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Abstract

OxLDL binding to CD36 is shown to result in macrophage activation and foam cell formation that
have been implicated in atherosclerosis. However, CD36 has also been shown to induce
inflammatory response to other ligands besides oxLDL. During the course of blocking CD36
oxLDL binding function using anti CD36 antibodies, we have identified a novel domain of CD36
that triggers inflammatory response-independent of oxLDL binding. OxLDL bound to the mouse
reporter cell line RAW-Blue induced TNF-a and RANTES mRNA and protein expression.
Pretreatment of RAW-Blue cells with an anti-mCD36 mAb, JC63.1, an activating mCD36 mAD,
surprisingly did not inhibit oxLDL-induced response. Further, binding of this antibody to CD36
alone induced a pro-inflammatory cytokine response in RAW-Blue cells as well as primary mouse
macrophages. The induction of cytokine response was specific only to this antibody and was
CD36-dependent, since CD36—/— macrophages failed to induce a similar response. The
interaction of the antibody to CD36 led to activation of NF-kB and MAP kinase. Notably, a CD36
peptide blocked oxLDL-induced foam cell formation and macrophage activation. However, the
activating mCD36 mADb induced macrophage activation was not inhibited by CD36 peptide.
Further, activating mCD36 mAb enhanced oxLDL- or TLR2- or TLR4-mediated inflammatory
responses. Collectively, our data provide evidence that activating mCD36 mAb binds to a domain
different from the oxLDL-binding domain on mouse CD36, and suggest that interaction at this
domain may contribute to oxLDL-independent macrophage inflammatory responses that lead to
chronic inflammatory diseases.

INTRODUCTION

CD36, one of the pattern recognition receptors, has been reported to bind with multiple
ligands including oxLDL [1-3], thrombospondin-1 [4], free fatty acids [5], advanced
glycation end products [6], p-amyloid [7,8], Plasmodium falciparum malaria-infected
erythrocytes [9,10], apoptotic cells [11,12], non-opsonized bacteria [13] and FSL-1, a TLR2
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ligand [14]. Due to its ability to bind to a broad range of ligands, CD36 has been shown to
play a significant role in a number of physiological and pathological processes in vivo
including atherogenesis, lipid sensing and metabolism, and innate immune response [15].

CD36 binding to oxidized-low density lipoprotein (oxLDL)3 has been shown to induce the
pro-inflammatory cytokine responses in macrophages [16]. Further studies using
macrophages from CD36—/— knockout mice have shown that oxLDL-induced foam cell
formation is mediated by NF-xB and MAP kinase activation [3]. Though CD36—/— or SR-A
—/— macrophages show reduced oxLDL-induced MAP kinase signaling and the formation of
lipid-laden macrophages, there was no complete loss of oxLDL-induced foam cell formation
and MAP kinase activation [3]. In vitro studies using CD36 knockout macrophages have
shown reduced generation of foam cells, an early event in atherosclerosis [17,18]. However,
in vivo studies using apolipoprotein E (apoE—/—) CD36—/— double knockout (apoE—/
—CD36—/— DKO) mice have provided conflicting data [17,19-21]. Studies from one group
showed apoE—/—CD36—/— DKO mice have attenuated atherosclerotic lesions [17,20], while
the other group showed that loss of CD36 results in reduction of complexity of
atherosclerotic lesions without reducing foam cell formation [19,21]. Though the reasons for
the discrepancies are not clear, the later study has suggested that CD36-dependent and
independent inflammatory response may be contributing to atherosclerosis [21,22].

Recent studies have suggested a broader role for CD36 in inflammatory cells besides oxLDL
binding, which could exacerbate chronic inflammatory diseases [22]. For example, -
amyloid-mediated inflammatory response is dependent on CD36 expression [8,23].
Moreover, apolipoprotein C-111, that forms amyloid fibrils, induces TNF-a response also in a
CD36 dependent manner [24]. CD36 has also been shown to play a pivotal role in bacterial
infection. Hoebe et al [25] have shown CD36°0!Vious mice (that has a non-sense mutation in
CD36) are more susceptible to staphylococcus aureus infection. Moreover, S. aureus-
induced cytokine responses are significantly reduced in CD36—/— knockout mice [26]. Very
recently, CD36-dependent inflammatory response, but not foam cell formation, has been
implicated in non-alcoholic steatohepatitis [27]. Collectively, these findings suggest that
oxLDL-independent CD36-mediated inflammatory response may be an important
contributing factor to chronic inflammatory diseases.

In this report the effect of oxLDL on macrophage inflammatory response was determined in
the presence of a blocking anti-mouse CD36 mAb, JC63.1 (referred as an activating mCD36
mADb) [28]. Surprisingly, the activating mCD36 mAb did not block oxLDL-induced
macrophage activation. In fact, the mere binding of activating mCD36 to CD36 on
macrophages induced pro-inflammatory cytokine response. This response was mediated via
activation of NF-xB and MAP kinase signaling pathways. We also present data showing the
binding of activating mCD36 mAb enhanced the cytokine response following co-operative
interaction with oxLDL or TLR2. Our data provide evidence that activating mCD36 mAb
binds to a domain different from the oxLDL-binding domain on mouse CD36. These
findings suggest that interaction at this unknown domain may contribute to oxLDL-
independent macrophage inflammatory responses that could contribute to chronic
inflammatory diseases.

3Abbreviations used in this paper: oxLDL, oxidized low-density lipoprotein; SR-A, scavenger receptor A-1/11; apoE, apolipoprotein E;
SEAP, secreted embryonic alkaline phosphatase; nLDL, native LDL.
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MATERIALS AND METHODS

Antibodies and chemicals

Cell Culture

Animals

Details of anti-CD36 mAb and isotype control used in this study is presented in Table 1.
Antibodies to phosphorylated forms of Erk1/2, SAPK/INK, IxB, and their native forms;
U0126, a MEK1/2 inhibitor (blocks Erk1/2 activation); and RIPA buffer were obtained from
Cell Signaling (Beverly, MA). Mg-132, a proteasome inhibitor that blocks NF-xB
activation, was purchased from Calbiochem (San Diego, CA). SP600125 (JNK inhibitor)
and SB203580 (p38 MAP kinase inhibitor) were obtained from Alexis Biochemicals
(Plymouth Meeting, PA).

RAW-Blue cells (Invivogen, San Diego, CA) are derived from RAW?264.7 macrophages
with chromosomal integration of a secreted embryonic alkaline phosphatase (SEAP)
reporter construct inducible by NF-xB and AP-1. RAW-Blue mouse macrophage cell lines
were cultured in DMEM supplemented with 10% (v/v) FBS (Hyclone, Logan, UT) and
zeocin (Invivogen, 200 pg/ml). RAW-Blue cells between 6-15 passages were used for the
experiments. CHOK1-human CD36 transfectants (ATCC, CRL#2092, Manassas, VA) were
cultured in RPMI-1640 supplemented with 10% FBS and G418 (1 mg/ml) and medium was
replaced every 3 days. All cell culture reagents were purchased from Invitrogen (Carlsbad,
CA).

ApoE—/— female mice bred onto a C57BL/6 background were purchased from Jackson
Laboratory (Bar Harbor, ME). Dr. Maria Febbario (Cleveland Clinic Foundation, Cleveland,
OH) kindly provided apoE—/—CD36—/— and apoE—/—SR-A—/— DKO mice [17]. Mice were
housed in microisolator cages with filter tops and maintained on a 12-h light/dark cycle in a
temperature-controlled room. Animal studies were conducted under guidelines and protocols
approved by Institutional Animal Care and Use Committee at the University of Arkansas for
Medical Sciences. Thioglycollate-elicited mouse peritoneal macrophages were obtained 4
days after injection of 4% thioglycollate (1 ml/mouse). The peritoneal cells were plated in
RPMI-1640 supplemented with 10% (v/v) FBS, 2 mM L-glutamine, penicillin,
streptomycin, and sodium pyruvate. Non-adherent cells were removed after 2 h and
macrophages were used after 48 h.

Cell activation

RAW-Blue cells (1x10° cells/well) were cultured overnight and stimulated by the indicated
reagents for 18 h or indicated time. The reagents used were oxLDL (5 pg/ml), activating
mCD36 mAb (2 pg/ml) and indicated anti-CD36 mAb, and polyclonal antibodies (5 pg/ml).
Cells treated with mIgA isotype control or LPS (Invivogen) were used as negative and
positive controls, respectively. To determine signaling pathways, cells were pretreated with
100 nM of indicated inhibitors (Mg-132, SB203580, U0126, and SP600125) for 1 h
followed by the addition of activating mCD36 mAb or oxLDL or LPS. All the reagents used
in this study were tested for endotoxin contamination using endotoxin reporter cell line,
HEK-BLUE (Invivogen), engineered to express TLR4 and SEAP under the control of NF-
kB response element. The endotoxin levels were undetectable in the reagents used in this
experiment. Polymyxin-B (10 pg/ml) was included in the indicated experiments to confirm
that the effect is not due to undetectable levels of endotoxin.

For TLR ligand activation, RAW-Blue cells were incubated with mouse TLR ligands
(Invivogen) in the presence or absence of the activating mCD36 mAb for 18 h at 37°C.
Concentrations of TLR ligands were as follows: Pam3CSK4 (10 ng/ml), HKLM (108 cells/

Immunol Lett. Author manuscript; available in PMC 2012 June 30.
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ml), LPS (100 ng/ml or indicated concentration), and FSL-1 (100 ng/ml). Supernatant was
collected, and TNF-o. and RANTES protein levels and SEAP enzyme activity were
determined. Cells treated with TLR ligands alone, mIgA, and mIgA plus TLR ligands were
used as controls.

CD36 cross-linking

RAW-Blue cells (5x10°cells/well) were treated with activating mCD36 mAb (2 pg/ml) or
isotype control mIgA (2 ug/ml) for 30 min on ice. Cells were washed twice with cold PBS
and incubated with a goat anti-mIgA 1gG (2 ug/mL, Southern Biotech, Birmingham, AL) for
30 min on ice followed by washing in cold PBS to cross-link CD36. Cells were further
cultured in medium for 18 h at 37°C CO, incubator. Cells treated with activating mCD36
mAb (2 ug/ml) or migA without cross-linking were used as controls. Supernatants collected
after 18 h were used to analyze TNF-a, RANTES, and SEAP secretion.

Preparation of oxLDL

Native LDL (nLDL) and oxLDL were purchased from Academy Biomedials (Houston, TX).
The degree of oxidation of nLDL and oxLDL was determined by measuring the amount of
thiobarbituric acid-reactive substances (TBARS) as well as electrophoretic migration of
LDL and oxLDL in TITAN-agarose gel (Helena Labs, Houston, TX) as described earlier
[29]. nLDL had TBARS values of <1 nmol/mg. OxLDL had TBARS values of >10 and <30
nmol/mg and a relative electrophoretic mobility of 3.4 compared to LDL control. All
lipoproteins were used for experiments within 3 weeks after preparation.

OxLDL binding assay

RAW-Blue cells (5x10°) were incubated with corresponding mAbs or mIgA or mlgG at 4°C
for 1 h, followed by incubation with oxLDL (10 pg/ml) at 4°C for 1 h. OxLDL binding was
detected using rabbit anti-apoB 1gG biotin (3 pg/ml) and saturating concentrations of
streptavidin-PE (Jackson ImmunoResearch Inc., West grove, PA). Cells were washed in
fixed in PRB/1% formalin and acquired in a FACSCalibur flow cytometry and analyzed
using CellQuestPro software (BD-Biosciences, San Jose, CA).

NF-kB reporter assay

RAW-Blue cells (1x10° cells/well) were incubated with activating mCD36 mAb or
indicated reagents for 18 h and SEAP secretion was determined. QUANTI-Blue™, an
alkaline phosphatase substrate (Invivogen), was dissolved in endotoxin-free water and sterile
filtered (0.22 um). RAW-Blue cell supernatant (40 ul/well) was added to QUANTI-blue
substrate (160 ul/well) and incubated at 37°C for 1 to 3 h. Absorbance was measured at 620
nm in a BMG Polarstar microplate reader.

Real-time RT-PCR

Total RNA was isolated using TRIzol reagent (Invitrogen) according to the manufacturer’s
instructions and treated with RNase-free DNase. Reverse transcription reaction and
quantitative real-time PCR were described previously [30]. Real-time PCR primers
(Integrated DNA Technologies, Inc. Coralville, IA) were as follows: B-actin (sense,
ggctatgctctecctcacg; antisense, cgctcggtcaggatcttcat), TNF-a (sense, acaaggctgccccgactac;
antisense, tggaagactcctcccaggtatatg), RANTES (sense, cgaaggaaccgccaagtg; antisense,
ctagagcaagcgatgacagg). A two-step PCR with denaturation at 95°C for 15 s and annealing
and extension at 60°C for 1 min for 40 cycles was conducted in iCycler (Bio-Rad,
Richmond, CA) to determine the threshold cycle (Ct) value. Expression of TNF-a and
RANTES was calculated using 2ACt method using threshold cycles for f-actin as
normalization reference. All real-time PCR reactions were carried out at least twice from

Immunol Lett. Author manuscript; available in PMC 2012 June 30.
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independent cDNA preparations. RNA without reverse transcriptase served as a negative
control.

Cytokines ELISA

TNF-a and RANTES in the supernatant was determined by ELISA using Duoset ELISA Kits
(R&D, Minneapolis, MN) according to the manufacturer’s instructions. The optical density
was determined using a BMG Polarstar microplate reader at 450 nm. A mean value of
triplicate samples for each experiment and two or three separate experiments was used for
analysis.

Western blot

RAW-Blue cells treated with indicated reagents were lysed in RIPA buffer with protease
and phosphatase inhibitors (Cell Signaling Technologies Inc., Danvers, MA). Cell lysates
were centrifuged at 10,000 rpm for 15 min to remove cell debris. Protein concentrations
were determined by Bradford protein assay reagent (Bio-Rad). The lysates (10 pg protein)
were separated by SDS-PAGE and transferred to nitrocellulose membrane. Membranes were
blocked with 5% BSA/PBS containing 0.05% Tween-20 and were probed with antibodies
against IkB, plkB, SAPK/INK (p54/p46), p-SAPK/INK, Erk1/2 (p44/p42), p-Erk1/2, p-p38
and p38 MAP kinase. Bands were detected using ECL reagents (GE Healthcare, Piscataway,
NJ) according to the manufacturer’s recommendations.

CD36 peptide binding

CD36 and scrambled control peptides [31] were synthesized and HPLC purified by Neo
Bioscience (Cambridge, MA). Both peptides were about 99% pure as assessed by HPLC
analysis by the company. Peptides were dissolved in 50% DMSO and stored in aliquots at
—20°C. For foam cell assays, oxLDL was preincubated with CD36 or control peptides (at 4
uM) for 1 h followed by the addition to macrophages. The concentration of peptides used in
these experiments were based on earlier report showing at 4 uM CD36 peptide inhibited
oxLDL induced foam cell formation [31]. Cells were incubated for 24 h, fixed, and stained
with Oil Red O and DAPI mount. To determine percent foam cells, total number of cells
(DAPI+) and foam cells (Oil Red O+) cells were counted in five separate field using
Olympus fluorescence microscope. Cells treated with oxLDL alone are used as positive
control. Macrophages preincubated with the activating mCD36 mAb (JC63.1) at 5 pg/ml
followed by the addition of oxLDL to determine the effect of anti-CD36 mAb on oxLDL
induced foam cell formation.

To determine whether anti-CD36 mAb binds to different domain compared with oxLDL,
anti-CD36 mAb binding to RAW-Blue cells were determined by cell ELISA. RAW-Blue
cells (1 x 10%/well) were plated and cultured overnight. OXLDL (10 pug/ml) or anti-mCD36
mAb (2 ug/ml) was preincubated with CD36- or control-peptides (4 uM) for 1 h at room
temperature. Then the mixture was added to cells and incubated for 1 h at 4°C. Cells
incubated with oxLDL or anti-CD36 mAb (mixed with DMSO at final concentration 0.2%)
was used as positive controls. Cells incubated without any reagents were used as negative
control. After washing the cells, cells were incubated with biotinylated anti-human apoB
1gG (oxLDL binding) or anti-mIgA biotin (JC63.1 binding) for 1 h. After washing the cells
in PBS/1% BSA, cells were incubated with SA-HRP followed by the addition of TMB-1, a
HRP substrate. Color development was stopped by the addition of 2N sulfuric acid, and
absorbance at 450 nm was read using a microplate reader (BMG Inc.).

Immunol Lett. Author manuscript; available in PMC 2012 June 30.
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Statistical analysis

RESULTS

Results are expressed as means + SD. Data was analyzed by one-way ANOVA and a post
hoc Tukey test was used as a multiple-comparison procedure. Differences were considered
significant at P < 0.05. All analyses were performed using InStat 3.0a for Macintosh
(Graphpad Software, San Diego, CA).

Binding of activating mCD36 mAb (JC63.1) to macrophage cells induces inflammatory
cytokine response

With an intention of searching for an alternate receptor for oxLDL besides CD36, blocking
of CD36 receptor using different CD36 mAb was attempted. Mouse macrophage cell line,
RAW-Blue, was pretreated with anti-mouse CD36 mAb (clone JC63.1) prior to the addition
of oxLDL. OXLDL addition to RAW-Blue cells induced TNF-o. and RANTES protein
expression (Fig. 1A and B). An earlier report has shown that anti-mCD36 mAb (clone
JC63.1) inhibited oxLDL uptake [28]. However, addition of anti-mCD36 mAb (JC63.1) did
not block oxLDL-induced inflammatory cytokine responses. On the contrary, anti-mCD36
mAb (JC63.1) enhanced (P <0.001) oxLDL-induced TNF-a and RANTES expression (Fig.
1A and B). These findings raises the possibility that anti-mCD36 mAb (JC63.1) alone may
be activating the macrophages to induce pro-inflammatory cytokine response. To address
this possibility, RAW-Blue cells were incubated with anti-mCD36 mAb alone and cytokine
response determined. Surprisingly, RAW-Blue cells incubated with anti-mCD36 mAb
alone-induced TNF-a or RANTES secretion (Fig. 1A and B). To exclude the possibility that
the anti-mCD36 mAb-induced TNF-oa. and RANTES is due to a low-level endotoxin
contamination, polymyxin B was added during incubation. As expected LPS-induced
cytokine response is completely blocked by polymyxin B, while addition of polymyxin-B
did not show any difference in oxLDL- and/or anti-mCD36 mAb-induced TNF-o and
RANTES expression (Fig. 1A and B). Under similar conditions isotype control mIgA from
two different sources did not have effect. These findings suggest that the anti-mCD36 mAb,
JC63.1 (hereafter referred as activating mCD36 mAb) binding to macrophage cell line
results in macrophage activation and subsequent pro-inflammatory cytokine response.

Next, we addressed the specificity of activating mCD36 mAb induced inflammatory
response. RAW-Blue cells were incubated with activating mCD36 mAb (from two different
source) or other commercially available anti-mCD36 mAb and polyclonal antibody. As
shown in Figure 1C, activating mCD36 mAb from two different source (Cayman and Santa
Cruz biotech) induced TNF-a and RANTES expression, while other anti-mCD36 mAb and
rabbit or goat anti-mCD36 polyclonal antibody did not induce inflammatory cytokine
response (Fig. 1C and 1D). Further, neither the isotype control mlgA (from two different
source) nor rabbit 1gG induced responses (Fig. 1A-D). These findings suggest that the
activating mCD36 mAb-induced macrophage inflammatory response is specific.

Activating mCD36 mAb induced inflammatory cytokine expression in murine peritoneal
macrophages is dependent on CD36

To further confirm this unique phenomenon and to determine the cell-type specificity,
experiments were repeated using primary mouse macrophages. Macrophage treated with the
activating CD36 mAb-induced secretion of TNF-a (Fig. 2A) and RANTES (Fig. 2B). Under
similar conditions other anti-mCD36 mAb, pAb, mIgA isotype control, or rabbit 1gG alone
did not induce TNF-o. and RANTES release. To further confirm that the activating CD36
mAb induced inflammatory response is dependent on CD36 and not a non-specific
interaction; peritoneal macrophages from apoE—/—, apoE—/—CD36—/— DKO, and apoE—/
—SR-A-/— DKO mice were tested. Genotype analyses of macrophages from CD36—/— and

Immunol Lett. Author manuscript; available in PMC 2012 June 30.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Xieetal.

Page 7

SR-A—/— showed these macrophages indeed lack the expression of CD36 and SR-A (data
not shown), while apoE—/— and apoE—/—SR-A—/— macrophages showed positive bands for
CD36 gene. RT-PCR analyses also showed there is no CD36 mRNA expression in CD36—/
— macrophages (data not shown). Treatment of apoE—/— and apoE—/—SR-A—/—
macrophages with the activating CD36 mAb induced TNF-o and RANTES expression,
while apoE—/—CD36—/— DKO macrophages did not show any detectable TNF-a and
RANTES secretion (Fig. 2C and D). Under similar conditions LPS-induced TNF-a secretion
was similar in both wild type and CD36-deficient macrophages (data not shown), as
reported earlier [32]. Moreover, the oxLDL-induced TNF-a and RANTES were not
completely inhibited in apoE—/—CD36—/— or apoE—/—SR-A—/— macrophages, suggesting
that the deletion of CD36 or SR-A is not sufficient to decrease inflammatory response.

The activating mCD36 mAb-induced transcription of TNF-a and RANTES in macrophages

To further examine if activating mCD36 mAb-induced cytokine response at transcriptional
level, quantitative RT-PCR analyses was performed. Macrophages treated with the
activating CD36 mAb induced mRNA expression of TNF-a. and RANTES on RAW-Blue
cells, while other anti-mCD36 antibodies did not (Fig. 3A and B). Similarly, WT
macrophages showed upregulation of TNF-o. and RANTES mRNA expression in response
to the activating mCD36 mAb as well as oxLDL (Fig. 3C and D). However, CD36-deficient
macrophages did not respond to the activating mCD36 mAb-induced pro-inflammatory
cytokine expression (Fig. 3C and D). These findings indicate that binding of activating
mCD36 mAb induces pro-inflammatory cytokine responses at the level of transcription.

Signaling pathways involved in the activating CD36 mAb-induced inflammatory cytokine

response

Earlier studies have shown that oxLDL binding to macrophages results in NF-xB and MAP
kinase activation [3] and NF-kB and MAP kinase activation is necessary to promote foam
cell formation [3]. Hence we investigated the signaling pathways regulating the
inflammatory cytokine response initiated by the activating mCD36 mAb using NF-xB and
AP-1 reporter RAW-Blue cells. OXLDL or LPS treatment of RAW-Blue cells induced
SEAP secretion (Fig. 4A), while nLDL did not (data not shown). Interestingly, the activating
anti-CD36 mAb induced SEAP activity while no response was observed with isotype
control mIgA (Fig. 4A). Other anti-mCD36 mAb (mlIgA) did not induce SEAP expression
(Fig. 4B) suggesting the specificity of the NF-xB and AP-1 activation by the activating
mCD36 mAb. Inclusion of polymyxin B in the assay conditions did not inhibit SEAP
secretion by the activating mCD36 mAb or oxLDL. We then determined the kinetics and
dose-dependent activation of NF-xB and AP-1 by the activating mCD36 mAb. The
activating mCD36 mADb induced SEAP expression dose-dependently with a response is
detected as low as 1 pg/ml (Fig. 4C). Kinetic analyses showed a time-dependent increase in
SEAP secretion in RAW-Blue cells treated with the activating CD36 mAb with SEAP
secretions detected as early as 30 min (Fig. 4D). Since SEAP reporter has both NF-xB and
AP-1 response elements upstream to SEAP, we then determined the relative contribution of
NF-xB and AP-1 using specific inhibitors. RAW-Blue cells were stimulated with the
activating CD36 mAb in the presence of inhibitors of NF-kB and MAP kinase pathways.
SPB00125, a selective inhibitor of JNK activation, strongly (>90%, P <0.001 from two
independent experiments) inhibited SEAP secretion induced by the activating mCD36 mAb
(Fig. 4E). MEK1/2 inhibitor (U0126) inhibited 75% (P <0.001 from two independent
experiments) of SEAP secretion, while p38 kinase inhibitor (SB203580) did not inhibit
SEAP secretion. NF-«B activation inhibitor blocked only 50% (P <0.001 from two
independent experiments) of SEAP secretion induced by the activating mCD36 mAb. We
then investigated whether oxLDL-induced signaling pathways differ from that of the
activating mCD36 mAb. The activating mCD36 mAb-induced SEAP secretion is only

Immunol Lett. Author manuscript; available in PMC 2012 June 30.
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partially (50%, P <0.001 from two independent experiments) inhibited by the NF-xB
inhibitor (Fig. 4E). However, oxLDL-induced SEAP secretion is completely inhibited by the
NF-«kB inhibitor (Fig. 4F). Another striking difference is that the activating mCD36 mAb-
induced response is completely abrogated by the MEK1/2 inhibitor (Fig. 4E), while oxLDL-
induced response is inhibited about 40% (P <0.001 from two independent experiments) by
MEKZ1/2 inhibitor (Fig. 4F). These findings suggest that the intracellular signaling pathways
initiated by the activating mCD36 mADb are different from that of an oxLDL-induced
response. We further confirmed these results by Western blot analysis. SAPK/INK (p54/46)
and Erk1/2 (p44/42) became phosphorylated transiently when cells were treated with the
activating anti-CD36 mAb or oxLDL (Fig. 5). As seen with the inhibitor data, the activating
anti-mCD36 mAb did not induce p38 phosphorylation (data not shown). Treatment of
RAW-Blue cells with the activating anti-mCD36 mAb resulted in degradation of I-xB at 30
min and a concomitant increase in phospho-1-xB (Fig. 5), suggesting the activating anti-
mCD36 mADb induced NF-«B activation. These findings indicate that NF-xB, JNK2, and
Erk1/2 activation mediate the activating mCD36 mAb-induced pro-inflammatory cytokine
responses. Moreover, the signaling cascade initiated by the activating mCD36 mADb is
noticeably different from oxLDL-induced macrophage activation.

CD36 cross-linking with the activating mCD36 mAb does not stimulate pro-inflammatory
cytokine secretion

A recent report by Erdman et al. [32] showed that cross-linking mouse primary macrophages
with anti-CD36 mAb (JC63.1) followed by anti-mIgA antibody did not induce TNF-a.
response. Hence the experiment was repeated to address the discrepancy in our data and the
recently published article [32]. RAW-Blue cells treated with the activating anti-CD36 mAb
followed by anti-mIgA secondary antibody did not induce cytokine response (Fig. 6A and
B), and this finding is identical to the recent report [32]. However, RAW-Blue cells treated
with the activating mCD36 mAb, without cross-linking (with no addition of cross-linking
secondary antibody), induced TNF-a. and RANTES protein expression (Fig. 6A and B). The
increase in cytokine response also parallels the increase in SEAP activity (Fig. 6C). These
findings suggest that internalization of CD36/anti-CD36 mAb complex does not result in
macrophage inflammatory response. Moreover, incubating RAW-Blue cells at 4°C does not
affect LPS-induced TNF-a secretion indicating that cells incubated at 4°C can respond to
other inflammatory stimulus (data not shown) as reported using primary macrophages [32].
These findings suggest that the activating anti-CD36 mAb binding alone can activate
macrophages and the subsequent pro-inflammatory cytokine response. However,
internalization of cross-linked CD36, as shown in the recent report [32], cannot induce
macrophage inflammatory responses.

Activating mCD36 mAb binds to a domain different from the oxLDL-binding domain of

CD36

Thus far we showed activating mCD36 mAb induced pro-inflammatory cytokine responses
by NF-kB and MAP kinase activation. However, earlier studies have shown that the
activating mCD36 mADb (JC63.1) blocks oxLDL binding to macrophages [28]. Due to the
unexpected finding, oxLDL binding to RAW-Blue cells in the presence of the activating
anti-mCD36 mAb was determined. Binding assay was done at 4°C to prevent the
internalization of oxLDL. FACS analysis showed that RAW-Blue cells bind to oxLDL (Fig.
7A) and this binding is only partially inhibited (25%-30%) by the activating anti-mCD36
mADb (Fig. 7B). However, oxLDL binding to RAW-Blue cells was not inhibited by other
anti-mCD36 mAb or pAb (Fig. 7A and B). In addition to binding to mCD36, this activating
mCD36 mAb can also recognize human CD36 (Cayman). Hence, we repeated the oxLDL-
binding experiment using CHO-human CD36 transfected cells. OXxLDL binding to CHO-
human CD36 cells was also only partially inhibited (25%) by the activating mCD36 mAb
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(data not shown). These findings suggest that the activating mCD36 mAb and oxLDL
binding domains on mCD36 are different. If oxLDL and the activating mCD36 mAb bind to
different domains it raises a possibility that the activating mCD36 mAb would enhance
oxLDL-induced inflammatory response. To address this possibility RAW-Blue cells were
treated with activating mCD36 mAb and/or oxLDL and SEAP secretion was determined.
OXLDL or the activating mCD36 mAb independently induced SEAP secretion (Fig. 7C).
Interestingly, the combination of both the activating mCD36 mAb and oxLDL showed an
enhanced SEAP activity (Fig. 7C) in a time-dependent manner. To further confirm the
finding that the activating mCD36 mAb binds to a different domain, experiments were
repeated using a CD36 peptide, which has been shown to block oxLDL induced foam cell
formation in mouse macrophages [31]. Pre-incubation of oxLDL with CD36 peptide
inhibited about 50% foam cell formation, while control scrambled peptide has no effect on
foam cell formation (Fig 8A and B). After confirming the function of CD36 peptide, we then
investigated whether the activating mCD36 mAb binds to the domain similar to oxLDL
binding domain in CD36. CD36 peptide inhibited oxLDL-induced SEAP expression, a
measure of RAW-Blue cell activation (Fig. 8C). However pre-incubation of CD36 peptide
with the activating mCD36 mAb did not inhibit the activating mCD36-mAb induced RAW-
Blue cell activation (Fig. 8C). We also determined the direct effect of CD36 peptide on anti-
CD36 mAb binding to RAW-Blue cells using cell ELISA. Pre-incubation of oxLDL with
the CD36 peptide inhibited oxLDL binding to RAW-blue cells (Fig. 8D), while control
peptide did not. However, pre-incubation of anti-mCD36 mAb with the CD36 peptide only
partially inhibited the activating mCD36 mADb binding to RAW-Blue cells. Under similar
conditions, scrambled control peptide did not inhibit oxLDL or anti-CD36 mAb binding to
RAW-Blue cells (Fig. 8D). These findings suggest that the activating mCD36 mAb may be
binding to a novel domain, which may be in close proximity to oxLDL binding domain on
mouse CD36.

The activating mCD36 mAb enhanced TLR2 and TLR4-induced inflammatory responses

Data presented thus far demonstrated that the activating mCD36 mAb recognizing a novel
domain on mCD36 induce pro-inflammatory cytokine responses. Next, we investigated the
functional implications of the activating mCD36 mAb recognizing different domain on
mCD36. CD36 has been shown to act as a co-receptor for TLR2 and TLR6 [33]. In fact, a
very recent report shows CD36 co-association with TLR4 and TLR6 induced sterile
inflammation [34]. We then determined whether the activating mCD36 mAb cooperatively
interacts with TLR ligands to enhance inflammatory responses. To address such a
possibility, RAW-Blue cell activation by the TLR ligand and/or the activating mCD36 mAb
was determined by measuring TNF-a. and SEAP expression. It should be noted that RAW-
Blue cells express all TLRs including TLR2, TLR4, and TLR6 and excluding TLR5
(Invivogen). TLR2 ligands (Pam3CSK4, FSL1, and HKLM) or the activating mCD36 mAb
alone induced TNF-a and SEAP expression (Fig. 9). Interestingly, the combination of the
activating mCD36 mAb and TLR2 ligands, FSL-1 and HKLM, induced an approximately 2-
fold higher (P <0.01 compared with TLR2 ligand or activating mCD36 mAb alone)
expression of TNF-a (Fig. 9B-C) and SEAP (Fig. 9F-G), and Pam3CSK4 (at low dose 10
ng/ml) induced TNF-a (Fig. 9A) and SEAP secretion (Fig. 9E) is only marginal (1.3-fold).
Under similar conditions, TLR4 ligand, LPS (Fig. 9D and H), and other TLR (TLR3, TLR5,
TLR7 and TLR9) ligands did not show enhanced pro-inflammatory responses (data not
shown). Recent studies have implicated TLR4/TLR6 heterodimer is involved in CD36-
dependent macrophage activation and subsequent inflammatory responses [34]. Next we
determined whether the lack of effect of LPS on JC63.1-induced additive response is due to
the high dose of LPS used as a primary stimulus by titrating the LPS concentration. LPS at
low concentration (0.1-10 ng/ml) dose-dependently induced SEAP activity with a maximum
induction at 10 ng/ml (Fig. 91). Notably, anti-CD36 mAb addition enhanced (approximately
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2-fold higher expression) LPS-induced SEAP activity at lower dose of LPS (0.1 - 3 ng/ml)
(Fig 9I). However at maximal stimulation of cells with high concentration of LPS (10 ng/ml)
the JC63.1-mediated enhancement of inflammatory response is not apparent. These findings
suggested that cooperative interaction between the activating mCD36 mAb and TLR2 and
TLR4 ligands enhance macrophage activation and subsequent pro-inflammatory responses.

DISCUSSION

The principal finding in this report is identification of a novel domain on mouse CD36 that
can induce macrophage inflammatory cytokine response independent of oxLDL- or TLR2-
ligand binding function of CD36. We have identified this domain using an activating
mCD36 mAb, which induced TNF-o. and RANTES expression in mouse macrophage cell
line and primary peritoneal macrophages. The inflammatory cytokine response initiated by
this domain is mediated by MAP kinase and in part by NF-xB activation. Furthermore, we
showed the binding of activating mCD36 mAb to this domain enhances TLR2- or TLR4- or
oxLDL-mediated inflammatory cytokine response. Importantly, we present evidence that the
activating mCD36 mAb binds to a domain different from oxLDL- or TLR2-ligand, FSL-1,
binding domain on mouse CD36. The result of this study are relevant in the light of oxLDL-
independent CD36-mediated inflammatory responses in chronic inflammatory diseases such
as atherosclerosis [21,22], Alzheimer’s disease [8,23,24], S. aureus infection [25] and non-
alcoholic steatohepatitis [27].

In this study using a mouse macrophage cell line, we demonstrated that the activating
mCD36 mAb induced pro-inflammatory cytokines, TNF-o. and RANTES in mouse RAW-
Blue macrophage cell line and primary macrophages. We also presented evidence that the
activating mCD36 mADb induced macrophage inflammatory responses is specific as the
activating mCD36 mADb showed no effect on CD36—/— macrophages. We also showed
activating mCD36 mAb (JC63.1) from two different commercial source induced TNF-o and
RANTES response and the activating mCD36 mAb induced response is not inhibited by
polymyxin B ruling out any possible endotoxin contamination which could non-specifically
induce the inflammatory response. These findings indicate that the activating mCD36 mAb-
induced response is specific. However, our finding is in contrast to a very recent report by
Erdman et al. [32] showing that anti-CD36 mAb (JC63.1) did not induce TNF-o response in
RAW?264 macrophage cells. The difference between both studies is that in the study by
Erdman et al. [32] RAW264 cells were treated with the activating mCD36 mAb followed by
anti-mIgA antibody (secondary antibody) to induce CD36 cross-linking. In our study the
activating mCD36 mADb was added without the cross-linking secondary antibody. Our
finding showing addition of anti-CD36 Ab induced response is opposite to the finding
showing cross-linking did not induce the response. We were surprised by our finding that
activating mCD36 mAb from two different t sources (Cayman and Santa Cruz) induced
macrophage activation, while control mIgA from Santa Cruz and BD-Biosciences did not.
Moreover, all the experiments using the activating mCD36 mAb were conducted using
polymyxin B. These findings rule out that the non-cross linking activation by the activating
mCD36 mADb is not due to endotoxin contamination. Moreover, RAW-Blue cells kept at 4°C
were responsive to other stimulus such as LPS, as reported earlier using primary
macrophages in cross-linking experiment [32]. Together, these findings have indicated that
CD36 internalization by antibody cross-linking does not induce inflammatory responses.
Notably, these findings suggest that a putative ligand binding to the new domain on the
extracellular region of mouse CD36 may be sufficient to induce inflammatory cytokine
responses.

We investigated the signaling pathways contributing to the activating mCD36 mAb-induced
inflammatory responses in macrophages. Using RAW-Blue, a NF-xB and AP-1 reporter cell
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line, we showed the activating mCD36 mAb-induced TNF-a and RANTES are mediated via
activation of NF-xB and AP-1, a downstream target for MAP kinase pathway. Using
pharmacological inhibitors and Western blot analysis, we showed JNK activation is
contributing to the activating mCD36 mAb induced pro-inflammatory responses. However,
blockade of p38 MAP kinase did not inhibit the response ruling out a role for p38 MAPK in
this response. These findings suggest that the signaling cascade initiated by the activating
mCD36 mADb for most part is similar to that reported for oxLDL [3]. However, comparison
of the signaling cascade initiated by oxLDL and the activating mCD36 mAb showed two
differences. OxLDL-induced NF-«B activation is completely inhibited by the NF-xB
inhibitor; while only 50% inhibited the activating mCD36 mAb induced a response (Fig. 4E
and F). Another striking difference is that the MKKZ1/2 inhibitor, specifically inhibiting
Erk1/2 activation, completely inhibited the activating mCD36-induced inflammatory
response, while partial inhibition was observed in the oxLDL-induced response (Fig. 4E and
F). These findings suggest that the signaling cascade initiated by the activating mCD36 mAb
binding to a new domain on mouse CD36 is different from the oxLDL-induced signaling
pathways.

Our findings showing that the induction of inflammatory cytokine response by the activating
mCD36 mAb is unexpected. One possible explanation for this response is that the activating
mCD36 mAb may be binding to oxLDL binding domain on CD36 and act as a surrogate
ligand. Earlier studies using this anti-mCD36 have shown that it inhibited oxLDL binding to
primary macrophages [28] supports this possibility. However, oxLDL-binding studies using
RAW-Blue cells showed only 30% inhibition was achieved by the activating mCD36 mAb
(Fig. 7). On careful evaluation of the earlier report [28], it appears the authors have also
achieved only partial inhibition of oxLDL binding, though the percent inhibition was not
clearly stated. These findings raise a possibility that the activating mCD36 mAb may be
binding to a novel domain that may be independent of oxLDL-binding domain of CD36, and
the partial blocking of oxLDL-binding by the activating mCD36 mAb could be due to steric
hindrance.

The next question is what is the functional domain recognized by the activating mCD36
mAb? Using GSH-human CD36 chimeric protein [35], as well as a panel of anti-human
CD36 mADb, aal55-183 has been identified as oxLDL-binding domain on human CD36
[36]. A small CD36 peptide, aa160-168, inhibited oxLDL-mediated foam cell formation in
mouse macrophages [31]. These findings have mapped the oxLDL-binding domain between
aal55-183, and this domain is also conserved in human, mouse, and rat [31]. Earlier studies
using mAb against aa155-183 of human CD36 has been shown to inhibit oxLDL binding
[36], apoptotic neutrophils [37], and adherence of P. falciparum-infected RBC [38].
Similarly, B-amyloid, another CD36 ligand, inhibited mouse CD36-dependent oxLDL
binding [7]. Based on these reports it is possible that multiple CD36 ligands such as oxLDL,
apoptotic cells, p-amyloid and P. falciparum-infected RBC may be binding to a same
domain on CD36. In the present study, we showed oxLDL binding is poorly inhibited by
this activating mCD36 mAb (Fig. 7AB), ruling out a possibility that the activating mCD36
mAb may be binding to the oxLDL-binding domain on CD36. These findings suggest a
novel domain on CD36 may initiate oxLDL-independent inflammatory response. These
findings further suggest an interesting possibility that this novel domain on CD36 could be
in close proximity to the oxLDL binding. Our data (Fig. 7C) showing enhanced
inflammatory responses in RAW-Blue cells treated with the activating mCD36 mAb and
oxLDL supports this possibility. We showed CD36 peptide blocked CD36-dependent foam
cell formation, oxLDL binding to RAW-Blue cells and oxLDL-induced macrophage
activation as determined by SEAP secretion (Fig. 8). Interestingly CD36 peptide did not
block the activating CD36 mAb binding to RAW-Blue cells as well as the activating
mCD36 mAb induced SEAP expression (Fig. 8). These findings suggest that the activating
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mCD36 mAb binding a domain different from oxLDL binding domain. In a very recent
report Jimenez-Dalmaroni et al [14] have shown that soluble CD36 ectodomain binds to
FSL-1 (a TLR2 ligand) and enhances TLR2-induced TNF-a secretion by macrophages. We
showed the activating mCD36 mAb in combination with FSL-1 enhanced inflammatory
responses in macrophages (Fig. 9). Based on this finding it is reasonable to predict that the
activating mCD36 mADb binding site is different from FSL-1 binding site on mouse CD36.
Based on earlier reports oxLDL, B-amyloid, apoptotic cells, P. falciparum-infected RBC,
and FSL-1 may not be the potential ligands for this novel domain. More new ligands for
CD36 are being identified, which include hexarelin, a hexapeptide member of the growth
hormone releasing peptide [39], and serum amyloid antigen, which binds to human and rat
CD36 [40]. Collectively, these findings suggest that the activating mCD36 mAb recognized
a distinct domain, which is different from oxLDL- or TLR2-ligand binding domains.
However, the nature of exogenous and/or endogenous ligand binding to this novel domain
on mouse CD36 needs further investigation.

Recent studies have shown there is a cooperative interaction between TLRs, such as TLR2,
TLR4, TLR6, and CD36 [33,34]. In this study we showed that activating mCD36 mAb
binding to macrophages enhanced the TLR2-dependent inflammatory responses.
Specifically, TLR2 and TLR4 ligands, Pam3, HKLM, and FSL-1 (TLR2 ligand) and at sub-
saturating concentration of LPS (TLR4 ligand), induced TNF-a response and NF-xB and
AP-1 activation was enhanced by the activating mCD36 mAb (Fig. 9). However, combining
activating mCD36 mAb with TLR3, TLR5, TLR7, and TLR9 ligands did not show
enhanced inflammatory responses suggesting the cooperative interaction of the activating
mCD36 mAb is specific for TLR2. TLR2/TLR2, TLR2/TLR1 and TLR2/TLR6 dimerization
has been implicated in inflammatory responses initiated by different TLR2 ligands [41].
TLR2/TLR2 homodimer is activated by Listeria-derived lipotechoic acid, a component of
heat-killed Listeria monocytogenes, HKLM, Gram-positive bacteria [42,43]. Besides, TLR2
can also form heterodimers with other TLRs such as TLR1 and TLR6. TLR2/6 heterodimer
is activated by the synthetic diacylated lipopeptide FSL-1 [44], while the synthetic
triacylated lipopeptide Pam3CSK4 is recognized by TLR2/1 [45,46]. Since the activating
mCD36 mAb enhanced all three TLR2 ligands, it is possible that the activating mCD36
mAb may be inducing responses initiated by TLR2/TLR2 homodimer as well as TLR2/
TLR1 and TLR2/TLR6 heterodimers. Using HEK-293 cells expressing CD36 with TLR2,
TLR4, or TLR6, recent studies have presented evidence that CD36 co-associates with TLR4
and TLR6 with minimal contribution from TLR2 when oxLDL was used as a ligand for
CD36 [34]. These studies suggest that the activating mCD36 mAb binding to this new
domain on CD36 may specifically result in co-association with TLR2 and/or TLR4. The
activating mCD36 mAb provides an excellent research tool to decipher signaling pathways
induced by CD36 interacting with co-receptors such as TLR2 homodimer, TLR/TLR1,
TLR2/TLR6 and TLR4/TLR6 heterodimers.

In summary, we showed the activating mCD36 mAb (JC63.1) induced pro-inflammatory
cytokine response with very minimal effect on oxLDL binding. Moreover, the activating
mCD36 mAb enhanced the oxLDL-induced response. Analyses using a CD36 peptide
showed CD36 peptide inhibited oxLDL induced macrophage activation, while no effect on
the activating mCD36 mAb induced macrophage activation. Collectively, these findings
suggest that the activating mCD36 mAb recognized a novel domain on mouse CD36.
However an endogenous or exogenous ligand(s) binding to this domain need further
investigation.
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Figure 1. Activating anti-mouse CD36 mAb alone induces inflammatory cytokine response
RAW-Blue cells were pretreated with indicated reagents, and supernatant collected after 18
h was analyzed for TNF-a (A) and RANTES (B) secretion. Polymyxin B was included to
exclude endotoxin contamination in antibody and oxLDL as the reason for the effect. RAW-
Blue cells were treated with different commercially available antibody, activating mCD36
mAb (JC63.1), or other indicated anti-mCD36 mAb and polyclonal antibody and the control
rabbit or goat 1gG to determine the specificity of activating mCD36 mAb-induced TNF-a
(C) and RANTES (D) secretion. Cells cultured in media, mIgA (from BD or Scbt), or rabbit
1gG were used as controls. Error bars represent mean + SD. Data are representative of three

independent experiments.
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Figure 2. Activating mouse CD36 mAb induces inflammatory cytokine response in primary
macrophages is dependent on CD36 expression

Thioglycollate-elicited apoE—/— peritoneal macrophages were treated with indicated mouse
anti-CD36 antibodies including the activating mCD36 mAb (JC63.1). Cells treated with
mlgA, rabbit 1gG, or oxLDL were used as controls. Supernatant collected after 7 or 24 h was
used to determine TNF-a (A) and RANTES (B) secretion. Peritoneal macrophages collected
from wild type (apoE—/—), CD36—/— (apoE—/—CD36—/— double deficient), and SRA—/—
(apoE—/—SR-A—/— double deficient) were treated the activating mCD36 mAb. After 18 h,
supernatant was collected and TNF-a (C) and RANTES (D) secretion were determined.
Macrophages incubated with oxLDL and mIgA were used as positive and negative controls,
respectively. Error bars represent mean + SD. Data are representative of three independent
experiments.
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Figure 3. Activating mCD36 mAb induces TNF-a and RANTES mRNA expression

RAW Blue cells and peritoneal macrophages were incubated with indicated reagents
including activating mCD36 mAb for 18 h. Activating mCD36 mAb-induced TNF-a (C)
and RANTES (D) mRNA expression in apoE—/— (WT), apoE—/-CD36—/— (CD36—/-), and
apoE—/—SR-A (SR-A-/-) were determined by quantitative RT-PCR. Cells treated with
media and oxLDL were used as controls. Error bars represent mean + SD. Data are

representative of three independent experiments.
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Figure 4. Activating mCD36 mAb-induced inflammatory cytokine response is dependent on NF-
kB and MAP kinase activation

To address signaling pathways regulating the inflammatory cytokine response initiated by
the activating mCD36 mAb, RAW-Blue-SEAP reporter cells were used. RAW-Blue cells
were pretreated with activating mCD36 mAb or other indicated reagents. Supernatant
collected after 18 h was analyzed for SEAP reporter activity (A). RAW-Blue cells were
incubated for 18 h with the activating mCD36 mAb or other anti-mCD36 mAb or pAb to
determine the specificity of activating mCD36 mAb induced NF-kB and AP-1 activation
(B). Cells treated with mIgA or cultured in medium were used as controls. RAW-Blue cells
were treated with activating mCD36 mAb at different concentration (C) or different
incubation time (D) to determine the dose-dependent and kinetics of macrophage activation.
RAW-Blue cells were treated with activating mCD36 mAb (E) or oxLDL (F) in the absence
or presence of Mg-132 (NF-«xB inhibitor), SB203580 (p38 inhibitor), SP600125 (JNK
inhibitor), or U0126 (Erk1/2 inhibitor). Cells cultured in media alone served as the control.
Data are Mean £ SD of triplicates and representative of two independent experiments is
presented.
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Figure 5. Immunoblot analyses of MAP kinases and NF-kB induction by activating mCD36 mAb
RAW-Blue cells were treated with activating mCD36 mAb (JC63.1, 5 ug/ml) or oxLDL (5
ug/ml) for 15 or 30 min. Cells were lyses, and Western blot analyses were carried out. Data
represents two independent experiments.
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Figure 6. CD36 cross-linking with activating mCD36 mAb does not induce pro-inflammatory
response

RAW-Blue cells were pretreated with activating mCD36 mAb (JC63.1) or IgA (isotype
control), followed by the addition of anti mouse-1gA to induce CD36 cross-linking. Cells
treated with media or mIgA or activating mCD36 mAb without cross-linking secondary
antibody were used as controls. Supernatants were collected after 18 h, and secretion of
TNF-a (A), RANTES (B), and SEAP activity (C) were determined.
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Figure 7. Activating mCD36 mAb enhances oxLDL-induced macrophage activation

OXxLDL binding to RAW-Blue cells were determined by flow cytometry (A and B). Cells
were treated with mIgA, activating mCD36 mAb (JC63.1), anti-mCD36 mAb, or anti-
mCD36 pAb. OxLDL binding (closed histogram) was detected using goat anti apoB 1gG-
biotin followed by streptavidin-PE. Cells treated identically without oxLDL (open
histogram) were used as a negative control. Number indicates mean fluorescence. C,
Activating mCD36 mAb enhances oxLDL-induced macrophage inflammatory response.
RAW-Blue cells were co-incubated with activating mCD36 mAb (2 ug/ml) and oxLDL (5
ng/ml). Cells treated with either one of the reagents were used to determine the basal
activation. SEAP activity in the supernatant was analyzed to determine kinetics of
inflammatory response.
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Figure 8. Activating mCD36 mAb binds to a novel domain on mouse CD36

Inhibition of OXLDL induced foam cell formation (A and B) by CD36 peptide was
determined as described under ‘methods section’. CD36 peptide was preincubated with
activating mCD36 mADb or oxLDL was added to RAW-Blue cells. Supernatant was collected
to determine SEAP secretion (C). Effects of CD36 peptide on activating mCD36 mAb or
oxLDL binding to RAW-Blue cells were determined by cell ELISA (D). Cells were treated
with activating mCD36 mAb (JC63.1) or oxLDL preincubated with CD36- or control
peptides were used. Cells treated with DMSO (at 0.2%, vehicle used to dissolve the
peptides) were used as an additional control.
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Figure 9. Activating mCD36 mAb enhanced TLR2-induced inflammatory response

RAW-Blue cells were co-incubated with activating mCD36 mAb (JC63.1) and TLR2
(Pam3, FSL, and HKLM) or TLR4 (LPS, 100 ng/ml) ligands. Cells treated with either one
of the reagents were used to determine the basal activation. Secretion of TNF-o (A-D) and
SEAP activity (E-H) were determined. Inflammatory responses by TLR-2 ligands; Pam3 (A
and E), FSL (B and F), HKLM (C and G), and TLR4 ligand LPS (D and H) are presented.
Mean values between the combination of TLR2 ligands and activating mCD36 mAb is
significantly different (*, p<0.01 by One-way ANOVA Tukey post-hoc multiple comparison
test) from the response by TLR2 ligands or activating mCD36 mAb alone. I, Activating
mCD36 enhanced TLR4-induced inflammatory response at low concentration of LPS.
RAW-Blue cells were co-incubated with activating mCD36 mAb (JC63.1 at 2 ug/ml) and
TLR4 (LPS) ligand at different concentration (0.1 - 10 ng/ml). Cells treated with either one
of the reagents were used to determine the basal activation. Mean values between the
combination of LPS and activating mCD36 mADb is significantly different (*, p<0.01 by
One-way ANOVA Tukey post-hoc multiple comparison test) from the response by LPS or
activating mCD36 mADb alone.
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TABLE 1

Anti-mouse CD36 antibody used in this study

Anti-CD36 mAb clone | Subtype Vendors
JC63.1 mlgA Cayman Chemicals
JC63.1 migA Santa Cruz
324216 Rat 19gG2b RND
HM36 Armenian Hamster IgG | Biolegend
Anti-mCD36 polyclonal | Goat 1gG RND
Anti-mCD36 polyclonal | Rabbit IgG Cayman
Control antibody
M18-254 migA BD-Biosciences
mlgA Santa Cruz
141945 Rat 1gG2b RND
HTK888 Armenian Hamster IgG | RND
Goat IgG RND
Rabbit 1gG RND
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