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Introduction

Antiphospholipid syndrome (APS) is an autoimmune disorder in which vascular
thrombosis or pregnant morbidity occurs in patients having persistent laboratory evidence
of antiphospholipid antibodies (aPL). It correlates with a poor prognosis or impaired

activity of daily living for a high relapse rate of thrombosis *.

Pathogenic aPL contains 2 glycoprotein I-dependent anticardiolipin antibodies
(aCL/B2GPI) and phosphatidylserine-dependent antiprothrombin antibodies (aPS/PT) °.
Both antibodies recognize epitopes on the phospholipid-binding proteins (32GPI or
prothrombin) interacting with negatively charged phospholipids, such as cardiolipin and
phosphatidylserine. It is commonly believed that these epitopes express only when the
phospholipid-binding proteins bind with anionic phospholipids *. In 1990s, the function of
phospholipid-binding protein was extensively studied based on the hypothesis that the
interaction of aPL to their antigens impairs their anti- or pro-coagulant activities. However,
the activation of procoagulant cells (monocyte, endothelial cell and platelet) through the
binding of phospholipid-binding protein and aPL has been focused to be investigated

during the last decade *.

Tissue factor (TF) upregulation has been advocated as one of the most important
mechanisms in the pathogenesis of APS. Monocytes and endothelial cells treated with aPL

demonstrate upregulation of TF expression and function, which is accompanied by an



increase in interleukin (IL)-6 or other proinflammatory substances > °. Enhanced TF
expression has been observed in healthy monocytes incubated with polyclonal or
monoclonal aPLs °. The activation of nuclear factor-kB (NF-xB) and p38 mitogen-
activated protein kinase (MAPK) has been recognized to participate in this process as
intracellular signaling pathways " 8. However, the cell surface receptor to participate in this
process is still controversial, and a number of candidates 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 glycoprotein ligand-1 and integrin a5p1 **°.

CD36, known as a member of class B scavenger receptors, is an 88-kDa transmembrane
glycoprotein expressed on monocytes, macrophages, platelets and capillary endothelial
cells, residing in lipid raft domains > *®. CD36 recognizes multiple ligands, including
anionic phospholipids, oxidized LDL, long-chain fatty acid, collagen, thrombospondin-1
and malaria-infected erythrocytes and plays a role as a mediator of multiple functions
including inflammation, atherogenesis and thrombosis through the activation of p38 and
IJNK MAPK and NF-«kB **°. Human CD36 deficiency was first described in 1989 in
subjects refractory to HLA-matched platelet transfusions 2° and is found in 4 to 10 % of
Asian or African populations #. It is divided into 2 subgroups; in type | deficiency,
neither monocyte nor platelet expresses CD36, while in type 11 deficiency monocyte CD36
is expressed in the absence of platelet CD36 2*. There are three major polymorphisms on

the exons of CD36 gene, a missense mutation linked to human CD36 deficiency in



Japanese population (rs3765187, C478T, Pro90Ser) %, a nonsense mutation linked to
human CD36 deficiency in African population (rs3211938, T1264G) %, and a mutation on
5’ untranslated region (rs1049654) whose clinical significance is unknown. Some clinical
phenotypes of CD36 deficiency have been reported including hypertrophic cardiomyopathy,
hypertension and dyslipidemia 2°?%. The phenotypes of CD36 knock out (KO) mice have
been reported to be protective to atherosclerosis, thrombosis and inflammation, but

susceptible to infection * 23!,

Considering the distribution, ligands and function of CD36, we hypothesized that CD36 is
involved in the pathogenesis of APS as one of the surface receptors on procoagulant cells,

thus performed a genetic and molecular-biologic investigation.



Material and Methods

Patients

A total of 819 Japanese subjects, including 132 patients with APS, 265 with systemic lupus
erythematosus (SLE) in the absence of APS and 422 healthy subjects, were enrolled. All
the patients fulfilled 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 consent was obtained from each study subject before

enrollment.

Determination of aPL

Two clotting tests, activated partial thromboplastin time and dilute Russell's viper venom
time, were performed for lupus anticoagulant determination 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 **. 1gG and IgM aCL were measured according to a standard aCL ELISA,
as described elsewhere *. IgG and IgM aB2GPI * and aPS/PT *" were determined by
ELISA method as previously reported. Expanded methods are available in the online data

supplement.



Genotyping

CD36 gene polymorphisms were investigated in this population using TagMan polymerase
chain reaction genotyping method on 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.

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) *. 231D, a
mouse monoclonal aPS/PT with lupus anticoagulant activity, was prepared as described
previously %, Purified total 1gG from APS patients either aCL or aPS/PT positive (Pt-aCL
and Pt-aPS/PT, respectively) or healthy donors (Healthy-1gG) were prepared using
Melon™ Gel 1gG Purification Kit (Takara Bio, Ohtsu, Japan). Purity of IgG was checked
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Pt-aCL and Pt-aPS/PT were
confirmed to have aPL titers by enzyme-linked immunosorbent assay as described above.
Clinical profiles of the patients whose 1gG was purified are shown in Table 2. All
antibodies were confirmed not to be contaminated with lipopolysaccharide (LPS) using

Limulus ES-11 Single Test® (Wako, Osaka, Japan).



Mouse peritoneal macrophage stimulation assay

At 3 days after intraperitoneal injection of 2 ml 10% proteose peptone (Becton Drive,
Franklin Lakes, NJ, USA), mouse peritoneal macrophages (MPM) were harvested from 8
to 12-week-old female CD36KO or C57BL/6J wild type (WT) mice. MPMs were
suspended in Dulbecco's modified Eagle medium (DMEM) (Sigma-Aldrich, St. Louis, MO,
USA) supplemented with 10% fetal calf serum (Invitrogen, Carlsbad, CA, USA) containing
penicillin and streptomycin and adjusted their concentration to 1x10° cells/ml. MPMs were
then treated with aPL (300 pg/ml Pt-aCL, 300 pug/ml Pt-aPS/PT or 10 pug/ml 231D) and
incubated 4 hours at 37°C 5% CO,. Pt-aPS/PT and 231D were used in the presence of 2.5
mM CaCl, and 10 pug/ml human prothrombin (Diagnostica Stago) *. Equal concentrations
of Healthy-1gG or mouse 1gG1k isotype control (Becton Drive) was used as a negative
control and 600 ng/ml lipopolysaccharide (LPS) (Sigma-Aldrich) was used as a positive

control. Data were obtained by five or more independent experiments.

Human peripheral blood mononuclear cell stimulation assay

Venous blood was collected in heparin from a healthy donor. Human peripheral blood
mononuclear cells (PBMC) were isolated on Ficoll-Paque plus® gradient centrifugation
(Amersham Biosciences, Piscataway, NJ, USA). Human PBMCs were suspended in
DMEM supplemented with 10% fetal calf serum containing penicillin and streptomycin
and adjusted their concentration to 1x10° cells/ml. Human PBMCs were then treated with

aPL (200 pg/ml Pt-aCL, 200 pg/ml Pt-aPS/PT or 2 pg/ml 231D) in the presence or absence

of 1 ng/ml aCD36 and incubated 4 hours at 37°C 5% CO,. Pt-aPS/PT and 231D were used



in the presence of 2.5 mM CaCl, and 10 ug/ml human prothrombin. Equal concentrations
of Healthy-1gG or mouse 1gG1xk isotype control was used as a negative control and 1 ng/ml
LPS was used as a positive control. Data were obtained by three or more independent
experiments. The healthy donor was confirmed to have CD36 on both monocytes and

platelets by analysis by flow cytometry before experiments (data not shown).

RNA extraction and quantitative TagMan real-time PCR

Total RNA was isolated from MPM or human PBMC using RNeasy Mini Kit® (Qiagen,
Valencia, CA, USA) and reverse-transcribed with Super Script™ First-Strand Synthesis
System for RT-PCR (Invitrogen). Quantitative analysis of TF or IL-6 gene expression was
performed by real-time PCR using 7500 Fast Real-Time PCR System® and gene-specific
TagMan Minor Groove Binder probes (Mm00438855m1, Hs01076032m1,
MmO00446190m1 and Hs00174131m1; Applied Biosystems). The level of the TF or IL-6
transcript was normalized to that of the glyceraldehyde-3-phosphate dehydrogenase.

Relative quantification was done using the comparable cycle threshold method.

Monocyte TF antigen expression by flow cytometry

Surface TF expression on human monocytes, treated with aPL as described above, was
evaluated by flow cytometry with a direct double-colour immunofluorescence technique.
Resuspended human PBMCs were incubated with phycoerythrin-conjugated mouse
monoclonal anti-human CD14 (Beckman Coulter, Brea, CA, USA) and with fluorescein-

conjugated mouse monoclonal anti-human TF (Lifespan Biosciences, Seattle, WA, USA)



for 30 min 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 t-

test, as appropriate. P values less than 0.05 were considered significant.



Results

Allele frequencies of CD36 gene polymorphisms

Allele frequencies of the two CD36 gene polymorphisms were compared among three
groups, healthy subjects, APS and SLE in the absence of APS. Minor allele carrier of
rs3765187 (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 difference in allele frequency of rs1049654, a

mutation on 5’ untranslated region, among those groups (Table 3).

Expressions of TF and IL-6 on mouse peritoneal macrophages induced by antiphospholipid
antibodies

Expressions of TF and IL-6 were analyzed on MPM from WT or CD36KO mice cultured
with each aPL and its antigen. All three aPLs 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 not completely but significantly reduced in MPM from CD36KO
mice compared to MPM from WT mice (Figure 1A). Those three aPLs induced IL-6
MRNA expression in MPM up to 60-fold. The aPL-induced IL-6 mMRNA expression was
not completely but significantly reduced in MPM from CD36KO mice compared to MPM

from WT mice (Figure 1B).



Expressions of TF and IL-6 on human peripheral blood mononuclear cells induced by
antiphospholipid antibodies

Expressions of TF and IL-6 were analyzed on human PBMC from a healthy donor cultured
with each aPL and its antigen. All three aPLs 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 1gG1k isotype control did not reduce it
(Figure 2A). Those three aPLs induced IL-6 mRNA expression in human PBMC from a
healthy donor up to 40-fold. The aCD36 significantly reduced aPL-induced IL-6 mMRNA
expression in human PBMC. In contrast, equal concentration of mouse 1gG1lk isotype
control did not reduce it (Figure 2B). We next performed analysis by flow cytometry to
confirm the TF expression on monocytes. Those three aPLs also induced surface TF
expression on human CD14-positive cells from a healthy donor. The aCD36 reduced aPL-
induced surface TF expression on human CD14-positive cells. In contrast, equal

concentration of mouse IgG1lk isotype control did not reduce it (Figure 3).
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Discussion

In this study, we demonstrated that the gene mutation linked to human CD36 deficiency
was less frequent in patients with APS and that the deficient or suppressed CD36 function
significantly reduced aPL-induced TF/IL-6 expressions in vitro. CD36 may be involved in
the thrombotic pathophysiology in patients with APS. A few patients with APS, however,
had the gene mutation linked to human CD36 deficiency and knockouting CD36 did not
lead to complete diminuendo of aPL-induced-TF-expression. Taken together, CD36 may be

one of the cell surface receptors involved in the pathogenesis of APS.

CD36 resides in lipid raft domains and interacts with a variety of membrane receptors, such
as integrin a.3p1, a6p1, tetraspanins and TLRs. The latest was elegantly demonstrated on
macrophage in studies showing cooperation between CD36 and TLR2 or TLR6 in the
recognition and response to bacteria cell wall components, such as Staphylococcus-derived
lipoteichoic acid and diacylated lipoproteins " *°. Several CD36 functions, including

microglial phagocytosis and platelet response, require integrin a3p1, a6p1 or tetraspanins

41, 42

The mechanism of the thrombotic tendency in APS has been clarified at the molecule level
by many researches. TF upregulation on procoagulant cells is considered to be the most
important procedure in the pathogenesis of APS. Elevation of plasma TF level and

upregulation of TF expression on monocytes, which was accompanied by an increase in
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tissue factor 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 3. In in vitro studies, monocytes and endothelial
cells treated with aPLs 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
phosphorylated with NF-kB activation by aCL/B2GPI treatment and that SB203580, a

specific p38 MAPK inhibitor, decreased the aCL/B2GPI-induced TF mRNA expression.

A number of candidates for the cell surface receptor involved in this pathogenesis have
been reported %°. Sorice, et al. ** showed the lipid raft recruitment of B2GPI and TLR-4 in
human monocytes 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 suggest that CD36 interacts with other

B2GPI/prothrombin receptors involved in the pathogenesis of APS.

In clinical practice, treatment of APS has been focused on utilizing anti-thrombotic
medications such as warfarin, heparin or aspirin. Despite long-term anti-thrombotic
mediations, thrombosis can recur in patients with APS and anti-thrombotic mediations can

be associated with bleeding “°. Given that thrombotic events occur only occasionally in

12



patients with APS, aPL increase the thrombophilic threshold as the “first hit’, and then
clotting takes place only when a ‘second hit’ exists, such as an infection or a surgical
procedure “°. Current anti-thrombotic medications in APS are directed to modulate the final
event or ‘second hit’. However, treatments that modulate “first hit” would be more

beneficial and potentially less harmful than current anti-thrombotic medications.

Our results suggest that inhibition or reduction of CD36 can be one of the options for the
prophylaxis against thrombosis in patients with APS. Treatment targeting CD36 might be
safe because heredity CD36 deficiency does not associate with serious clinical
manifestations including bleeding disorders, suggesting that CD36 is a strongly potential
target of the treatment of patients with APS. CD36 expression is regulated by multiple
agents on monocytes. It can be upregulated by adhesion, macrophage-colony stimulating
factor, granulocyte/macrophage-colony stimulating factor, native and modified LDL,
cellular cholesterol, IL-4 and high glucose conditions, while downregulated by
corticosteroids, transforming growth factor -B1, 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 minor allele of rs3765187. In our

study, one patient with APS who carried homozygous minor allele of rs3765187 exhibited
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central retinal vein occlusion as a sole APS manifestation and had aCL as a sole aPL, on the
other hand, four heterozygous carriers exhibited typical APS manifestations and serological
abnormalities (Supplementary table). 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.

14



Acknowledgements

The authors thank Dr. Yamashita, Department of Cardiovascular Medicine, Osaka

University Graduate School of Medicine Japan for CD36KO mice donation and Miki Aoto

for their technical support in the performance of some laboratory tests. This work was

supported by the Japanese Ministry of Health, Labour and Welfare, and the Japanese

Ministry of Education, Culture, Sports, Science and Technology (MEXT).

Funding

Olga Amengual is funded by MEXT and the Japanese Society for the Promotion of the

Science (project number 21-40106).

Conflict of interest

The authors have no conflicts of interest to declare.

15



References

1. Atsumi T, Amengual O, Koike T. Antiphospholipid Syndrome: Pathogenesis.
Systemic Lupus Erythematosus, Fifth Edition, Academic Press. 2010: 945-66.

2. Matsuura E, lgarashi Y, Fujimoto M, Ichikawa K, Koike T. Anticardiolipin
cofactor(s) and differential diagnosis of autoimmune disease. Lancet. 1990; 336:
177-8.

3. Sakai Y, Atsumi T, leko M, et al. The effects of phosphatidylserine-dependent
antiprothrombin antibody on thrombin generation. Arthritis Rheum. 2009; 60: 2457-
67.

4. Matsuura E, Igarashi Y, Yasuda T, Triplett DA, Koike T. Anticardiolipin antibodies
recognize beta 2-glycoprotein I structure altered by interacting with an oxygen
modified solid phase surface. J Exp Med. 1994; 179: 457-62.

5. Kornberg A, Blank M, Kaufman S, Shoenfeld Y. Induction of tissue factor-like
activity in monocytes by anti-cardiolipin antibodies. J Immunol. 1994; 153: 1328-32.

6. Amengual O, Atsumi T, Khamashta MA, Hughes GR. The role of the tissue factor
pathway in the hypercoagulable state in patients with the antiphospholipid
syndrome. Thromb Haemost. 1998; 79: 276-81.

7. Bohgaki M, Atsumi T, Yamashita Y, et al. The p38 mitogen-activated protein

kinase (MAPK) pathway mediates induction of the tissue factor gene in monocytes

16



10.

11.

12.

13.

stimulated with human monoclonal anti-beta2Glycoprotein | antibodies. Int
Immunol. 2004; 16: 1633-41.

Vega-Ostertag M, Casper K, Swerlick R, Ferrara D, Harris EN, Pierangeli SS.
Involvement of p38 MAPK in the up-regulation of tissue factor on endothelial cells
by antiphospholipid antibodies. Arthritis Rheum. 2005; 52: 1545-54.

Lutters BC, Derksen RH, Tekelenburg WL, Lenting PJ, Arnout J, de Groot PG.
Dimers of beta 2-glycoprotein | increase platelet deposition to collagen via
interaction with phospholipids and the apolipoprotein E receptor 2'. J Biol Chem.
2003; 278: 33831-8.

Pennings MT, van Lummel M, Derksen RH, et al. Interaction of beta2-glycoprotein
I with members of the low density lipoprotein receptor family. J Thromb Haemost.
2006; 4: 1680-90.

Pierangeli SS, Vega-Ostertag ME, Raschi E, et al. Toll-like receptor and
antiphospholipid mediated thrombosis: in vivo studies. Ann Rheum Dis. 2007; 66:
1327-33.

Romay-Penabad Z, Montiel-Manzano MG, Shilagard T, et al. Annexin A2 is
involved in antiphospholipid antibody-mediated pathogenic effects in vitro and in
vivo. Blood. 2009; 114: 3074-83.

Satta N, Dunoyer-Geindre S, Reber G, et al. The role of TLR2 in the inflammatory
activation of mouse fibroblasts by human antiphospholipid antibodies. Blood. 2007;

109: 1507-14.

17



14.

15.

16.

17.

18.

19.

20.

21.

Urbanus RT, Pennings MT, Derksen RH, de Groot PG. Platelet activation by
dimeric beta2-glycoprotein | requires signaling via both glycoprotein Ibalpha and
apolipoprotein E receptor 2'. J Thromb Haemost. 2008; 6: 1405-12.

Bohgaki M, Matsumoto M, Atsumi T, et al. Plasma gelsolin facilitates interaction
between beta(2) glycoprotein | and alphaSbetal integrin. J Cell Mol Med. 2009.
Allen KL, Fonseca FV, Betapudi V, Willard B, Zhang J, McCrae KR. A novel
pathway for human endothelial cell activation by antiphospholipid/anti-beta2
glycoprotein I antibodies. Blood. 2012; 119: 884-93.

Febbraio M, Hajjar DP, Silverstein RL. CD36: a class B scavenger receptor
involved in angiogenesis, atherosclerosis, inflammation, and lipid metabolism. J
Clin Invest. 2001; 108: 785-91.

Podrez EA, Byzova TV, Febbraio M, et al. Platelet CD36 links hyperlipidemia,
oxidant stress and a prothrombotic phenotype. Nat Med. 2007; 13: 1086-95.
Febbraio M, Podrez EA, Smith JD, et al. Targeted disruption of the class B
scavenger receptor CD36 protects against atherosclerotic lesion development in
mice. J Clin Invest. 2000; 105: 1049-56.

Tomiyama Y, Take H, Ikeda H, et al. Identification of the platelet-specific
alloantigen, Naka, on platelet membrane glycoprotein IV. Blood. 1990; 75: 684-7.
Yanai H, Chiba H, Fujiwara H, et al. Phenotype-genotype correlation in CD36

deficiency types I and Il. Thromb Haemost. 2000; 84: 436-41.

18



22.

23.

24.

25.

26.

217.

28.

29.

Simsek S, Faber NM, Bleeker PM, et al. Determination of human platelet antigen
frequencies in the Dutch population by immunophenotyping and DNA (allele-
specific restriction enzyme) analysis. Blood. 1993; 81: 835-40.

Curtis BR, Aster RH. Incidence of the Nak(a)-negative platelet phenotype in
African Americans is similar to that of Asians. Transfusion. 1996; 36: 331-4.
Yamamoto N, Akamatsu N, Sakuraba H, Yamazaki H, Tanoue K. Platelet
glycoprotein IV (CD36) deficiency is associated with the absence (type I) or the
presence (type Il) of glycoprotein IV on monocytes. Blood. 1994; 83: 392-7.
Aitman TJ, Cooper LD, Norsworthy PJ, et al. Malaria susceptibility and CD36
mutation. Nature. 2000; 405: 1015-6.

Okamoto F, Tanaka T, Sohmiya K, Kawamura K. CD36 abnormality and impaired
myocardial long-chain fatty acid uptake in patients with hypertrophic
cardiomyopathy. Jpn Circ J. 1998; 62: 499-504.

Pravenec M, Churchill PC, Churchill MC, et al. Identification of renal Cd36 as a
determinant of blood pressure and risk for hypertension. Nat Genet. 2008; 40: 952-4.
Masuda D, Hirano K, Oku H, et al. Chylomicron remnants are increased in the
postprandial state in CD36 deficiency. J Lipid Res. 2009; 50: 999-1011.

Ghosh A, Li W, Febbraio M, et al. Platelet CD36 mediates interactions with
endothelial cell-derived microparticles and contributes to thrombosis in mice. J Clin

Invest. 2008; 118: 1934-43.

19



30.

31.

32.

33.

34.

35.

36.

Cho S, Park EM, Febbraio M, et al. The class B scavenger receptor CD36 mediates
free radical production and tissue injury in cerebral ischemia. J Neurosci. 2005; 25:
2504-12.

Hoebe K, Georgel P, Rutschmann S, et al. CD36 is a sensor of diacylglycerides.
Nature. 2005; 433: 523-7.

Miyakis S, Lockshin MD, Atsumi T, et al. International consensus statement on an
update of the classification criteria for definite antiphospholipid syndrome (APS). J
Thromb Haemost. 2006; 4: 295-306.

Hochberg MC. Updating the American College of Rheumatology revised criteria
for the classification of systemic lupus erythematosus. Arthritis Rheum. 1997; 40:
1725.

Brandt JT, Triplett DA, Alving B, Scharrer I. Criteria for the diagnosis of lupus
anticoagulants: an update. On behalf of the Subcommittee on Lupus
Anticoagulant/Antiphospholipid Antibody of the Scientific and Standardisation
Committee of the ISTH. Thromb Haemost. 1995; 74: 1185-90.

Harris EN, Gharavi AE, Patel SP, Hughes GR. Evaluation of the anti-cardiolipin
antibody test: report of an international workshop held 4 April 1986. Clin Exp
Immunol. 1987; 68: 215-22.

Amengual O, Atsumi T, Khamashta MA, Koike T, Hughes GR. Specificity of
ELISA for antibody to beta 2-glycoprotein | in patients with antiphospholipid

syndrome. Br J Rheumatol. 1996; 35: 1239-43.

20



37.

38.

39.

40.

41.

42,

43.

Atsumi T, leko M, Bertolaccini ML, et al. Association of autoantibodies against the
phosphatidylserine-prothrombin complex with manifestations of the
antiphospholipid syndrome and with the presence of lupus anticoagulant. Arthritis
Rheum. 2000; 43: 1982-93.

Moore KJ, El Khoury J, Medeiros LA, et al. A CD36-initiated signaling cascade
mediates inflammatory effects of beta-amyloid. J Biol Chem. 2002; 277: 47373-9.
Kopprasch S, Pietzsch J, Westendorf T, Kruse HJ, Grassler J. The pivotal role of
scavenger receptor CD36 and phagocyte-derived oxidants in oxidized low density
lipoprotein-induced adhesion to endothelial cells. Int J Biochem Cell Biol. 2004; 36:
460-71.

Triantafilou M, Gamper FG, Haston RM, et al. Membrane sorting of toll-like
receptor (TLR)-2/6 and TLR2/1 heterodimers at the cell surface determines
heterotypic associations with CD36 and intracellular targeting. J Biol Chem. 2006;
281: 31002-11.

Bamberger ME, Harris ME, McDonald DR, Husemann J, Landreth GE. A cell
surface receptor complex for fibrillar beta-amyloid mediates microglial activation. J
Neurosci. 2003; 23: 2665-74.

Miao WM, Vasile E, Lane WS, Lawler J. CD36 associates with CD9 and integrins
on human blood platelets. Blood. 2001; 97: 1689-96.

Atsumi T, Khamashta MA, Amengual O, Hughes GR. Up-regulated tissue factor

expression in antiphospholipid syndrome. Thromb Haemost. 1997; 77: 222-3.

21



44,

45.

46.

47.

48.

49,

Sorice M, Longo A, Capozzi A, et al. Anti-beta2-glycoprotein | antibodies induce
monocyte release of tumor necrosis factor alpha and tissue factor by signal
transduction pathways involving lipid rafts. Arthritis Rheum. 2007; 56: 2687-97.
Cervera R, Khamashta MA, Shoenfeld Y, et al. Morbidity and mortality in the
antiphospholipid syndrome during a 5-year period: a multicentre prospective study
of 1000 patients. Ann Rheum Dis. 2009; 68: 1428-32.

Fischetti F, Durigutto P, Pellis V, et al. Thrombus formation induced by antibodies
to beta2-glycoprotein | is complement dependent and requires a priming factor.
Blood. 2005; 106: 2340-6.

Silverstein RL, Febbraio M. CD36, a scavenger receptor involved in immunity,
metabolism, angiogenesis, and behavior. Sci Signal. 2009; 2: re3.

Han J, Zhou X, Yokoyama T, Hajjar DP, Gotto AM, Jr., Nicholson AC. Pitavastatin
downregulates expression of the macrophage type B scavenger receptor, CD36.
Circulation. 2004; 109: 790-6.

Yun MR, Park HM, Seo KW, Kim CE, Yoon JW, Kim CD. Cilostazol Attenuates
4-hydroxynonenal-enhanced CD36 Expression on Murine Macrophages via
Inhibition of NADPH Oxidase-derived Reactive Oxygen Species Production.

Korean J Physiol Pharmacol. 2009; 13: 99-106.

22



Table 1. Profiles of patients with antiphospholipid syndrome

Total number 132
Age (year) 42(15-74)
Female 111
Primary APS 61
Complicated SLE 71

Clinical manifestations (overlapping)

Arterial thrombosis 83
Venous thrombosis 43
Pregnant morbidity 38

Autoantibodies (overlapping)

LAC 107
aCL 73
ap2GPI 66
aPS/PT 92

LAC: lupus anticoagulant, aCL: anticardiolipin antibodies, aB2GPI: anti-2
glycoprotein I antibodies, aPS/PT: phosphatidylserine-dependent

antiprothrombin antibodies



Table 2. Clinical Profiles of patients whose 1gG was purified and used in our experiments

No Disease  Age-Sex Arterial Venous Pregnant
thrombosis thrombosis morbidity LAC aCL  ap2GPl aPS/PT
Pt-aCL1 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/PT1 PAPS 29-M stroke DVT - + - - +
Pt-aPS/PT2 APS-SLE 18-F - DVT - + - - +
Pt-aPS/PT3 APS-SLE 25-F stroke - miscarriage + - - +
Pt-aPS/PT4 APS-SLE 33-F - DVT miscarriage + - - +
Pt-aPS/PT5 APS-SLE 22-F stroke PE miscarriage + - - +
Pt-aPS/PT6 APS-SLE 30-M - DVT - + - - +
Pt-aPS/PT7 APS-SLE 45-F stroke DVT + - - +

LAC: lupus anticoagulant, aCL: anticardiolipin antibodies, aB2GPI: anti-B2 glycoprotein | antibodies, aPS/PT:
phosphatidylserine-dependent antiprothrombin antibodies, PAPS: primary antiphospholipid syndrome, DVT: deep



vein thrombosis, PE: pulmonary embolism.



Table 3. Allele frequencies of CD36 gene polymorphisms

Minor allele
rs3765187

carrier frequency P value
(C478T Pro90Ser)

(TT+TC vs CC)

OR (95%CI)

Healthy subjects
10.2% (43/422) -

0.35 (0.13 to 0.90)
0.76 (0.44 to 1.31)

(n =422)
APS (n = 132) 3.8% (5/132) 0.032
SLE/non-APS (n = 265) 7.9% (21/265) 0.32
Minor allele
rs1049654
frequency P value
(on 5°’UTR)
(Cvs A)

OR (95%CI)

Healthy subjects

(n = 416)

APS (n = 123) 26.8% (66/246)  0.96
SLE/non-APS (n = 261) 28.7% (150/522) 0.41

26.7% (222/832)

1.01 (0.73 to 1.39)
1.11 (0.87 to 1.41)

P value and OR (95% CI) for each group were obtained by comparison with
healthy subjects. OR (95%CI): odds ratio (95% confidence interval), UTR:

untranslated region.
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Figure 1. Evaluation of TF (A) and IL-6 (B) mRNA levels induced by antiphospholipid
antibodies 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 t-test.

Figure 2. Evaluation of TF (A) and IL-6 (B) mRNA levels induced by

antiphospholipid antibodies in human peripheral blood mononuclear cells.

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/PT1 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 t-test. aCD36: anti-CD36

antibody.



Figure 3. Evaluation of TF protein level induced by antiphospholipid antibodies 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 shows 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.



