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SUMMARY

Retinoic acid (RA) has been shown to regulate cellular growth and differentiation of a variety

of cell types, including cells of the myelomonocytic lineage. We used the monocytic leukaemia

cell line THP-1, which differentiates to macrophages in response to phorbol 12-myristate

13-acetate (PMA), to investigate the regulation by RA of genes in the scavenger receptor type

B family (CD36) in human monocyte/macrophages. Reverse transcription–polymerase chain

reaction and flow cytometry demonstrated that, like PMA and the natural peroxisome-

proliferator-activated receptor-c (PPARc) ligand 15d-PGJ2, RA induced CD36 gene

expression in these cells. Moreover, RA plus 15d-PGJ2 further enhanced CD36 protein

and mRNA levels over that seen with the RA or PPARc compounds alone. The PPARc

antagonist GW9662 was shown to block completely PPARc-ligand induction of CD36 gene

expression, but had little effect on the action of RA. Our data indicated that RXR- and

RAR-specific ligands (LG153 and TTNPB, respectively) were each alone able to increase

CD36 mRNA and surface protein levels. By using calphostin C, a specific protein kinase C

(PKC) inhibitor, we demonstrated that induction of CD36 by PMA, as well as by PPARc and

RXR ligands were dependent upon PKC activation. In contrast, activation of CD36 through

the RAR pathway was not affected by inhibition of PKC activity. Taken together, these data

demonstrate that RA can up-regulate CD36 expression in human monocytes/macrophages.

This regulation appears to be predominantly mediated through the RAR/RXR pathway

of action and, unlike previously described methods of CD36 modulation, is independent

of PPARc and PKC signalling. This study suggests a possible role for RA in physio-

logical processes involving the scavenger receptor function in cells of the monocyte/

macrophage lineage.

INTRODUCTION

Scavenger receptor type B (SR-B) is a structurally hetero-

geneous family of proteins that includes CD36, the

receptor for selective cholesteryl ester uptake, scavenger

receptor class B type I (SR-BI), and lysosomal integral

membrane protein II (LIMP-II).1,2 In cells of the monocyte/

macrophage lineage, the scavenger receptor CD36 has been

implicated in the phagocytosis of apoptotic cells and in the

formation of foam cells during atherogenesis. Regulation

of CD36 expression is a complex process resulting from

the co-ordinated interplay between multiple soluble factors

and cell surface adhesion molecules.3,4 Expression of CD36

has been shown to be regulated through the peroxisome-

proliferator-activated-receptor c (PPARc) pathway and to

be directly correlated with the maturational stage of the

cells. Its expression is dramatically increased on monocytes

upon their interaction with activated endothelium and

by treatment of monocytes with macrophage colony-

stimulating factor or interleukin-4 (IL-4). Furthermore,

it has been shown that a variety of specific PPARc ligands

can, by themselves, up-regulate CD36, indicating that

activation of PPARc is sufficient to induce its expres-

sion.5–7 A common feature that appears to accompany

CD36 up-regulation on macrophages induced by different

methodologies (e.g. interaction with activated endo-

thelium or treatment with macrophage colony-stimulating

factor) is the differentiation of the cells as reflected

by increased adherence and a variety of morphological

criteria.1,8

Received 1 October 2001; revised 15 January 2002; accepted

30 January 2002.

Correspondence: Neil Sidell PhD, Department of Gynecology

and Obstetrics, Emory University School of Medicine, 1639 Pierce

Drive, Atlanta, GA 30322, USA. E-mail: Nsidell@emory.edu

Immunology 2002 106 53–59

# 2002 Blackwell Science Ltd 53



We now demonstrate a mechanism of CD36 induction

that involves a retinoid-mediated signalling pathway. In

a recent report, Wuttge et al.9 showed that retinoic acid

(RA) can up-regulate the expression of CD36, that this

effect is mediated by RA nuclear receptors (RARs),

and that RA treatment can enhance the ability of specific

PPARc ligands to up-regulate CD36. The present studies

confirm and extend these observations. Our results indicate

that up-regulation of CD36 by RA is independent of

PPARc signalling and is not associated with monocyte

adherence or differentiation. Furthermore, unlike pre-

viously characterized mechanisms of CD36 regulation,

we have determined that induction by RA is unique in

not being dependent on protein kinase C (PKC) activity.

A thorough understanding of this novel mechanism of

action may lead to the discovery of a new class of drugs

that can be utilized for clinical applications of selective

CD36 modulation and increased scavenger activity in

cells of the monocyte/macrophage lineage.

MATERIALS AND METHODS

Cell culture and chemicals

Human THP-1 cells were obtained from the American

Type Culture Collection (Rockville, MD). Cells were grown

in RPMI-1640 medium (Cellgro, Heradon, VA) supple-

mented with 10% heat-inactivated fetal bovine serum (FBS),

HEPES buffer, 50 IU/ml penicillin/streptomycin, and 1 mg

amphotericin (complete medium) as previously described.10

All-trans-retinoic acid (RA) and phorbol 12-myristate

13-acetate (PMA), purchased from Sigma (St Louis, MO),

were dissolved in dimethylsulphoxide (0.2% of final

volume). 15-deoxy-delta prostaglandin J2 (15d-PGJ2) was

purchased from Alexis Biochemical (San Diego, CA). The

synthetic PPARc antagonist GW966211,12 was synthesized

by the Medicinal Chemistry Department at Glaxo Well-

come Research and Development and was a generous

gift from Dr T. M. Willson at same Institute (Glaxo

Wellcome Co, Research Triangle Park, NC). LG100153

(LG153) and (E)-4-[2-(5,5,8,8-tetramethyl-5,6,7,8-tetra-

hydro-2-naphthalenyl)-1-propenyl] benzoic acid (TTNPB)

was obtained from The Department of Medicinal Chem-

istry, Ligand Pharmaceuticals, Inc. (San Diego, CA).

Calphostin C (CAL) was purchased from Calbiochem

(La Jolla, CA). All reverse transcription–polymerase chain

reaction (RT-PCR) kit components were from Perkin

Elmer Co. (Foster City, CA). All other chemicals were

purchased from Sigma (St. Louis, MO). Unless otherwise

indicated, THP-1 cells were treated with RA (5 mM),

PMA (100 nM), 15d-PGJ2 (10 mM), LG153 (5 mM), TTNPB

(5 mM), CAL (0.5 mM) and GW9662 (20 mM) for 24 or 48 hr

before analysis by flow cytometry or semiquantitative

RT-PCR as described below.

RT-PCR

Total RNA was prepared from cultured THP-1 cells using

TRIzol Reagent (Gibco BRL, Rockville, MD). To amplify

474 bp PPARc, 389 bp CD36, and 200 bp GAPDH cDNA

fragments, the sequences of PCR primers were: for PPARc

sense (5k-TCTCTCCGTAATGGAAGACC-3k), antisense

(5k-GCATTATGAGACATCCCCAC-3k); for CD36 sense

(5k-GAGAACTGTTATGGGGCTAT-3k), antisense (5k-
TTCAACTGGAGAGGCAAAGG-3k); and for GAPDH

sense (5k-CCATGGAGAAGGCTGGGG-3k), antisense

(5k-CAAAGTTGTCATGGATGACC-3k), according to

the published data.10,13,14 The RT-PCR was carried out

as described.10 The ratio of primer concentrations for

PPARc and CD36 to GAPDH was about 1.3 : 0.7 if

run in the same reaction tubes; otherwise they were run

separately in order to get satisfactory results. The samples

were first denatured at 95u for 30 seconds, followed by

32 PCR cycles, each with temperature variations as

follows: 95u for 30 seconds, 60u for 30 seconds, and 72u
for 30 seconds. The last cycle was followed by an

additional extension incubation of 7 min at 72u. Analysis

of amplicons was visualized on 1% agarose gel containing

0.2 mg/ml ethidium bromide and visualized under an ultra-

violet transilluminator. The densitometric analysis of

PCR products was performed using computer software

(BIO-RAD QUANTITY ONE) and a GS-700 Imaging Densito-

meter (Bio-Rad, Hercules, CA), and was standardized by

the GAPDH product. The ratios of PPARc : GAPDH or

CD36 : GAPDH density bands in control groups were

considered as 100%. Values of treatment group PPARc :

GAPDH or CD36 : GAPDH ratios are given as percent-

age of controls. A 100-bp ladder (Gibco BRL, Rockville,

MD) was used as a size standard.

Flow cytometry analysis

THP-1 cells were decanted from the culture flask if they

were growing in suspension or were harvested by scraping

or trypsin–ethylenediaminetetraacetic acid detachment if

they were adherent as a result of some culture conditions

(e.g. PMA treatment) and centrifuged. Aggregates were

disrupted by vigorous pipetting. Cells (2r105–106) were

washed twice with phosphate-buffered saline (PBS) and

resuspended in 100 ml PBS containing 1% bovine serum

albumin, incubated at 4u for 1 hr with appropriate dilutions

of either purified R-phycoerythrin (R-PE)-conjugated

mouse anti-human (CD36) monoclonal antibody or

mouse immunoglobulin G (IgG), kappa isotype control

(Pharmingen, San Diego, CA). The cells were washed and

then analysed on a FAC-Scan cytofluorograph (Becton

Dickinson, San Jose, CA). For each experiment, 10 000

events were collected and analysed using the CELLQUEST

program based on their forward and side light-scatter

profiles. The data were expressed as per cent positive and

mean fluorescence intensity (MFI; arbitrary units). The

‘M1’ positive gates were set from isotype controls for each

treatment condition such that these controls showed less

than 2% positive individual cells. The isotype control

histograms are not shown in order to simplify the figures

unless otherwise indicated.

Statistical methods

All RT-PCR data were expressed as a meantSE.

Statistical significance was determined with Student’s t-test

(two-tailed) comparison between two groups of data sets.
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Asterisks shown in the figures indicate significant differ-

ences of experimental groups in comparison with the

corresponding control condition (see figure legends).

RESULTS

Induction of CD36 protein and mRNA in human monocytes

THP-1 cells were used as a model for investigating

regulation of CD36 expression on cells of the monocyte/

macrophage lineage. These cells can be induced to dif-

ferentiate into macrophages by a variety of stimuli includ-

ing PMA, granulocyte–macrophage colony-stimulating

factor (GM-CSF), IL-415,16 Analysis of CD36 by flow

cytometry (Fig. 1a) illustrates that untreated THP-1 cells

show little, if any, surface expression of CD36. When these

cells are cultured in the presence of PMA (100 nM), they

undergo major differentiation changes, beginning at 12 hr

of treatment which corresponds to the cells taking on

the characteristics of mature macrophages as assessed by

their morphological, antigenic and adherence properties.17

Figure 1(a) demonstrates that these cells also showed a

dramatic increase in surface CD36 expression that correl-

ated with this differentiation process. Thus, THP-1 cells

appear to possess the same characteristics as normal

human monocytes of increased CD36 expression as they

differentiate into macrophages.18,19

Studies from a number of laboratories have indicated

that CD36 expression is regulated through the PPARc
pathway and that its expression can be induced by ligands

to this nuclear receptor.5,7 Both normal monoctyes and

THP-1 cells have been shown to express PPARc.5,20 As

expected, Fig. 1(a) demonstrates that the natural PPARc
ligand 15d-PGJ2 can significantly induce surface expression

of CD36. The data show that RA is also a potent inducer

of CD36 surface protein expression. To determine whether

the observed RA-induced increase in CD36 surface protein

on THP-1 cells reflects regulation at the transcriptional

level, mRNA levels were assessed by semiquantitative

RT-PCR.10,21 Positive controls for these experiments

included cells treated with PMA and 15d-PGJ2. As shown

in Fig. 1(b), a 2-day treatment with 5 mM RA, as well as with

10 mM 15d-PGJ2, caused a marked increase in steady-state

levels of CD36 mRNA. Changes induced by RA were found

to be rapid; THP-1 cells exposed to RA for less than 24 hr

showed a significant increase in the levels of CD36 mRNA

while maximum stimulation occurred after 2 days of treat-

ment (data not shown). As with surface protein expression,

the highest levels of CD36 mRNA were obtained after

combination treatment with RA and 15d-PGJ2 (Fig. 1b,c).

Figure 2(a) illustrates the time-dependent nature of

this RA effect; culturing THP-1 cells with 5 mM RA resulted

in an induction of CD36 protein beginning at 12 hr of

treatment, and reached maximum levels after 48–72 hr. No

further increase of CD36 was seen after 72 hr of treatment.

As shown in Fig. 2(b), a significant increase in protein

expression of CD36 was first observed at a RA concentra-

tion of 0.001 mM and a maximal increase was seen at

5–10 mM RA. No further increase in the presence of higher

concentrations of RA was found. Unlike cultures with PMA

where the cells became substrate adherent and took on

the morphological features of macrophages (flattened

morphology with multiple pseudopod formation), treat-

ment with RA produced no apparent differentia-

tion changes and cells remained non-adherant (data not

show). These results support the finding of Zhu et al. who

observed that 9-cis RA also did not induce differentiation

of THP-1 cells.22

Expression and up-regulation of PPARc

Expression of PPARc mRNA in THP-1 cells following

different treatment protocols was assessed by RT-PCR.

Figure 3 demonstrates that cells treated for 1 day with

15d-PGJ2 (10 mM) as well as with RA (5 mM) showed

up-regulation of PPARc mRNA levels. A further increase

of PPARc expression was observed when RA was combined

with 15d-PGJ2. These results extend previous reports

Figure 1. Induction of CD36 protein and mRNA in THP-1 cells.

Cells were cultured for 48 hr in the compounds as indicated or

solvent control (Con). CD36 surface protein was measured by flow

cytometry (a). In control cells (a, top left), the filled area indicates

isotope control immunoglobulin as fluorescence background; the

unfilled area represents specific staining with anti-CD36 mono-

clonal antibody. Cell surface staining of CD36 for all other

treatment conditions is represented graphically by the filled areas.

There were no significant differences in isotype control staining

between treatment conditions. CD36 mRNA levels were assessed

by RT-PCR (b) using CD36 and GAPDH primers. GAPDH

mRNA expression was used as an internal control for normal-

ization purposes. (c) represents the meantSE CD36/GAPDH

mRNA levels of at least three independent experiments; * indicates

significant differences as compared to the solvent control while

** indicates significance between combination treatment and

treatment with RA or 15d-PGJ2 alone (P<0.05).
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demonstrating the ability of 9-cis RA and 15d-PGJ2 to

up-regulate PPARc in THP-1 cells.22

RA induction of CD36 is not mediated through

the PPARc-signalling pathway

As shown above, RA induces both CD36 and PPARc
expression in THP-1 cells. Since CD36 is known to be

regulated through PPARc activation,23 this finding sup-

ported the contention that induction of CD36 by RA is

caused by up-regulation of PPARc. We addressed this

possibility in a series of experiments utilizing specific

PPARc antagonists and other culture protocols that

would prevent PPARc signalling. As expected, while the

PPARc antagonist GW9662 alone (20 mM) had no effect

on CD36 protein or mRNA levels in THP-1 cells (Fig. 4),

it completely blocked its induction as assessed by both

these criteria when the cells were treated with the PPARc

ligand 15d-PGJ2. In contrast, GW9662 only showed a

slight inhibition of RA-induced CD36 expression; about

23% inhibition in the case of surface expression as assayed

by flow cytometry and 25% inhibition in the case of

mRNA levels as assessed by semiquantitative RT-PCR.

The culture medium of normally passaged THP-1 cells

and in the experiments described above included RPMI-

1640 plus 10% fetal calf serum. Both FBS and RPMI-1640

contain ligands for PPARc, for example, low-density

lipoprotein (LDL) and fatty acids in the former and

Figure 2. Time and dose dependency of RA effect on CD36 surface

protein level. THP-1 cells were cultured for various periods of time

as shown in the presence of 5 mM RA (a), or for 48 hr in various

concentrations of RA as indicated (b), then the CD36 surface

protein levels were assessed by flow cytometry. All filled areas

indicate cell surface staining of CD36 with anti-CD36 monoclonal

antibody. Isotype control as fluorescence background is not shown.

Figure 3. Effect of RA on PPARc mRNA levels. Total RNA was

isolated from THP-1 cells cultured for 24 hr with PMA (100 nM),

15d-PGJ2 (10 mM), RA (5 mM), 15d-PGJ2 (10 mM)+RA (5 mM), or

solvent control, then subjected to RT-PCR analysis using PPARc

and GAPDH primers (a). GAPDH mRNA expression was used

as an internal control for normalization purposes. The bar graph

(b) represents the meantSE PPARc/GAPDH mRNA levels of

at least three independent experiments. * indicates significant

differences as compared to the solvent control while ** indicates

significance between combination treatment and single treatment

values (P<0.05).

Figure 4. The effect of PPARc antagonist on CD36 protein and

mRNA levels. The cells were cultured for 48 hr in the compounds as

indicated. CD36 surface protein was measured by flow cytometry

(a), with the filled areas representing specific staining with anti-

CD36 monoclonal antibody. Isotype control immunoglobulin

as fluorescence background is not shown. CD36 mRNA levels

were assessed by RT-PCR (b) using CD36 and GAPDH primers.

GAPDH mRNA expression was used as an internal control for

normalization purposes. The bar graph (c) represents the meantSE

CD36/GAPDH mRNA levels of at least three independent

experiments. * indicates significant differences as compared to the

solvent control while ** indicates significance between combination

treatment and treatment with RA or 15d-PGJ2 alone (P<0.05).
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para-aminobenzoic acid in the latter. Since it has been

shown that PPARc-mediated gene activation requires

liganded receptors,6,23 we determined whether up-regulation

of CD36 by RA (5 mM) could be accomplished in Hanks’

balanced salt solution (i.e. whether RA induction could be

accomplished in the complete absence of any possible

PPARc ligands). Our results demonstrated that RA

markedly increased CD36 surface protein (mean fluores-

cence intensity) and CD36 mRNA levels as compared to

untreated controls under these conditions (data not show).

RA induction of CD36 is mediated through both RAR and

RXR and is not dependent on PKC activation

Recent studies have shown that multiple methods of

inducing CD36 in human monocytes, such as treatment

with oxidized LDL, 15d-PGJ2 and IL-4, utilize a common

signalling pathway dependent on both PKC and PPARc.

To determine whether PKC activity is required for

RA-induced expression of CD36 mRNA, we evaluated

expression of CD36 mRNA in THP-1 cells after treatment

with RA (5 mM) alone, or in combination with the PKC

inhibitor CAL.16 In these experiments, the cells were

preincubated with CAL for 20 min prior to the addition

of RA. Cells treated with PMA were used as positive

controls for showing the effectiveness of blocking PKC-

dependent activation of CD36 by this PKC inhibitor.

Figure 5 shows a marked reduction in the levels of CD36

induced by PMA when the cells were co-treated with CAL

(0.5 mM) for 24 hr. In contrast, RA up-regulation of CD36

expression was only marginally affected by CAL.

RA can isomerize in vitro to 9-cis RA, the natural

ligand for RXR which is the heterodimeric partner of

PPARc.24 Work by Zhu et al.22 and others25 has demon-

strated that 9-cis RA can synergize with PPARc ligands in

the activation of PPARc–RXR heterodimers for induction

of PPARc-sensitive genes. Thus, it is possible that treatment

with RA could interact with PPARc signalling through

cross-talk mediated by 9-cis RA-liganded RXR. In order

to delineate RAR versus possible PPARc/RXR-mediated

effects of RA on CD36 expression and inhibition by

CAL, cells were treated with the synthetic RAR and RXR

ligands, TTNPB and LG153, respectively.26 As shown in

Fig. 5, both TTNPB and LG153 effectively up-regulated

CD36 mRNA levels in THP-1 cells. However, CD36

induction by these two ligands was differentially affected

by the PKC inhibitor; while CAL had no significant

effect on the ability of TTNPB to increase CD36 (21.5%

inhibition), LG153-induced increases were inhibited by

more than 60%. Similar effects by TTNPB and LG153

were seen on CD36 surface protein levels on THP-1 cells

(data not shown).

DISCUSSION

Despite the existence of a substantial amount of data

documenting CD36 expression in a variety of cell types,

only scant information is available on the mechanisms

underlying its regulation. Unlike the LDL receptor,

CD36 is not subject to negative regulation by high levels

of intracellular cholesterol. On the contrary, binding by at

least one of its ligands, oxLDL, can induce the expression of

this receptor.5,7 The mechanism of this induction has been

shown to be mediated by PPARc. It has been demonstrated

that induction of CD36 by IL-4 and PKC activators

(e.g. diacylglycerol) are also PPARc dependent.16 Recent

findings indicated that down-regulation of CD36 by

transforming growth factor-b1 (TGF-b1) and TGF-b2

was also mediated through the PPARc-signalling pathway

by alteration of PPARc phosphorylation.6 Finally, it

has been demonstrated that a variety of specific PPARc

ligands can, by themselves, up-regulate CD36 indicating

that activation of PPARc is sufficient for inducing surface

protein expression and mRNA levels of this scavenger

receptor.6,16 Thus, it appears that a variety of divergent

physiological and pharmacological agents utilize a common

pathway involving PPARc to modulate CD36 expression.

Our studies have confirmed and extended the observa-

tions by Wuttge et al.9 that RA can up-regulate CD36

surface expression and mRNA levels in human monocytes.

Unlike other methods of CD36 regulation that have been

described, our findings indicate that this RA-mediated

induction is largely independent of PPARc signalling: (1)

RA remained a potent inducer of CD36 surface protein

and mRNA expression in the complete absence of any

possible ligands for PPARc; (2) a PPARc antagonist

(GW9662) only marginally inhibited RA induction of

CD36; and (3) RA-mediated up-regulation of CD36 was

not dependent on PKC activity as are PPARc-dependent

mechanisms of action.5 Our data indicated that the greatest

expression of CD36 occurred following combination treat-

ment with RA plus the natural PPARc ligand 15d-PGJ2,

further supporting a contention of non-coincidental path-

ways of action for these compounds. Wuttge et al.9 showed

similar co-operation between RA and oxLDL in the

induction of CD36 on primary peripheral blood monocytes.

Our studies with the RAR- and RXR-specific ligands

TTNPB and LG153, respectively, indicated that both

RAR- and RXR-mediated pathways can be involved in

Figure 5. RAR, RXR ligand regulation of CD36 mRNA levels in

the presence of calphostin C. Total RNA was isolated from cells

cultured for 48 hr with the indicated compounds or solvent control,

then subjected to RT-PCR analysis using CD36 and GAPDH

primers (a). GAPDH mRNA expression was used as an internal

control for normalization purposes. The bar graphic (b) represents

the meantSE CD36/GAPDH mRNA levels of at least three

independent experiments. * indicates significant differences as

compared to the solvent control while ** indicates significance

between combination treatment and treatment with PMA or LG153

alone (P<0.05).
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CD36 regulation. Since ligands to RXR (e.g. 9-cis RA) have

been shown to synergize with PPARc ligands in activating

the PPARc–RXR dimer complex,27 it is possible that

LG153 induction of CD36 reflects enhanced signalling

through the PPARc–RXR pathway. This contention is

supported by the fact that LG153-induction of CD36 was

inhibited by the PKC inhibitor CAL, as was induction by

PPARc ligands. In contrast, induction by the specific RAR

ligand TTNPB was not affected by CAL, suggesting that

the RAR-mediated signalling pathway is the component of

RA induction that is PPARc and PKC independent.

The molecular mechanism of CD36 transcriptional

activation by RA is unknown. Armesilla and Vega28 delin-

eated the structural organization of the CD36 gene, which

revealed the presence of a TATA box located 28 bp

upstream from the transcription initiation site. In later

work, these investigators also defined CD36 gene regions

and identified transcription factors that are important for

the expression of CD36 in monocyte/macrophage cells.29

Their data demonstrated that the transcription of the CD36

gene in monocytic cell lines is mainly controlled by its

proximal promoter region and that transcription factors

belonging to the polyomavirus enhancer-binding protein2

(PEBP2) family play a major role in the transcriptional

regulation of CD36. Interestingly, it has been shown that

members of this PEBP2 family of transcription factors

can be up-regulated by RA in F9 mouse teratocarcinoma

cells.30 Although similar studies in other cell types have

not been reported, these findings suggest that one mechan-

ism of RA induction of CD36 in human monocytes is

through up-regulation of PEBP2.

In addition to macrophages, CD36 is found on platelets

and microvascular endothelial cells in some organs, such

as the liver.1,6,19 Monocytes from humans genetically

deficient in CD36 have a decreased capacity to take up

oxLDL31 and this scavenger receptor has been shown to

be required for atherogenesis in mice.32 These findings

incontrovertibly link CD36 to the pathogenesis of athero-

sclerosis. Because of this link, the induction of CD36 by

RA might be considered as evidence that retinoid signalling

is involved in atherosclerosis and that treatment with

RA could hasten atherogenesis. This argument has been

proposed by Wuttge et al.9 and was supported by their

demonstration of retinoid ligands and RA receptors in

human atherosclerotic plaques. However, atherosclerosis is

a complex syndrome with multiple factors that may be

affected by CD36 function. This fact is emphasized by the

finding that no correlation has been seen between CD36

induction in vivo, and atherogenesis.33 Indeed, induction of

CD36 by treatment of mice with PPARc ligands has shown

a net reduction (rather than increase) of atherosclerosis.33

How might this be explained? First of all, pharmacological

methods for up-regulating CD36 are not specific. For

example, PPARc has been determined to differentially

regulate various macrophage-expressed scavenger receptors

and functions.34,35 Thus, PPARc ligands can suppress the

induction of SR-A by phorbol esters while at the same time

promoting the expression of CD36.34 Another possibility is

that CD36 expression is not ordinarily rate-limiting in the

development of foam cells; while CD36 is required for foam

cell formation, there is no evidence that increased expression

of CD36 can further accelerate this process. It is more

probable that levels of LDL cholesterol or the conversion to

oxLDL limit the rate of foam cell development. In this

regard, it is worth noting that PPARc ligands induce CD36

in multiple tissues, including fat. Hence, the removal of

oxLDL from the circulation into CD36-rich adipose or

other tissues may provide a net total benefit on atherogen-

esis that is not counteracted by elevated CD36 in macro-

phages. The fact that heterozygous LDL receptor knockout

mice are protected from atherosclerosis by overexpression

of CD36 in the liver demonstrates the validity of this idea.36

Future studies will determine the ability of retinoids to

modulate CD36 expression in multiple cell types and tissues

in order to appreciate fully their potential benefits and

risks as compounds for altering immunological and

atherosclerotic events.
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