog-
nized targets of pathogenic aPLs [35, 36]. Annexin A2
interacts with the B,GPI-aCL/B,GPI complex on EC and
monocyte surfaces, mediating cell activation [37-39]. The
involvement of annexin A2 in aPL-mediated pathogenic
effects has been reported in vitro and in vivo [40, 41].
However, it is still not clear whether such a receptor is
actually involved in cell activation because annexin A2 is
not a transmembrane protein. Further, it has been pro-
posed that activation of the signalling responses required
another transmembrane adaptor protein(s) that associates
with annexin A2 on the EC surface [42].

The Toll-like receptor (TLR) family, in particular, TLR-2
and TLR-4 [43-45], may also play a role in the interaction
of the B,GPI-aCL/B,GPI complex [42]. Adhered B,GPI
interacts with TLR-4 and aCL/B,GPIi cross-links B,GPI
and the TLR-4 compiex, eventually triggering the signal-
ling cascade activation. Moreover, TLR-4 is the putative
adaptor protein for annexin A2 [38].

Further investigations have shown that megalin/gp330
[46] and apolipoprotein E receptor 2 [47-49] are putative
receptors for aCL/B,GPl. Recently we identified the gel-
solin/integrin «581 complex as a novel receptor of aCL/
B-GPI [50].

In contrast to the intensive investigation of aCL/B.GPI
thrombogenicity, no data are available on the mechanism
of aPS/PT-dependent procoagulant cell activation. It is
not yet known if aCL/B,GPI and aPS/PT have a common
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cell surface receptor and upstream signals of p38 MAPK.
However, we believe that our data are the first to show the
critical pathway of the procoagulant state related to anti-
bodies against prothrombin.

There are several reports showing the correlation be-
tween aPS/PT and APS-related pregnancy morbidity
[51-53] that are subject to further investigation to clarify
the molecutar mechanism of the manifestation. Identifi-
cation and comparison of the receptors for aPS/PT and
aCL/B,GPI will help elucidate the pathogenicity of aPLs
and the mechanisms of APS pathology.

* Rheumatology key messages

o Phosphatidylserine-dependent aPT induced TF ex-
pressions on procoagulant cells in vitro.

« Similar to aCL, phosphatidylserine-dependent aPT
induced cell activation via the p38 MAPK pathway.

« Cell activation via the p38 MAPK pathway may par-

tially explain the pathogenesis of APS thrombosis.
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The involvement of CD36 in monocyte activation
by antiphospholipid antibodies

Department of Medicine I, Hokkaido University Graduate School of Medicine, Sapporo, Japan

Background: CD36, known as a scavenger receptor, is a transmembrane glycoprotein
expressed on monocytes, platelets and endothelial cells, recognizes multiple ligands, including
pbosphatidylserine, and regulates atherogenesis and thrombosis. The objective of this study is
to investigate the possible involvement of CD36 in the pathophysiology of thrombosis in
patients with antiphospholipid syndrome (APS). Methods: First, rs3765187, a missense muta-
tion linked to CD36 deficiency, was investigated by TagMan polymerase chain reaction (PCR)
genotyping method in 819 Japanese, including 132 patients with APS, 265 with systemic lupus
erythematosus (SLE) in the absence of APS, and 422 healthy subjects. Then, the involvement
of CD36 in antiphospholipid antibody (aPL)-induced tissue factor (TF) expression was exam-
ined using CD36-null mice or anti-CD36. Purified 1gG from patients with APS and a mono-
clonal phosphatidylserine-dependent antiprothrombin antibody were used in these
experiments. TF expression was tested by real-time PCR and flow cytometry. Results:
Minor allele carrier of rs3765187 was less frequent in patients with APS (3.8% p=0.032),
but not in patients with SLE in the absence of APS (7.9% p=0.32), compared with healthy
subjects (10.2%). The aPL-induced TF expression was significantly suppressed on peritoneal
macrophages from CD36-null mice compared to wild type and significantly inhibited by anti-
CD36 on human monocytes. Conclusions: The gene mutation linked to CD36 deficiency was
less frequent in patients with APS. The deficient or suppressed CD36 function significantly
reduced aPL-induced TF expression in vitro. Taken together, in a susceptible background
CD36 scavenger receptor function may be involved in the thrombotic pathophysiology in
patients with APS.  Lupus (2013) 22, 761-771.

Key words: Antiphospholipid syndrome; lupus anticoagulant; thrombosis; scavenger receptor

Introduction

Antiphospholipid syndrome (APS) is an auto-
immune disorder in which vascular thrombosis or
pregnant morbidity occurs in patients having per-
sistent laboratory evidence of antiphospholipid
antibodies (aPL). It correlates with a poor progno-
sis or impaired activity of daily living for a high
relapse rate of thrombosis.'

Pathogenic aPL contains B2 glycoprotein
I-dependent anticardiolipin antibodies (aCL/
B2GPI) and phosphatidylserine-dependent antipro-
thrombin antibodies (aPS/PT).>* Both antibodies
recognize epitopes on the phospholipid-binding
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proteins (B2GPl or prothrombin) interacting
with negatively charged phospholipids, such as car-
diolipin and phosphatidylserine. It is com-
monly believed that these epitopes express only
when the phospholipid-binding proteins bind
with anionic phospholipids.* In the 1990s, the func-
tion of phospholipid-binding protein was exten-
sively studied based on the hypothesis that the
interaction of aPL with their antigens impairs
their anti- or procoagulant activities. However, the
activation of procoagulant cells (monocyte, endo-
thelial cell and platelet) through the binding of
phospholipid-binding protein and aPL has been
the focus of investigations during the last decade.'

Tissue factor (TF) upregulation has been advo-
cated as one of the most important mechanisms
in the pathogenesis of APS. Monocytes and endo-
thelial cells treated with aPL demonstrate upregu-
lation of TF expression and function, which is
accompanied by an increase in interleukin (IL)-6
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or other proinflammatory substances.>® Enhanced
TF expression has been observed in healthy mono-
cytes incubated with polyclonal or monoclonal
aPL.® The activation of nuclear factor-kB (NF-
kB) and p38 mitogen-activated protein kinase
(MAPK) has been recognized as participating m
this process as intracellular signaling pathways
However, cell surface receptor participation in this
process is still controversial, and a number of can-
didates have been reported, including annexin A2,
apolipoprotein E receptor 2°, glycoprotein Iba,
low-density lipoprotein (LDL) receptor-related
protein, megalin, toll-like receptor (TLR)2, TLR4,
very-low-density lipoprotein, P-selectin glycopro-
tein ligand-1 and integrin «5p1.77'¢

CD36, known as a member of class B scavenger
receptors, is an 88-kDa transmembrane glycopro-
tein expressed on monocytes, macrophages, plate-
lets and capﬂlary endothelial cells, residing in lipid
raft domains.!”!'® CD36 recognizes multiple lig-
ands, including anionic phospholipids, oxidized
LDL, long-chain fatty acid, collagen, thrombos-
pondin-1 and malaria-infected erythrocytes and
plays a role as a mediator of multiple functions
including inflammation, atherogenesis and throm-
bosis through the actlvatlon of p38 and JNK
MAPK and NF-«B.'®!” Human CD36 deficiency
was first described in 1989 in subjects refractory to
human leukocyte antigen (HLA)-matched platelet
transfusions®® and is found in 4% to 10% of Asian
or African populations.?' > It is divided into two
subgroups: In type I deficiency, neither monocyte
nor platelet expresses CD36, while in type II defi-
ciency monocyte CD36 is expressed in the absence
of platelet CD36.2* There are three major poly-
morphisms on the exons of CD36 gene: a missense
mutation linked to human CD36 deficiency in the
Japanese population (rs3765187, C478T,
Pro90Ser),”’ a nonsense mutation linked to
human CD36 deﬁciencsy in the African population
(rs3211938, T1264G),” and a mutation on the 5’
untranslated region (rs1049654) whose clinical sig-
nificance is unknown. Some clinical phenotypes of
CD36 deficiency have been reported, including
hypertrophic cardlomyopathy, hypertension and
dyslipidemia.?®" The phenotypes of CD36
knock-out (KO) mice have been reported to be pro-
tective for atherosclerosis, thrombosis and inflam-
mation, but susceptible to infection.'®?*3!

Considering the distribution, ligands and func-
tion of CD36, we hypothesized that CD36 is
involved in the pathogenesis of APS as one of the
surface receptors on procoagulant cells, and
thus performed a genetic and molecular-biologic
investigation.

Lupus

Material and methods

Patients

A total of 819 Japanese subjects, including 132
patients with APS, 265 with systemic lupus erythe-
matosus (SLE) in the absence of APS and 422
healthy subjects, were enrolled. All the patients ful-
filled the Sydney-revised Sapporo criteria of APS*
and/or the American College of Rheumatology
classification criteria of SLE.**> Profiles of the
patients with APS are shown in Table 1. This
study was performed in accordance with the
Declaration of Helsinki and the Principles of
Good Clinical Practice. Approval was obtained
from the local ethics committee and informed con-
sent was obtained from each study subject before
enrollment.

Determination of aPL

Two clotting tests were performed for lupus anti-
coagulant (LA) determination, using a semiauto-
mated hemostasis analyzer (STart 4; Diagnostica
Stago, Asnicres-sur-Seine, France) according to
the guidelines recommended by the Subcommittee
on Lupus Anticoagulant/Antiphospholipid
Antibody of the Scientific and Standardisation
Committee of the International Society on
Thrombosis and Haemostasis.** For measurement
of the activated partial thromboplastin time
(APTT), a sensitive reagent with a low phospho-
lipid concentration (test PTT-LA; Diagnostica
Stago) was used for screening, and the results
were confirmed with the use of a StaClot LA kit

Table 1 Profiles of patients with APS
Total number 132
Age (year) 42 (15-74)
Female i1t
Primary APS ‘ 61
Complicated SLE 71
Clinical manifestations (overlapping)
Arterial thrombosis 83
Venous thrombosis 43
Pregnant morbidity 38
Autoantibodies (overlapping)
LA 107
aCL 73
ap2GPI 66
aPS/PT 92

APS: antiphospholipid syndrome; SLE: systemic lupus erythematosus;
LA: lupus anticoagulant; aCL: anticardiolipin antibodies; a2GPI:
anti-p2 glycoprotein I antibodics; aPS/PT: phosphatidylserine-depen-
dent antiprothrombin antibodies.
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(Diagnostica  Stago). The dilute Russell’s
viper venom time (dRVVT) was screened for
and confirmed by use of a Gradipore LAC test
(Gradipore, Sydney, New South Wales, Australia).
LA was considered positive when at least one of
these tests confirmed its presence.

Immunoglobulin (Ig)G and IgM aCL were mea-
sured according to a standard aCL enzyme-linked
immunosorbent assay (ELISA), as described
elsewhere.**

IgG and IgM aB2GPI were determined by ELISA
method as previously reported.*® Purified human
B2GPI was purchased from Yamasa Corp.
(Tokyo, Japan). Irradiated microtiter plates,
Maxisorp (Nunc, Denmark) were coated with
4 ug/ml of purified B2GPI in phosphate-buffered
saline (PBS) at 4°C and washed twice with PBS.
To avoid nonspecific binding of proteins, wells
were blocked with 150l of 3% gelatin (BDH
Chemicals Ltd, Poole, UK). After three washes
with PBS containing 0.05% Tween 20 (Sigma-
Aldrich, St. Louis, MO, USA) (PBS-Tween), 50 ul
of serum diluted with PBS containing 1% bovine
serum albumin (Sigma-Aldrich) (PBS-1% BSA) in
1:50 were added in duplicate. Plates were incubated
for one hour at room temperature and washed three
times with PBS-Tween. Fifty microliters per well of
the appropriate dilution of alkaline phosphatase-
conjugated goat anti-human IgG and IgM (Sigma-
Aldrich) in PBS-1% BSA was added. After one hour
of incubation at room temperature and after four
washes in PBS-Tween, 100 ul/well of 1mg/ml
p-nitrophenylphosphate disodium (Sigma-Aldrich)
in 1 M diethanolamine buffer (pH 9.8) were added.
Following color development, optical density at
405 nm was measured by a Multiskan ascent plate
reader (Thermo Electron Corporation, Waltham,
MA, USA). Normal ranges of IgG (>2.2 U/ml)
and IgM (> 6.0 U/ml) ap2GPI with cut-off values
of 99th percentile were previously established using
nonpregnant 132 healthy controls.

1gG and IgM aPS/PT were detected by ELISA,
as previously described.’’ Briefly, nonirradiated
microtiter plates (Sumilon Type S; Sumitomo
Bakelite, Tokyo, Japan) were coated with 30 pul of
a 50ug/ml preparation of phosphatidylserine
(Sigma-Aldrich) and dried overnight at 4°C. To
avoid nonspecific binding of proteins, the wells
were blocked with 150 ul of Tris-buffered saline
(TBS) containing 1% fatty acid-free BSA (catalog
no. A6003; Sigma-Aldrich) and SmM CaCl, (BSA-
CaCly). After three washes in TBS containing
0.05% Tween 20 (Sigma-Aldrich) and SmM
CaCl, (TBS-Tween-CaCl,), 50l of a 10pg/ml
preparation of human prothrombin (Diagnostica

Antiphospholipid syndrome and CD36
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Stago) in BSA-CaCl, was added to half of the
wells in the plates, and the same volume of BSA-
CaCl, alone (as sample blank) was added to the
other half. After one hour of incubation at 37°C,
the plates were washed, and 50 pl of serum diluted
1:100 in BSA-CaCl; was added to duplicate wells.
Plates were incubated for one hour at room tem-
perature, and alkaline phosphatase-conjugated
goat anti-human IgG or IgM and substrate were
added. The aPS/PT antibody titer of each sample
was derived from the standard curve according to
dilutions of the positive control.

Genotyping

CD36 gene polymorphisms were investigated in this
population using the TagMan polymerase chain
reaction (PCR) genotyping method on a 7500
Fast Real-Time PCR  System® (Applied
Biosystems, Foster City, CA, USA). Genomic
DNA samples were extracted from peripheral
blood. Related risk for having APS or SLE was
approximated by odds ratio (OR).

Materials

Animal studies were reviewed and approved
by Hokkaido University Institutional Animal
Care and Use Committee. CD36KO mice were
kindly donated by Dr Yamashita, Department of
Cardiovascular Medicine, Osaka University
Graduate School of Medicine, Japan.®® FA6-152,
a mouse monoclonal anti-human CD36 antibody
(aCD36) with the CD36 signal blocking property,
was purchased (Abcam, Cambridge, UK).*® A
mouse monoclonal aPS/PT with LA activity,
231D, was prepared as described previously.®
Purified total IgG from APS patients either aCL-
or aPS/PT-positive (Pt-aCL and Pt-aPS/PT,
respectively) or healthy donors (Healthy-IgG)
were prepared using MelonTM Gel 1gG
Purification Kit (Takara Bio, Ohtsu, Japan).
Purity of 1gG was checked by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis. Pt-aCL
and Pt-aPS/PT were confirmed to have aPL titers
by ELISA as described above. Clinical profiles of
the patients whose IgG was purified are shown in
Table 2. All antibodies were confirmed not to be
contaminated with lipopolysaccharide (LPS) using
Limulus ES-II Single Test® (Wako, Osaka, Japan).

Mouse peritoneal macrophage (MPM )
stimulation assay

At three days after intraperitoneal injection of 2 ml
10% proteose peptone (Becton Drive, Franklin
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Table 2 Clinical profiles of patients whose 1gG was purified and used in our experiments
No Disease Age-Sex Arterial thrombosis Venous thrombosis Pregnant morbidity LA aCL aBf2GPI aPS/PT
Pi-aCL 1 PAPS 52-F Stroke - - + + + ~
Pt-aCL2 PAPS 27-F - - Miscarriage + + + -
Pt-aCL3 PAPS 46-F Stroke DVT - + + + -
Pt-aCL4 APS-SLE 49-F Stroke DVT Miscarriage + + + -
Pt-aCL5 PAPS 52-F Stroke - - + + + -
Pt-aPS/PTI  PAPS 29-M Stroke DVT - + - - +
PLaPS/PT2  APS-SLE  I8-F - DVT - + - - +
P-aPS/PT3  APS-SLE  25-F Stroke - Miscarriage + - - +
P-aPS/PT4  APSSLE  33-F - DVT Miscarriage + - - +
Pt-aPS/PTS APS-SLE 22-F Stroke PE Miscarriage + - - +
Pt-aPS/PT6  APS-SLE  30-M - DVT - + - - +
Pt-aPS/PT7  APS-SLE  45-F Stroke DVT + - - +
IgG: immunoglobulin G; F: female; M: male; LA: lupus anticoagulant; aCL: anticardiolipin antibodics; aB2GPI: anti-B2 glycoprotein I antibodics;
aPS/PT: phosphatidylserine-dependent antiprothrombin antibodics; PAPS: primary antiphospholipid syndrome; DVT: deep vein thrombosis; PE:
pulmonary embolism.
Lakes, NJ, USA), MPM were harvested from 8-to  Healthy-IgG or mouse IgGlx isotype control was
12-week-old female CD36KO or C57BL/6J wild-  used as a negative control and 1 ng/ml LPS was
type (WT) mice. MPMs were suspended in  used as a positive control. Data were obtained by
Dulbecco’s modified Eagle medium (DMEM) three or more independent experiments. The
(Sigma-Aldrich, St. Louis, MO, USA) supple- healthy donor was confirmed to have CD36 on
mented with 10% fetal calf serum (Invitrogen, both monocytes and platelets by analysis by flow
Carlsbad, CA, USA) containing penicillin and  cytometry before the experiments were performed
streptomycin and their concentration adjusted to  (data not shown).
1 x 10%cells/ml. MPMs were then treated with
aPL (300 pg/ml Pt-aCL, 300 pg/ml Pt-aPS/PT or  RNA extraction and quantitative TagMan
10 pug/ml 231D) and incubated for four hours at  real-time PCR
e} 0 1
37°C 5% CO,. Pt-aPS/PT and 231D were used in Total RNA was isolated from MPM or human
the presence of 2.5mM CaCl, and 10 pg/ml human PBMC usi LB s :

. ; . 3 using RNeasy Mini Kit® (Qiagen, Valencia,
prothrombin (Diagnostica Stago).” Equal concen- CA. USA) d tr bed with S
trations of Healthy-IgG or mouse IgGlk isotype S 2 ™ Fi an S revzrsg:- 131?80.“ Se Wi f lg),?‘r
control (Becton Drive) was used as a negative con- Pcrlpt _rirst-strand Synthesis System for )

. . CR (Invitrogen). Quantitative analysis of TF or
trol and 600 ng/ml LPS (Sigma-Aldrich) was used 1.6 ; f ib i
as a positive control. Data were obtained by five or 70 8CNC expression was periormead by rea®-tzme
more independent experiments. PCR using 7500 Fast Regl-Tlme PCR System and
gene-specific TagMan Minor Groove Binder probes
Human peripheral blood mononuclear cell (PBMC) (Mm00438855ml, HSOIO76O32H}I’ Mm004461
stimulation assay 90m1 and Hs00174131ml; Apphed onsystems).
The level of the TF or IL-6 transcript was normalized
Venous blood was collected in heparin from a  to that of the glyceraldehyde-3-phosphate dehydro-
healthy donor. Human PBMC were isolated  genase. Relative quantification was performed using
on Ficoll-Paque plus® gradient centrifugation  the comparable cycle threshold method.
(Amersham Biosciences, Piscataway, NJ, USA).
Human PBMCs were suspended in DMEM supple- ) . :
mented with 10% fetal calf serum containing peni- Monocyte TF antigen expression by flow cytometry
cillin and streptomycin and their concentration  Surface TF expression on human monocytes, trea-
adjusted to 1 x 10° cellsyml. Human PBMC were ted with aPL as described above, was
then treated with aPL (200 pg/ml Pt-aCL, 200 ug/  evaluated by flow cytometry with a direct double-
ml Pt-aPS/PT or 2 pg/ml 231D) in the presence or  color immunofluorescence technique. Resuspended
absence of 1 pg/ml aCD36 and incubated for four  human PBMC were incubated with phycoerythrin-
hours at 37°C 5% CO,. Pt-aPS/PT and 231D were  conjugated mouse monoclonal anti-human CD14
used in the presence of 2.5mM CaCl, and 10 pg/ml  (Beckman Coulter, Brea, CA, USA) and with fluor-
human prothrombin. Equal concentrations of  escein-conjugated mouse monoclonal anti-human
Lupus
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Group Minor allele frequency P value OR (95% C1)
rs3765187 (C478T Pro90Ser) (TT+TC vs CC)

Healthy subjects (n = 422) 10.2% (43/422) - -

APS (n=132) 3.8% (5/132) 0.032 0.35(0.13 to 0.90)
SLE/non-APS (n=265) 7.9% (21/265) 0.32 0.76 (0.44 to 1.31)
rs1049654 (on 5UTR) (Cvs A)

Healthy subjects (n==416) 26.7% (222/832) - -

APS (n=123) 26.8% (66/246) 0.96 1.01 (0.73 to 1.39)
SLE/non-APS (n=261) 28.7% (150/522) 0.41 1.11 (0.87 to 1.41)

P value and OR (95% CI) for cach group were obtained by comparison with healthy subjects. OR (95% CI): odds ratio (95% confidence interval);
UTR: untranslated region; APS: antiphospholipid syndrome; SLE: systemic lupus crythematosus.

TF (Lifespan Biosciences, Seattle, WA, USA) for
30 minutes at 4°C. Cells were resuspended and fixed
in 2% paraformaldehyde (Sigma-Aldrich). Analysis
by flow cytometry was performed on an acoustic
focusing cytometer (Attune; Applied Biosystems).
Gating was accomplished using size, complexity
and phycoerythrin gates to define the monocyte
population of PBMC.

Statistical analysis

Statistical evaluation was performed by chi square
test, Fisher’s exact test or Student’s ¢ test, as appro-
priate. P values less than 0.05 were considered
significant.

Results

Allele frequencies of CD36 gene polymorphisms

Allele frequencies of the two CD36 gene polymorph-
isms were compared among three groups: healthy
subjects, APS and SLE in the absence of APS.
Minor allele carrier of 1s3765187 (C478T
Pro90Ser), a missense mutation linked to human
CD36 deficiency, was significantly less frequent in
APS (3.8%) compared to healthy subjects (10.2%).
In contrast, rs3765187 minor allele carrier was
as frequent in SLE in the absence of APS as it was
in healthy subjects. There was no significant differ-
ence in allele frequency of rs1049654, a mutation
on the 5 wuntranslated region, among those
groups (Table 3).

Expressions of TF and IL-6 on MPM induced
by aPL

Expressions of TF and IL-6 were analyzed on
MPM from WT or CD36KO mice cultured with
each aPL and its antigen. All three aPL used in

this experiment, Pt-aCL, Pt-aPS/PT and 231D,
induced TF mRNA expression in MPM up to 10-
fold. The aPL-induced TF mRNA expression was
significantly reduced in MPM from CD36K O mice
compared to MPM from WT mice (Figure 1(a)).
Those three aPL induced I1L-6 mRNA expression
in MPM up to 60-fold. The aPL-induced IL-6
mRNA expression was significantly reduced in
MPM from CD36KO mice compared to MPM
from WT mice (Figure 1(b)).

TF: tissue factor; IL-6: interleukin 6; aPS/PT:
phosphatidylserine-dependent antiprothrombin
antibodies; IgG: immunoglobulin G; MPM:
mouse peritoneal macrophage; WT: wild-type;
aPL: antiphospholipid antibodies; Pt-aCL: purified
total 1gG from aCL-positive APS patient; Pt-aPS/
PT: purified total IgG from aPS/PT-positive APS
patient; LPS: lipopolysaccharide.

Expressions of TF and IL-6 on human PBMC
induced by aPL

Expressions of TF and IL-6 were analyzed on
human PBMC from a healthy donor cultured
with each aPL and its antigen. All three aPL used
in this experiment, Pt-aCL, Pt-aPS/PT and 231D,
induced TF mRNA expression in human PBMC
from a healthy donor up to 16-fold. The aCD36
significantly reduced aPL-induced TF mRNA
expression in human PBMC. In contrast, equal
concentration of mouse IgGlk isotype control did
not reduce it (Figure 2(a)). Those three aPL
induced 1L-6 mRNA expression in human PBMC
from a healthy donor up to 40-fold. The aCD36
significantly reduced aPL-induced IL-6 mRNA
expression in human PBMC. In contrast, equal
concentration of the mouse IgGlxk isotype control
did not reduce it (Figure 2(b)). We next performed
analysis by flow cytometry to confirm the
TF expression on monocytes. Those three aPL
also induced surface TF expression on human
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Figure 1 Evaluation of TF (a) and IL-6 (b) mRNA levels induced by aPL in mouse peritoneal macrophages. Expressions of TF
and IL-6 mRNA were analyzed in MPM from WT or CD36KO mice cultured with each aPL and its antigen. Healthy-IgG
represent the mean of five healthy donors. The mRNA levels induced by Pt-aCL or Pt-aPS/PT are individually indicated for
each patient. Values were normalized to expression of the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase and
expressed as fold increase in the Y axis. Error bars show standard errors of the mean obtained by five or more experiments. *:
p <0.05 and **: p <0.01. P values were obtained by comparison between WT and CD36KO using Student’s ¢ test.

TF: tissue factor; IL-6: interleukin 6; aPS/PT: phosphatidylserine-dependent antiprothrombin antibodies; IgG: immunoglobulin G;
MPM: mouse peritoneal macrophage; WT: wild-type; aPL: antiphospholipid antibodies; Pt-aCL: purified total IgG from aCL-
positive APS patient; Pt-aPS/PT: purified total IgG from aPS/PT-positive APS patient; LPS: lipopolysaccharide.

CDl14-positive cells from a healthy donor. The
aCD36 reduced aPL-induced surface TF expression
on human CDI14-positive cells. In contrast, equal
concentration of the mouse IgGlk isotype control
did not reduce it (Figure 3).

Lupus

aCD36: anti-CD36 antibody; TF: tissue factor;
IL-6: interleukin 6; IgG: immunoglobulin G; aPS/
PT: phosphatidylserine-dependent antiprothrom-
bin antibodies; PBMC: human peripheral
blood mononuclear cells; Pt-aCL: purified
total IgG from aCL-positive APS patient; Pt-aPS/
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Figure 2 Evaluation of TF (a) and IL-6 (b) mRNA levels induced by aPL in human PBMC. Expressions of TF and IL-6 mRNA
were analyzed in human PBMC from a healthy donor cultured with each aPL and its antigen. Healthy-1gG represent the mean of
three healthy donors. Pt-aCL and Pt-aPS/PT were both from a patient with primary APS (Pt-aCL5 and Pt-aPS/PT! shown in
Table 2), which induced the highest TF expression in the response of mouse peritoneal macrophages. Values were normalized to
expression of the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase and expressed as fold increase in the Y axis. Error
bars show standard errors of the mean obtained by three or more experiments. *: p <0.05 and **: p <0.01. P values were obtained
by comparison between No blocking and aCD36 using Student’s ¢ test.
aCD36: anti-CD36 antibody; TF: tissue factor; IL-6: interleukin 6; 1gG: immunoglobulin G; aPS/PT: phosphatidylserine-depen-
dent antiprothrombin antibodies; PBMC: human peripheral blood mononuclear cells; Pt-aCL: purified total IgG from aCL-
positive APS patient; Pt-aPS/PT: purified total IgG from aPS/PT-positive APS patient; aPL: antiphospholipid antibodies; APS:
antiphospholipid syndrome; LPS: lipopolysaccharide.
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Figure 3 Evaluation of TF protein level induced by aPL on human monocytes. Expression of TF protein was analyzed on human
monocytes from a healthy donor cultured with each aPL and its antigen. Histogram plots show the TF expression on CD14-
positive cells. Upper, middle and lower column show the comparison of stimulator only (green line) with no stimulator, blocking
with aCD36 and blocking with control IgG (purple line), respectively. Pt-aCL and Pt-aPS/PT were both from a patient with
primary APS (Pt-aCL5 and Pt-aPS/PT1 shown in Table 2), which induced the highest TF expression in the response of mouse
peritoneal macrophages.
aCD36: anti-CD36 antibody; MFI: mean fluorescence intensity; TF: tissue factor; IgG: immunoglobulin G; aPL: antiphospholipid
antibodies; Pt-aCL: purified total 1gG from aCL-positive APS patient; Pt-aPS/PT: purified total IgG from aPS/PT-positive APS
patient; APS: antiphospholipid syndrome; LPS: lipopolysaccharide.
PT: purified total IgG from aPS/PT- frequent in patients with APS and that the deficient
positive APS patient; aPL: antiphospholipid anti-  or suppressed CD36 function significantly reduced
bodies; APS: antiphospholipid syndrome; LPS:  aPL-induced TF/IL-6 expressions in vitro. CD36
lipopolysaccharide. may be involved in the thrombotic pathophysi-
aCD36: anti-CD36 antibody; MFI: mean fluor-  ology in patients with APS. A few patients with
escence intensity; TF: tissue factor; IgG: immuno-  APS, however, had the gene mutation linked to
globulin G; aPL: antiphospholipid antibodies;  human CD36 deficiency and knocking out CD36
Pt-aCL: purified total IgG from aCL-positive  did not lead to complete diminuendo of aPL-
APS patient; Pt—aPS/PT:. purified total’ IgG from induced TF expression. Taken together, CD36
aPS/PT-positive APS patient; APS: antiphospholi-  may be one of the cell surface receptors involved
pid syndrome; LPS: lipopolysaccharide. in the pathogenesis of APS.
CD?36 resides in lipid raft domains and interacts
with a variety of membrane receptors, such as
Discussion integrin «3B1, «6B1, tetraspanins and TLRs. The
latest was elegantly demonstrated on macrophage
In this study, we demonstrated that the gene muta-  in studies showing cooperation between CD36 and
tion linked to human CD36 deficiency was less ~TLR2 or TLR6 in the recognition and response to
Lupus
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Table 4 Clinical profiles of patients with APS who have minor allele of rs3765187 (C478T Pro90Ser)

Venous

No ntd78T Disease Age-Sex Arterial thrombosis thrombosis Pregnant morbidity LA aCL af2GPI aPS/PT
1 Homo PAPS 32-F - CRVO - - + - -
2 Hetero PAPS 42-F - — Miscarriage + - - +
3 Hetero APS-SLE 23-F Splenic infarct DVT - + + + +
4 Hetero APS-SLE 24-F — DVT - + — - -
5 Hetero APS-SLE 49-F Stroke DVT Miscarriage, eclampsia + + - +

APS: antiphospholipid syndrome; LA: lupus anticoagulant; F: female; aCL: anticardiolipin antibodics; af2GPIL: anti-B2 glycoprotein I antibodics;
aPS/PT: phosphatidylserine-dependent antiprothrombin antibodics; PAPS: primary antiphospholipid syndrome; CRVO: central retinal vein occlu-

sion; DVT: deep vein thrombosis.

bacteria cell wall components, such as
Staphylococcus-derived lipoteichoic acid and diacy-
lated lipoproteins.>'**? Several CD36 functions,
including microglial phagocytosis and platelet
response, require integrin o3Bl, w«6Pl or
tetraspanins.*!-

The mechanism of the thrombotic tendency in
APS has been clarified at the molecular level by
many investigations. TF upregulation on pro-
coagulant cells is considered to be the most import-
ant procedure in the pathogenesis of APS.
Elevation of plasma TF level and upregulation of
TF expression on monocytes, which was accompa-
nied by an increase in TF pathway inhibitor, were
found in patients with APS.** Elevated plasma
level of soluble fibrin and that of D-dimer, which
reflects thrombin generation and fibrin turnover,
were also found, presumably related to the
“chronic” TF upregulation and activation of
extrinsic coagulation pathway.? In in vitro studies,
monocytes and endothelial cells treated with aPL
demonstrated upregulation of TF and adhesion
molecules.® NF-kB and p38MAPK were shown
to participate in the procoagulant cell activation
as intracellular signaling pathways. We’ and
others® showed that p38 MAPK protein was phos-
phorylated with NF-xB activation by aCL/B2GPI
treatment and that SB203580, a specific p3§ MAPK
inhibitor, decreased the aCL/B2GPI-induced TF
mRNA expression.

A number of candidates for the cell surface
receptor involved in this ‘gathogenesis have been
reported.® ™ Sorice et al.** showed the lipid raft
recruitment of B2GPI and TLR-4 in human mono-
cytes when interacting with aCL/B2GPI, suggesting
that the procoagulant cell activation by aPL may
involve the recruitment of cell surface receptors on
lipid rafts. Given that CD36 resides in lipid raft
domains and interacts with a variety of membrane
receptors, our data support those findings and sug-
gest that CD36 interacts with other B2GPl/

prothrombin receptors involved in the pathogenesis
of APS.

In clinical practice, treatment of APS has
focused on utilizing antithrombotic medications
such as warfarin, heparin or aspirin. Despite long-
term antithrombotic medications, thrombosis can
recur in patients with APS and antithrombotic
medications can be associated with bleeding.*
Given that thrombotic events occur only occasion-
ally in patients with APS, aPL increase the throm-
bophilic threshold as the ““first hit,” and then
clotting takes place only when a “‘second hit”
exists, such as an infection or a surgical proced-
ure.*S Current antithrombotic medications in APS
are directed to modulate the final event or “‘second
hit.” However, treatments that modulate the “‘first
hit” would be more beneficial and potentially less
harmful than current antithrombotic medications.

Our results suggest that inhibition or reduction
of CD36 can be one of the options for the prophy-
laxis against thrombosis in patients with APS.
Treatment targeting CD36 might be safe because
heredity CD36 deficiency is not associated with ser-
ious clinical manifestations including bleeding dis-
orders, suggesting that CD36 is a strong potential
target of the treatment of patients with APS. CD36
expression is regulated by multiple agents on mono-
cytes. It can be upregulated by adhesion, macro-
phage-colony stimulating factor, granulocyte/
macrophage-colony stimulating factor, native and
modified LDL, cellular cholesterol, 1L.-4 and high
glucose conditions, while downregulated by
corticosteroids, transforming growth factor-$1,
high-density lipoprotein and LPS.*’ Statin and
cilostazol, medical agents having some pleiotropic
effects, were reported to downregulate CD36
expression on monocytes.*®*’ These agents might
have implications for treatment of APS.

Given that CD36 deficiency may be protective
for developing APS, we suspected some specific
clinical features in patients with APS who have
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the minor allele rs3765187. In our study, one
patient with APS who carried the homozygous
minor allele of rs3765187 exhibited central retinal
vein occlusion as a sole APS manifestation and had
aCL as a sole aPL; on the other hand, four hetero-
zygous carriers exhibited typical APS manifest-
ations and serological abnormalities (Table 4).
Further studies will better delineate the correlation
between minor allele of rs3765187 and severity of
APS manifestations.

In conclusion, both genetically and biologically,
our results suggest that in a susceptible background
CD36 scavenger receptor function may be involved
in the thrombotic pathophysiology in patients
with APS.
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