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Cluster of differentiation 36 (CD36) is a cell surface scavenger receptor that plays critical roles in many different
types of cancer, notably breast, brain, and ovarian cancers. While it is arguably most well-known for its fatty acid
uptake functions, it is also involved in regulating cellular adhesion, immune response, and apoptosis depending on

the cellular and environmental contexts.

tumor microenvironment lipid metabolism cancer stem cells

| 1. Introduction

The CD36 mRNA codes for a 472-amino-acid-long protein. However, the mature CD36 protein is 471 amino acids
long due to loss of the initiator methionine . The majority of the CD36 protein resides in an extracellular region
(Gly30-Asn439), anchored to the plasma membrane by two transmembrane domains at the N- and C-terminal
ends (Gly8-Val29 and Leu440-lle461). The extracellular domain contains two large hydrophobic binding pockets,
which are essential for the uptake of fatty acids (FAs) and oxidized low-density lipoproteins (oxLDLSs). Although only
17 amino acids of CD36 protein are cytoplasmic (Gly2-Cys7 and Ser462-Lys472), these residues are critical for
CD36 maturation and signaling activity. As detailed below and in Figure 1, CD36 is a heavily post-translationally

modified protein.
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Figure 1. Post-translational modifications of CD36. Several post-translational modifications have been
described for CD36 including N-linked glycosylation (N), O-GIcNAcylation (O), ubiquitination (U), palmitoylation
(Pa), phosphorylation (Ph), acetylation (A), and disulfide bonds (S-S). The CLESH domain (93-120) of CD36 plays
a critical role in the interaction with thrombospondins. Lys164 is known to be the binding site of FAs, oxLDLs, and
the CD36 inhibitor sulfo-N-succinimidyl oleate (SSO).

| 2. Glycosylation

Although the predicted size of the CD36 protein is 53 kDa based on its amino acid composition, the observed
molecular weight across tissues is often ~88 kDa due to glycosylation. N-linked glycosylation is a critical post-
translational modification required for the maturation, stabilization, and proper trafficking of most cell surface
proteins. CD36 harbors 10 potential N-linked glycosylation sites, which are all located in its extracellular domain. A
mutagenesis study has demonstrated that when all 10 asparagine residues are mutated to glutamines, CD36 is
retained in the cytoplasm and is unable to localize to the cell surface [&. Notably, no single residue alone is solely
responsible for determining the trafficking fate of CD36. In fact, the glycosylation pattern required for cell surface
localization seems to be flexible due to a degree of functional redundancy in these residues. For instance, the
restoration of either the first seven glycosylation sites (Asn79, Asn102, Asn134, Asn163, Asn205, Asn220, and

Asn235) or the last three glycosylation sites alone (Asn247, Asn321, and Asn417) was sufficient to partially rescue
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CD36 cell surface localization [&. However, the greatest degree of rescue could be seen when all 10 glycosylation

sites were restored 2. Importantly, N-linked glycosylation of CD36 does not appear to affect ligand binding .

O-linked-N-acetylglucosaminylation (O-GIcNAcylation) is another form of glycosylation that involves the addition of
the sugar moiety N-acetylglucosamine (GIcNAc) with serine or threonine residues of proteins. It was recently
reported that CD36 harbors two potential O-GlcNAcylation sites on Ser468 and Thr470 Bl. O-GIcNAc Transferase
(OGT) and O-GIcNAcase (OGA) are the endogenous enzymes that catalyze the addition and removal of O-GIcNAc
from proteins, respectively. The pharmacologic inhibition of OGA was recently shown to activate the NF-kB
pathway in gastric cancer cells to markedly induce CD36 transcription, as well as increase the O-GIcNAcylation of
CD36 protein B, The O-GlcNAcylation of CD36 subsequently enhanced cellular FA uptake and promoted
metastasis of gastric cancer models 2. Interestingly, the high expression level of both CD36 and OGT predicted a
worse clinical outcome in gastric cancer patients &l Although the O-GIcNAcylation of CD36 has also been reported
in cardiomyocytes 4, it remains unclear how prominent role O-GlcNAcylation plays to regulate CD36 functions in

other cell types and cancers.

| 3. Ubiquitination

Lys469 and Lys472 are the only lysine residues within the CD36 intracellular domain, and both have been
previously identified as critical poly-ubiquitination sites that target CD36 protein for proteasomal degradation &. In
myoblast cells, FA binding induces CD36 poly-ubiquitination, thereby destabilizing the protein and reducing cellular
FA uptake B Interestingly, insulin exhibits the opposite effects in this model and stabilized CD36 to further
enhance FA uptake Bl. However, the relevance of these studies in the setting of cancer is unclear since dietary FA
supplementation has been shown to increase the CD36 expression level, which then promotes tumor growth and
metastasis in xenograft models of oral squamous cell carcinoma &, cervical [Z, and gastric cancers [Bl. Moreover,
co-culture studies have revealed that omental adipocytes can induce the expression of CD36 in ovarian cancer
cells to facilitate the uptake of adipocyte-derived FAs into cancer cells, promoting tumor growth and enhancing

metastasis 8. Therefore, CD36 levels in cancer cells may not be primarily regulated via FA-induced degradation.

At present, Parkin is the predominant E3 ubiquitin ligase known to promote the degradation of the CD36 protein. In
mice, hepatic levels of Parkin were demonstrated to be elevated by a high-fat diet, which resulted in stabilizing
CD36 protein via mono-ubiquitination [2!. However, a recent study reported that Parkin knockout mice exhibited no
difference in CD36 protein levels in the brain 19, On the other hand, it was demonstrated that the deletion of the
master regulator of energy homeostasis, AMPK, promoted Parkin-mediated poly-ubiquitination and the degradation
of CD36 in intestinal epithelial cells 1. Therefore, the role of the Parkin-mediated regulation of CD36 appears to
be largely context- and tissue-specific. The action of E3 ubiquitin ligases is counteracted by deubiquitinating
enzymes, deubiquitinases, which stabilize the substrate proteins by removing ubiquitin. Three deubiquitinases are
known to stabilize CD36 protein in macrophages: USP10 12, USP14 28] and UCHL1 24l All in all, whether Parkin,
USP10, USP14, or UCHLL1 plays a role in the regulation of CD36 protein stability in cancer cells remains poorly

understood.
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| 4. Palmitoylation

CD36 contains four intracellular cysteine residues, which are all known palmitoylation sites (Cys3, Cys7, Cys464,
and Cys466) 13, Interestingly, the maturation of palmitoylation-deficient CD36 mutant protein was markedly slower
as compared to that of the wildtype, CD36 [18l. Additionally, the mutant CD36 also exhibited a shorter protein half-
life, as well as a defect in incorporation into lipid rafts, which impairs its ability to import oxLDLs 8. Strikingly,
another study has also demonstrated that the loss of each of the four palmitoylation sites is sufficient to abrogate
insulin or the AMPK-activation-induced cell surface localization of CD36, suggesting that all four palmitoylation
sites are critical for this process 7. Recently, the palmitoyl acyltransferases, DHHC4 and DHHCS5, were identified
to play indispensable roles in CD36 maturation 18, DHHC4 palmitoylates synthesized CD36 in the Golgi, and the
silencing of DHHC4 expression alone blocked nearly all CD36 cell surface localization. In addition, DHHC5
functions at the cell surface and helps stabilize CD36 by preventing depalmitoylation [2&]. Lastly, two recent studies
have independently reported that CD36 acylation/deacylation and glycosylation/deglycosylation are critical steps
that govern both the uptake of extracellular FAs, as well as the trafficking of CD36 to/from lipid droplets during
lipolysis in adipocytes 191201 Therefore, the palmitoylation of CD36 plays a critical role in its protein functions as an

FA/oxLDL transporter.

| 5. Other Post-Translational Modifications

While glycosylation and palmitoylation are critical for CD36 maturation, phosphorylation plays a role in the
regulation of ligand binding and FA uptake, as well as signal transduction activity. CD36 has two known
phosphorylation sites in its extracellular domain, Thr92 and Ser237, which are phosphorylated using PKC and
PKA, respectively (21122 |t was shown that Thr92 phosphorylation using PKC can take place intracellularly before
trafficking to the cell surface [28l. Under basal conditions in melanoma cells, CD36 is predominantly non-
phosphorylated and presumed to be active 23, The treatment of these cells with a PKC activator resulted in an
increase in the rates of CD36 phosphorylation and the concomitant reduction of TSP-1 peptide binding, which
consequently abolished the ligand-induced recruitment of SRC to CD36 [23]. Likewise, it was shown that treatment
with a PKA inhibitor peptide reduced the rate of palmitate uptake into the platelets 24l In contrast to Thr92
phosphorylation using PKC, however, the role and the mechanism of Ser237 phosphorylation using PKA remain
poorly characterized to date. It has been shown that PKA can function at the cell surface and phosphorylate the
extracellular domain of CD36 22, However, this does not rule out the possibility of the intracellular phosphorylation
of CD36 using PKA prior to trafficking to the plasma membrane. Importantly, an earlier study reported that PKA
could phosphorylate CD36, but less efficiently than PKC 211,

The acetylation of human CD36 has been described for Lys52, Lys16, Lys231, and Lys403 23, The acetylation of
Lys166 may impact the FA uptake activity of CD36 since acetylated Lys166 and FA-bound Lys164 have not been
found on the same protein in mass spectrometry experiments 22, However, the functional significance and

prevalence of CD36 acetylation in cancer remain uncharacterized.
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The extracellular domain of CD36 harbors three disulfide bonds that are critical for its structure. Interestingly, the
Cys272-Cys333 disulfide bond in CD36 was shown to be cleavable using hydrogen sulfide (H,S), and the loss of
this specific motif enhanced FA uptake and metastasis of gastric cancer cells 28, The translatability of this finding

to other cancer types and models requires further study.

| 6. Transcriptional Regulation of CD36

In addition to the regulation of CD36 maturation, trafficking, activity, and stability via post-translational
modifications, CD36 is also regulated at the transcriptional level. Many transcription factors have been shown to
regulate CD36 expression, including PPARYy (2728129 | xR [28] pXR [28 C/EBPa 29, STAT3 B3 HiF1g BIE]
sox2 Bl and NF-kB B8, Some of these transcription factors are known to play a role in human diseases,
including cancer. For instance, the activation of NF-kB could trigger lipid metabolic rewiring in ovarian cancer cells,
thereby activating a transcriptional program that leads to increased CD36 expression, which in turn can be critical
for ovarian cancer survival and metastasis . Interestingly, Protein Kinase D1 (PKD1) is known to be a potent
activator of NF-kB [B8I34 and it is often aberrantly activated in cancer 3338 PKD1 signaling has been
demonstrated to mediate the induction of CD36 to facilitate the maintenance of a stem-like phenotype in pancreatic
neuroendocrine tumors B8, The transcriptional upregulation of CD36 has been well documented in other cancers.

However, transcription factors responsible for CD36 upregulation in cancer are largely unknown.
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