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ABSTRACT Acute myeloid leukemia (AML) is a devastating hematologic malignancy that

affects the hematopoietic stem cells. The 5-year overall survival (OS) of patients
with AML is less than 30%, highlighting the urgent need to identify new therapeutic targets. Here,
we analyze gene expression datasets for genes that are differentially overexpressed in AML cells
compared with healthy hematopoietic cells. We report that apolipoprotein C2 (APOC2) mRNA is
significantly overexpressed in AML, particularly in patients with mixed-lineage leukemia rearrange-
ments. By multivariate analysis, high APOCZ2 expression in leukemia blasts is significantly associated
with decreased 0S (HR: 2.51; 95% Cl, 1.03-6.07; P=0.04). APOC2 is a small secreted apolipoprotein
that constitutes chylomicrons, very-low-density lipoproteins, and high-density lipoproteins with other
apolipoproteins. APOC2 activates lipoprotein lipase and contributes to lipid metabolism. By gain and
loss of function approaches in cultured AML cells, we demonstrate that APOC2 promotes leukemia
growth via CD36-mediated LYN-ERK signaling activation. Knockdown or pharmacological inhibition
of either APOC2 or CD36 reduces cell proliferation, induces apoptosis in vitro, and delays leukemia
progression in mice. Altogether, this study establishes APOC2-CD36 axis as a potential therapeutic
target in AML.

SIGNIFICANCE: The majority of patients with AML die within five years of diagnosis. We reveal that
lipid transporter APOC2 is elevated in AML and promotes leukemic cell metabolism and growth via

CD36, and provide preclinical evidence that targeting this pathway may be beneficial in AML.

INTRODUCTION

Acute myeloid leukemia (AML) is a devastating hemato-
logic malignancy that occurs in patients of all ages, but is
more common in older adults (1, 2). Certain cytogenetic and
molecular genetic mutations have been implicated in the
pathogenesis of AML, resulting in abnormal proliferation
and differentiation of what are called myeloid blasts. Even
with treatment, S-year survival is only 35% to 40% among
younger patients and 5% to 15% among older patients (3),
highlighting the urgent need for new therapeutic targets. To
screen for genes that are differentially upregulated in AML,
we compared gene expression profiles from multiple public
datasets on Oncomine. We found that apolipoprotein C2
(APOC2) was significantly upregulated in AML cells com-
pared with that in healthy hematopoietic cells.

The APOC2 gene clusters with other apolipoprotein genes
on chromosome 19 (q13), a known translocation hotspot
in AML and a gene-rich region that includes the AKT2,
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TGFB1, and KMT2D genes (4). APOC2 is expressed mainly
in the liver, and then secreted into the plasma where it
binds lipids and lipoprotein lipase. APOC2 also participates
in hydrolysis of very-low-density lipoproteins (VLDL) and
high-density lipoproteins (HDL; ref. 5), thus facilitating
energy delivery and storage (6). In addition to its hepatic
expression, APOC2 is also expressed in macrophages to
enhance the delivery of lipids and energy to these highly
metabolic myeloid cells (7). APOC2 is known for its role in
lipid metabolism, acting as a physiologic activator of lipo-
protein lipase (LPL) by guiding lipoproteins to the active
LPL site (8). APOC2 deficiency has been reported to cause
severe hypertriglyceridemia and contribute to cardiovas-
cular diseases (9); to our knowledge, no study to date has
shown a role of APOC2 in cancer.

Myeloid leukemia cells are expected to exhibit higher
energy requirements than their healthy myeloid counterparts
to satisfy their increased proliferation potential. Thus, we
hypothesized that the upregulation of APOC2 plays a role
in maintaining the metabolic needs of leukemic cells. Here,
we characterize APOC2 upregulation in AML and analyze its
association with patients’ clinical and molecular character-
istics. We also demonstrate the functional and mechanistic
role of APOC2 in AML cells and in AML xenograft murine
models. Our study establishes APOC2 as a novel therapeutic
target in AML acting via the CD36-ERK signaling pathway.

RESULTS

APOC2 Is Hypomethylated and Upregulated in AML
and Is Associated with Poor Clinical Outcomes

We found that APOC2 was consistently expressed at a
significantly higher level in samples from patients with AML
than in control samples. In the GSE13159 dataset, APOC2
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Figure 1. APOC2is upregulated in AML and associated with poor clinical

outcomes and promotes leukemia growth in vitro. A, The relative expres-

sion of APOC2 in: 542 AML cases compared with 74 healthy donors in the GSE13159 dataset; 257 AML cases compared with 58 healthy donors in the
GSE13164 dataset; 285 AML cases compared with eight healthy donors in the GSE1159 dataset; and 23 AML cases compared with six healthy donors in
the GSE7186 dataset (compared by Mann-Whitney tests). B, Comparisons of APOC2 methylation beta values between normal HSC and CD34+CD38cells

(LSCs) from patients with AML (unpaired t tests). C, Patients in TCGA datase

t dichotomized into high (Z>1) or low (Z < 1) groups according to their APOC2

mRNA expression Z-score (RNA Seq V2 RSEM). Patients with high APOC2 levels had significantly shorter OS than patients with low APOC2 expression
(median OS 6 vs. 17.4 months, P=0.0006). D, The relative expression of APOC2 comparison between patients with and without MLL-rearrangements
from GSE13159 and GSE17855 (compared by Mann-Whitney tests). E, APOC2 methylation beta value comparison between patients with and without

MLL-rearrangements (unpaired t-test, P=0.0035). F, Expression of APOCZ2 i

n AML patients with APOC2 hypomethylation (8 <0.2) and hypermethylation

(3>0.8). G, Cell proliferation assays in MOLM-13, THP-1, and U937 cells transduced with control or APOC2 overexpression lentiviral particles (compared
by two-way ANOVA). H, Western blot analysis of APOC2 overexpression in AML cell lines. I, Viability assays for the growth of AML patient primary blasts

transduced with either APOC2 or control lentiviral particles (compared by un

paired t tests). J, Colony formation unit (CFU) assays in AML patient primary

blasts transduced with either APOC2 or a control vector (compared by unpaired t tests). K, Western blot analysis of APOC2 overexpression in primary
patient samples showing APOC2 bands in the supernatant and cell pellet of blasts transduced with APOC2 lentiviral particles compared with control trans-

duced blasts. (****, P <0.0001;** P<0.001;** P<0.01;* P<0.05; ns, not si

mRNA was significantly overexpressed in 542 AML patient
samples compared with 74 healthy peripheral blood mono-
nuclear cells (PBMC) samples (2.9-fold, P < 0.0001). In the
GSE13164 dataset, APOC2 mRNA was significantly higher
in 257 AML samples compared with 58 healthy PBMC sam-
ples (1.7-fold, P < 0.0001). Consistently, APOC2 mRNA was
upregulated in 285 AML samples compared with eight con-

gnificant).

trol samples in the GSE1159 dataset (6.0-fold, P < 0.0001). In
the GSE7186 dataset, APOC2 exhibited a higher mRNA level
in 23 AML patient samples compared with six normal bone
marrow (BM) samples (32.0-fold, P = 0.0003; Fig. 1A).

To address whether APOC2 upregulation in AML is medi-
ated by epigenetic mechanisms, we compared APOC2 methyla-
tion patterns between patients with AML and healthy controls
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from the GSE63409 dataset (10). We identified CpG sites
within the APOC2 gene that were differentially methylated in
AML leukemia stem cells (LSC, CD34*CD38 cells) relative to
hematopoietic stem cells (HSC; Supplementary Table S1). The
CpG sites corresponding to methylation probes cg25746394,
cg01958934, cg09555818, and cg13119609 showed signifi-
cantly less methylation in LSCs compared with the same loci
in HSCs (Fig. 1B, ¢g25746394, P < 0.0001; cg01958934, P =
0.0016; cg09555818, P < 0.0001; cg13119609, P < 0.0001).

Next, we assessed APOC2 expression according to the French-
American-British (FAB) classification of AML and observed
higher levels of APOC2 in the M3 and M5 FAB subtypes com-
pared with other subtypes (Supplementary Fig. SIA and S1B,
one-way ANOVA, P < 0.0001). We dichotomized patients in The
Cancer Genome Atlas (TCGA) dataset into high (Z > 1) and low
(Z < 1) mRNA expression groups based on their APOC2 mRNA
expression Z-score (RNA Seq V2 RSEM). Patients with high
APOC2 expression had a significantly higher percentage of BM
blasts (median: 89.5% vs. 72%, P = 0.0099) and had a lower per-
centage of peripheral blood blasts (PB median: 0% vs. 40%, P =
0.0033; Supplementary Table S2) than patients with low APOC2.
Five of eight patients in the APOC2 high mRNA expression group
were reported to have no PB blasts compared with 17 of 165
patients in the low APOC2 group (P=0.0009 by Fisher exact test).

For survival analysis, after excluding patients with t(15;17),
we observed that patients with high APOC2 mRNA expres-
sion (Z = 1) had significantly shorter overall survival (OS)
than patients with low APOC2 mRNA expression (median
OS: 6 vs. 17.4 months, P = 0.0006; Fig. 1C). Multivariate
survival analysis using the Cox proportional hazards model
showed that high APOC2 expression (Z > 1) was significantly
associated with decreased overall survival (n = 153 patients,
excluding patients with FAB M3 classification and 4 patients
without cytogenetic risk information; HR: 2.51; 95% CI,
1.03-6.07; P = 0.042) after adjusting for age, transplant sta-
tus, cytogenetic risk, and FLT3 and p53 mutation status (Sup-
plementary Table S3).

APOC2 Overexpression Is Associated
with MLL Rearrangements

Because AML is a heterogeneous disease with distinct
cytogenetic and molecular subtypes, it is crucial to deter-
mine how APOC2 expression levels vary according to cytoge-
netic and mutational status across patients. Our analysis of
AML datasets showed that APOC2 is significantly upregu-
lated in t(11q23)/MLL-rearranged AML. APOC2 mRNA lev-
els were higher in 38 patients with MLL-rearrangements
compared with 504 patients without MLL-rearrangements
in the GSE13159 dataset (Fig. 1D, 9.0-fold, P < 0.0001).
APOC2 mRNA levels were also higher in 47 patients with
MLL-rearrangements compared with 190 patients without
MLL-rearrangements in the GSE17855 dataset (Fig. 1D, 6.6-
fold, P < 0.0001). Similar findings were observed in three
other datasets (Supplementary Fig. S1C, GSE13164, 5.4-fold,
P < 0.0001; TCGA, 9.2-fold, P = 0.0007; GSE1159, 5.1-fold,
P = 0.0006). When we dichotomized patients in the TCGA
dataset into high (Z > 1) and low (Z < 1) expression groups
according to APOC2 mRNA expression Z-scores (RNASeq V2
RSEM), we observed that high APOC2 expression (Z > 1) was
significantly associated with MLL-rearrangements (Supple-

mentary Table S4, Fisher exact test, P = 0.003). Patients with
the FLT3 mutations exhibited higher APOC2 mRNA expres-
sion than patients with wild-type FLT3 (FLT3-WT; Supple-
mentary Fig. S1D, TCGA data; FLT3-ITD vs. FLT3-WT 6-fold,
P =0.013 and FLT3 point-mutation vs. FLT3-WT, 14-fold,
P = 0.035). Similar observation was found in the GSE1159
dataset (Supplementary Fig. S1D). However, the frequency of
FLT3 mutations in patients with high APOC2 (Z = 1) was not
significantly different than that in patients with low APOC2
(Z < 15 25% vs. 28.5%, Supplementary Table S4). In addition,
APOC2 levels were higher in patients with t(15;17) compared
with patients without t(15;17), (Supplementary Fig. SIE,
TCGA, 2.0-fold, P < 0.0001; GSE1159, 2.7-fold, P = 0.004).
There was no significant association between high APOC2
(Z 2 1) and mutations in IDHI, IDH2, RUNX1, DNMT3A, or
NPM1 (Fisher exact test, Supplementary Table S4).

APOC2 upregulation in the MLL-rearrangement AML was
not limited to rearrangements that involved chromosome 19.
This suggested a potential mechanism of epigenetic regula-
tion of APOC2 expression in the MLL-rearrangement AML. To
address this, we compared the methylation levels of APOC2
between patients with MLL-rearrangements and those without
in TCGA dataset. We found that patients with MLL-rearrange-
ments had significantly lower APOC2 methylation B values
compared with patients without MLL-rearrangements (Fig. 1E,
2.0-fold, P = 0.0038). In TCGA data, APOC2 expression level is
significantly higher in the hypomethylation group compared
with the hypermethylation group (Fig. 1F, P < 0.0001). To
further establish the epigenetic regulation of APOC2 expres-
sion, we treated four AML cell lines, MV4-11 and MOLM-
13 (with MLL-rearrangements), and U937 and NB4 (without
MLL-rearrangements) with increasing concentrations of the
hypomethylating agent S-azacytidine (5-Aza). APOC2 mRNA
expression significantly increased in U937 and NB4, but not
in MV4-11 and MOLM-13 (Supplementary Fig. S2A-S2C).
Methylation-specific PCR (MSP) was performed to detect
methylation level in the APOC2 promoter. Amplified bands
for NB4 and U937 cells were stronger than bands for MOLM-
13 and MV4-11 cells, indicating higher methylation level of
APOC2 promoter in NB4 and U937 cells. In accordance with
the mRNA expression level, NB4 and U937 showed decreased
methylation by increasing 5-Aza concentration (Supplemen-
tary Fig. S2D). This further established that the presence of
MLL-rearrangements protects CpG clusters from methylation
within the APOC2 gene.

APOC2 Ectopic Expression Promotes Leukemia
Growth In Vitro

To investigate the functional role of APOC2 in leukemic
cells, we first assessed the level of APOC2 mRNA in a panel
of AML cells by qPCR (Supplementary Fig. S3). We selected
cell lines with low or medium levels of APOC2 expression to
conduct gain-of-function studies. We established an ectopic
lentiviral expression system to generate stable cells with
APOC2 overexpression (OE APOC2). In three different AML
cell lines (MOLM-13, THP-1, and U937), APOC2 overexpres-
sion caused slight, but statistically significant, increases in cell
proliferation compared with controls (OE Ctrl) four and five
days after puromycin selection (Fig. 1G, MOLM-13, 33%-74%,
P < 0.0001; THP-1, 17%-34%, P = 0.002; U937, 33%-50%,
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P =0.003). Overexpression of APOC2 was verified by Western
blot analysis (Fig. 1H). In primary blasts from patients with
AML, overexpression of APOC2 significantly increased cell
growth in six of eight primary blast samples (Fig. 11, means: #1:
4.87 x 10* vs. 33.03 x 10%, P = 0.0005; #3: 1.54 X 10* vs. 4.78 X
104 P = 0.001; #4: 19.73 x 10* vs. 37.07 x 10% P = 0.003; #5:
17.90 x 10* vs. 47.83 x 10%, P < 0.0001; #7: 9.56 X 10* vs. 16.47 X
10, P=0.0008; #8: 18 X 10* vs. 24 x 10%, P=0.021). AML blast
colony-forming cell (CFC) assays showed that APOC2 over-
expression promoted colony-forming ability compared with
controls in 3 of 5 patient samples (Fig. 1], means: #1: 6.67 vs.
28.33, P=0.0004; #3: 4 vs. 12, P=0.0034; #5: 42 vs. 122.30, P=
0.0008). Overexpressed APOC2 protein levels were detected in
both cell lysates and cell culture supernatant (Fig. 1K). Patients’
samples information are listed in Supplementary Table S5.

APOC2 Knockdown Induces Apoptotic Cell Death
in Leukemia Cells

Next, we assessed the effect of APOC2 knockdown on leu-
kemia cells using shRNA lentiviral plasmids. APOC2-shRNA-
infected AML cell lines (MOLM-13, KG-1, and THP-1)
exhibited significant reductions in proliferation compared
with their respective controls, which were transduced with
scramble sequence (Supplementary Fig. S4A-S4E, MOLM-13,
58%, P=0.0036; THP-1, 33%, P=0.014). Because the viability of
the shAPOC2 cells was significantly reduced over time, we were
unable to generate stable cells with APOC2 knockdown after
puromycin selection. We therefore engineered a tetracycline-
on (tet-on) lentiviral plasmid for the inducible expression of
shRNA in which the APOC2 gene was targeted by two different
shRNAs. Consistently, in three cell lines (MOLM-13, THP-1,
and HL60), both shRNAs against APOC2 inhibited cell pro-
liferation compared with the scramble control group, which
further validates that the observed effect is unlikely to be due
to off-target knockdowns (Fig. 2A-C, MOLM-13, 37.7%, P =
0.017; THP-1, 34%, P = 0.017; HL60, 49%, P = 0.00016). The
knockdown of APOC2 mRNA levels was confirmed by qPCR.
The knockdown of APOC2 also inhibited cell proliferation in
AML primary blasts (Fig. 2D, means: #2: 2.7 X 106 vs. 1.07 X 10°,
P=0.0001; #3: 2.74 X 10° vs. 1.98 x 10°, P = 0.0026; #8: 2.26 X
106 vs. 1.69 x 10%, P=0.0007). CFC assays that were performed
in primary blasts obtained from three different patients with
AML showed that the knockdown of APOC2 significantly
decreased the number of colonies (Fig. 2E, means: #2: 83.5 vs.
29.5,P=0.02;#3:100.0 vs. 56.5, P=0.0006; #8: 45.0 vs. 23.0, P=
0.004). The efficiency of the APOC2 knockdown was measured
by qPCR (Fig. 2F). Moreover, Annexin V and PI staining analy-
sis by flow cytometry showed that the APOC2 knockdown in
MOLM-13 and THP-1 cells increased the population of late
apoptotic cells on post viral transduction day 9 and day 4,
respectively, compared with the respective controls (Fig. 2G,
MOLM-13: shCtrl vs. shAPOC2, live cells, 75.71% vs. 53.06%,
P = 0.008; late apoptotic cells, 19% vs. 37.24%, P = 0.007; Fig.
2H, THP-1: shCtrl vs. shAPOC2, live cells, 86.35% vs. 63.3%,
P =0.003; late apoptotic cells, 5.59% vs. 19.55%, P = 0.0387).

APOC2 Cooperates with CD36 to Promote
Leukemia Growth

Fibrillar APOC2 was previously found to both interact
with CD36 and trigger downstream pathways in atheroscle-

rosis (11). To test whether the action of APOC2 is similar in
AML, we first performed immunofluorescence microscopy
to identify colocalizations of APOC2 and CD36 in HEK
293T cells. Both the confocal pictures and quantitative data
showed mCherry-CD36 colocalized with APOC2-GFP but
not empty-GFP (Fig. 3A-D, yellow area/mCherry area, 2.4-
fold, P = 0.0053; yellow area/GFP area, 2.2-fold, P = 0.005),
indicating that APOC2 and CD36 are colocalized. The physi-
cal interaction between APOC2 and CD36 was further con-
firmed by coimmunoprecipitation, showing that APOC2 was
pulled down by flag-tagged CD36 (Fig. 3E). Then, we exam-
ined the effect of CD36 gain or loss of function in AML cells
by utilizing the tetracycline-on lentiviral system for inducible
expression of CD36 shRNAs (shCD36) and lentiviral system
for CD36 overexpression (OE CD36). Similar to the effect of
APOC2 knockdown, CD36 knockdown inhibited cell prolif-
eration in both THP-1 and MOLM-13 cells (Fig. 3F and G;
THP-1, 37.4%, P = 0.0096; MOLM-13, 40.8%, P = 0.0175).

To determine whether CD36 cooperates with APOC2 to
enhance cell proliferation, we conducted ectopic expres-
sion for either APOC2 or CD36, alone or combined (OE
APOC2+CD36) in THP-1 and MOLM-13 cells. We found that
OE APOC2+CD36 cells have significantly greater increase in
proliferation compared with OE APOC2 or OE CD36 cells
(Fig. 3H and I). We also transduced CD34" cord blood cells
with empty vector, APOC2, CD36 or the combined lentivi-
ral particles. Assessment of cell count showed significant
increase in the number of viable cell in CD34* cells trans-
duced with both APOC2 and CD36 compared with OE Ctrl
cells and cells transduced with either APOC2 or CD36 lenti-
viral particles alone at day 7 post transduction (Fig. 3], 30%
increase, P = 0.0012). OE APOC2 or OE CD36 resulted in
only slight increase in cell proliferation. Overexpression was
confirmed by Western blot analysis (Fig. 3K).

To assess whether CD36 expression is specific to the leuke-
mia stem cell fraction, we used the GSE30377 dataset to com-
pare CD36 mRNA levels in AML cells from 23 patients that
were sorted into the following populations: CD34*CD38",
CD34*CD38", CD34 CD38", and CD34 CD38*. CD36 mRNA
levels were not significantly different among the groups (Sup-
plementary Fig. SSA). Because high APOC2 level was associ-
ated with poor overall survival, we asked whether high CD36
level is also associated with clinical outcome. When patients
were dichotomized on the basis of CD36 median expression,
high CD36 expression patients had shorter, but not statisti-
cally significant, overall survival (P = 0.114); however, when
patients in TCGA dataset were dichotomized on the basis
of their APOC2 and/or CD36 mRNA expression Z-score into
high (Z-score 22) and low (Z-Score <2), patients with high
APOC2 and/or CD36 levels had significantly shorter OS than
patients with low APOC2 and low CD36 expression (Supple-
mentary Fig. S5B, median OS 9.2 vs. 21.5 months, P=0.017).
To confirm the functional association between APOC2 and
CD36, shAPOC2 or shCD36 cells were transduced with CD36
or APOC2 overexpression viral particles, respectively. Doxycy-
cline induced knockdown of APOC2 or CD36 abolished the
enhanced proliferation induced by ectopic expression of the
partner protein CD36 and APOC2, respectively. Overexpres-
sion and knockdown of APOC2 and CD36 were confirmed
by qPCR (Fig. 3L and M, MOLM-13 KD APOC2/OE Ctrl vs.
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Figure 2. APOC2 knockdown inhibits AML cell survival and induces apoptosis in vitro. Cell proliferation assays in MOLM-13 cells (A), THP-1 cells (B), and
HL60 cells (C) infected with two different tet-on APOC2-shRNAs or control shRNA. The knockdown efficiency of APOC2 was measured by gPCR (compared
by two-way ANOVA). D, Cell viability assay results for the knockdown of APOC2 in primary blasts from patients with AML. E, Colony formation assay results
for the knockdown of APOCZ in AML primary blasts. F, Measurement of APOC2 knockdown in patient blasts by qPCR. G and H, Annexin V and Pl staining levels
were measured by flow cytometry to assess cell apoptosis in MOLM-13 and THP-1 cells infected with APOC2 shRNA or control shRNA. The quantification

of early and late apoptotic cell population changes is presented in the panel on the right. The differences between the groups were analyzed using unpaired
ttests (***, P<0.0001;** P<0.001;**, P<0.01;* P <0.05; ns, not significant).
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Figure 3. APOC2 interacts and cooperates with CD36 to promote leukemia growth. A and B, Confocal microscopy images showing the colocalization
of CD36 and APOC2. 293T cells were cotransfected with mCherry-CD36 and empty-GFP or mCherry-CD36 and APOC2-GFP plasmids and imaged 48
hours later by confocal microscopy. C and D, Quantitative analyses of colocalization area conducted by Imagel. Pictures were taken from ten different
fields for each slide (duplicate slides were used for each condition) and combined results of two different experiments were reported. E, Immunopre-
cipitation (IP) assay demonstrating the interaction between flag-CD36 and APOC2. 293T cells were cotransfected with flag-CD36 and APOC2 plasmids;
flag antibody was used to pull-down CD36; APOC2 antibody was used to detect APOC2 in IP lysates as well as input in Western blot. F and G, Effects of
tetracycline-controlled CD36 knockdown on cell proliferation in THP-1 and MOLM-13 cells. H and I, Effects of ectopic expression of APOCZ2, CD36, and
both on cell proliferation in THP-1 and MOLM-13 cells. J, Viability of CD34* cells ectopically expressing empty vector, APOCZ2, CD36, and both on days 3
and 7. K, The expression level of APOC2 and CD36 was detected by Western blot. L and M, Effects of knocking down APOCZ2 and CD36 on the prolifera-
tion of OE APOCZ2 and CD36 stable cells, respectively. mRNA levels of APOCZ and CD36 changes were confirmed by gPCR. The difference between
groups was analyzed by unpaired t test ( P <0.0001; ** P<0.001;*, P<0.01;* P<0.05; ns, not significant).

KD APOC2/OE CD36, ns; MOLM-13 KD CD36/OE Cttl vs.
KD CD36/OE APOC2, ns). This suggests that both APOC2
and CD36 are required for the enhanced proliferation and the
presence of either protein is not sufficient to rescue the effect
of depleting the other.

Targeting CD36 Function Induces Apoptosis and
Abrogates APOC2 Proleukemic Effects

CD36 is a multifunctional receptor. One main function of
CD36 is fatty acids transportation. We therefore treated AML

cells with sulfo-N-succinimidyl oleate sodium (SSO), the irre-
versible inhibitor of CD36 for fatty acid translocation (12), to
assess whether blocking fatty acids transportation causes a
similar effect to that of CD36 knockdown. SSO at 50 umol/L
and 100 umol/L concentrations induced apoptosis 24 hours
post-treatment, and the proportion of living cells decreased
significantly in treated cells (Fig. 4A and B, THP-1 cells: early
apoptosis: 10.2% vs. 38.6% for DMSO vs. 50 umol/L SSO,
respectively, P = 0.027; 10.2% vs. 36.2% for DMSO vs. 100
umol/L SSO, respectively, P = 0.029; Supplementary Fig. S6A,
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MOLM-13 cells: 6.6% vs. 18% for DMSO vs. 50 pmol/L SSO,
respectively, P = 0.05; 6.6% vs. 17.8% for DMSO vs. 100 pmol/L
SSO, respectively, P = 0.023). This apoptotic effect was tran-
sient, however, and disappeared 48 hours posttreatment (Sup-
plementary Fig. S6B-S6D).

THP-1 and MOLM-13 cells both express relatively high lev-
els of CD36. We therefore treated THP-1 and MOLM-13 cells
ectopically expressing APOC2 or their respective controls with
CD36-blocking antibody (2 ug/mL). Both groups of cells exhib-
ited a significant decrease in cell proliferation four days post
incubation with the CD36-blocking antibody (Fig. 4C, THP-1:
OE Ctrl, 47.96%, P < 0.0001; OE APOC2, 56.54%, P < 0.0001;
Fig. 4D, MOLM-13: OE Cttl, 42.35%, P = 0.0011; OE APOC2,
57.68%, P<0.0001). These data suggest that treatment with the
CD36-blocking antibody abrogated the enhanced proliferation
effects observed with APOC2 overexpression. Furthermore,
CD36-blocking antibody induced significant apoptosis in both
control cells and in cells overexpressing APOC2 (Fig. 4E and F,
IgG vs. CD36Ab: THP-1, Annexin V* cells, OE Ctrl: 12.93% vs.
27.44%, P=0.0265; OE APOC2: 11.89% vs. 37.35%, P=0.0379).
Cells in the OE APOC2 groups exhibited a higher percentage of
Annexin V than cells in the OE Ctrl groups when treated with
CD36 antibody (P = 0.0318 for THP-1). Cells treated with the
CD36 blocking antibody also exhibited a reduction in BODIPY
staining, indicating less cellular uptake of fatty acids (Fig. 4G).
Similar results were found for the MOLM-13 cells (Fig. 4H-J,

IgG vs. CD36Ab: Annexin V* cells, OE Ctrl: 11.01% vs. 30.21%,
P=0.041; OE APOC2: 9.67% vs. 44.77%, P = 0.0294).

APOC2-CD36 Activates the ERK Signaling
Pathway and Enhances Metabolic Activity of
Leukemic Cells

To address whether APOC2 triggers signaling pathways
downstream of CD36, we assessed the effect of APOC2 gain-
of-function and loss-of-function on MAPK (ERK) phospho-
rylation. We found that OE APOC2 cells, both THP-1 and
MOLM-13, exhibited higher levels of phospho-ERK (p-ERK),
compared with their respective control cells, while total-ERK
did not change (Fig. SA, p-ERK/total-ERK ratio change,
THP-1 OE APOC2, 1.43 fold increase, P = 0.0343; MOLM13
OE APOC2, 1.67 fold increase, P = 0.0001). Conversely,
p-ERK levels decreased when endogenous expression of
APOC2 was knocked down by two different APOC2 shRNAs
(Fig. 5B, THP-1 p-ERK/total-ERK ratio change, shAPOC2-1,
47.56% decrease, P < 0.0001; shAPOC2-2, 81.50% decrease,
P = 0.0008; MOLM13 p-ERK/total-ERK ratio change,
shAPOC2-1, 47.65% decrease, P = 0.0002; shAPOC2-2, 51.39%
decrease, P = 0.0063). Similarly, in HL60, the knockdown of
APOC2 resulted in a significant decrease in p-ERK protein
levels (Fig. 5C, p-ERK/total-ERK ratio change, shAPOC2-1,
62.25% decrease, P = 0.0025; p-ERK/total-ERK ratio change,
shAPOC2-2, 72.00% decrease, P = 0.0017). A significant
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Figure 4. Blocking CD36 induces apoptosis in AML cells and abrogates APOC2 proleukemic effects. A, Results of the Annexin V and Pl staining apop-
tosis assays in THP-1 cells 24 hours after treatment with either 50 umol/L or 100 umol/L of SSO. B, Quantification of apoptotic populations in THP-1
cells 24 hours after SSO treatment. C, The effects of CD36-blocking antibody on cell proliferation in THP-1 OE Ctrl and OE APOC2 cells. D, The effects of
CD36-blocking antibody on cell proliferation in MOLM-13 OE Ctrl and OE APOC2 cells. (continued on next page)
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Figure 4. (Continued) E, The effects of CD36 blocking antibody on apoptosis 24 hours posttreatment in THP-1 OE Ctrl and OE APOC2 cells. F, The
quantification of Annexin V* cell populations in THP-1 OE Ctrl and OE APOC2 cells treated with IgG or CD36Ab. G, A comparison of BODIPY staining
between THP-1 OE Ctrl and OE APOC2 cells treated with IgG or CD36Ab. H, The effects of CD36 blocking antibody on apoptosis 24 hours posttreatment
in MOLM-13 OE Ctrl and OE APOC2 cells. I, The quantification of Annexin V* cell populations in MOLM-13 OE Ctrl and OE APOC2 cells treated with IgG or
CD36Ab. J, A comparison of BODIPY staining between MOLM-13 OE Ctrl and OE APOC2 cells treated with IgG or CD36Ab. The differences between the
groups were analyzed using unpaired t tests (****, P <0.0001; ** P <0.001;**, P<0.01;* P <0.05).

decrease in p-ERK protein levels also was observed when
CD36 was depleted by two different CD36 shRNAs (Fig. 5D,
THP-1: p-ERK/total-ERK ratio change, shCD36-1, 66.27%
decrease, P =0.0001; shCD36-2, 87.32% decrease, P < 0.0001;
MOLM13: p-ERK/total-ERK ratio change, shCD36-1, 32.56%
decrease, P = 0.0007; shCD36-2, 46.90% decrease, P = 0.001).
Consistently, treatment with the CD36 blocking antibody
caused a decrease in p-ERK in OE Ctrl compared with IgG
treatment (p-ERK/total-ERK ratio change 22.58%, P = 0.036)
and abrogated the enhanced level of p-ERK in OE APOC2
cells (Fig. SE). Furthermore, the simultaneous overexpres-
sion of APOC2 and CD36 triggered greater increase of ERK
phosphorylation in both THP-1 and MOLM-13 cells (Fig. SF,
MOLM13: p-ERK/total-ERK ratio change, OE APOC2, 1.5-
fold increase; OE CD36, 1.6-fold increase; OE both, 3.0-fold
increase, P = 0.0032; THP-1, p-ERK/total-ERK ratio change,
OE APOC2, 2.0-fold increase; OE CD36, 2.5-fold increase;
OE both, 3.7-fold increase, P = 0.0485). Overexpression of
APOC2, CD36, or both activates the CD36 downstream tar-
get LYN by increasing the p-LYN levels (Fig. 5G, MOLM13:
p-LYN/total-LYN ratio change, OE APOC2, 1.5-fold increase;

OE CD36, 1.4-fold increase; OE both, 1.7-fold increase, P =
0.0032; THP-1, p-LYN/total-LYN ratio change, OE APOC2,
1.6-fold increase; OE CD36, 1.8-fold increase; OE both, 2.0-
fold increase, P = 0.0197). Knockdown of APOC2 or CD36
abolished activation of ERK induced by OE CD36 or OE
APOC2, respectively, and caused a reduction in p-ERK level
compared with control (Fig. 5H, p-ERK/total-ERK ratio
change, shCtrl/OE CD36, 2.6-fold increase; shAPOC2/OE
Ctrl, 49.38% decrease; sShAPOC2/OE CD36, 66.22% decrease,
P=0.0061; shCtrl/OE APOC2, 1.5-fold increase, shCD36/OE
Ctrl, 45.63% decrease; shCD36/OE APOC2, 43.29% decrease,
P=0.0052).

Given the roles of APOC2 and CD36 in lipid metabolism
and transport, we speculated that modulating their expres-
sion in AML cells would impact their bioenergetic profile.
Live-cell metabolic measurements performed by Seahorse XF
showed that OE APOC2 or OE CD36 THP-1 and MOLM-
13 cells exhibit higher energetic metabolic phenotype com-
pared with OE Ctrl cells (Fig. SI; Supplementary Fig. S7A).
An increase in mitochondrial respiration rates assessed by
the oxygen consumption rates (OCR) was observed in OE
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Figure 5. APOC2-CD36 activates the ERK signaling pathway and enhances metabolic activity of leukemic cells. A, The levels of p-ERK and total-ERK
proteins detected by Western blot in THP-1 and MOLM-13 cells ectopically expressing APOC2 compared with empty vector control cells. GAPDH was used
as an internal control (quantification of three independent repeats). B, The levels of p-ERK and total-ERK proteins detected by Western blot in THP-1 and
MOLM-13 APOC2 knockdown and scramble control cells. GAPDH was used as an internal control (quantification of three independent repeats). C, The
levels of p-ERK and total-ERK proteins detected by Western blot in HL6Q APOCZ2 knockdown and scramble control cells. Right, the p-ERK/total-ERK ratio
in the control and knockdown APOC2 cells (quantification of four independent repeats). D, The levels of p-ERK and total-ERK proteins detected by Western
blot in THP-1 and MOLM-13 CD36 knockdown and scramble control cells. GAPDH was used as an internal control (quantification of three independent
repeats). E, The levels of p-ERK and total-ERK proteins detected by Western blot in MOLM-13 OE Ctrl and OE APOC2 cells treated with IgG or CD36Ab.
GAPDH was used as an internal control (quantification of two independent repeats). F, The levels of p-ERK and total-ERK proteins detected by West-

ern blot in THP-1 and MOLM-13 OE Ctrl, OE APOC2, OE CD36, and OE APOC2+CD36 cells. Actin was used as an internal control (quantification of two
independent repeats). G, The levels of p-LYN and total-LYN proteins detected by Western blot in MOLM-13 and THP-1 OE Ctrl, OE APOC2, OE CD36, and
OE APOC2+CD36 cells. GAPDH was used as an internal control (quantification of two independent repeats). H, The levels of p-ERK and total-ERK proteins
detected by Western blot in CD36 OE MOLM-13 cells transduced with shAPOC2 tet-on viral particles and in APOC2 OE cells transduced with shCD36
tet-on viral particles (quantification of two independent repeats). I, Cell energy phenotype of PLVX-Ctrl, PLVX-APOC2 and PCDH- Ctrl, and PCDH- CD36
THP-1 cells. Baseline phenotype is indicated by an open marker. Stressed phenotype is indicated by a filled marker. J and K, OCR (to quantify mitochondrial
respiration) and ECAR (indicator of glycolysis) of PLVX-Ctrl, PLVX-APOC2 and PCDH- Ctrl and PCDH- CD36 THP-1 cells determined by Seahorse XF cell
analysis. The differences between the groups were analyzed using unpaired t tests and one-way ANOVA (*** P < 0.0001; *** P <0.001; **, P < 0.01;

*, P <0.05; ns, not significant).
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APOC2 and OE CD36 at their basal conditions (Fig. 5J; Sup-
plementary Fig. S7B). Similarly, extracellular acidification
rates (ECAR) were also increased in OE APOC2 and OE CD36
cells compared with OE Ctrl cells under stressed condition
(Fig. 5K; Supplementary Fig. S7C).

Conditional Knockdown of APOC2
and CD36 Decrease Leukemia Burden
in Murine Leukemia Models

To examine the effect of targeting APOC2 in murine mod-
els of AML, luciferase-positive HL60 cells (HL60"*) with
either tet-on-inducible APOC2 shRNAs or tet-on-inducible
scramble sequences were intravenously injected into NOD-
scid/l2rg”/~ (NSG) mice to generate human AML xenografts
(n =7 in shCtrl group, n = 8 in shAPOC2 group). Three days
later, mice were treated once every other day with doxycycline
via oral gavage. Mice were monitored and imaged on week
four and five posttransplant. Mice in the shCtrl group exhib-
ited a stronger bioluminescent signal compared with mice
in the shAPOC2 group (Fig. 6A). Mice were sacrificed on day
36, when signs of disease burden appeared. We found a lower
percentage of leukemic cell engraftments in the shAPOC2
group compared with the shCtrl group. The shAPOC2 group
exhibited significantly less leukemic burden in peripheral
blood (PB) compared with the shCtrl group (Fig. 6B; Sup-
plementary Fig. S8A and S8B, hCD45" cells: 73.6% vs. 11.8%,
P =0.0003). Minimal engraftment of HL60 was observed in
the spleens and BM of mice in both groups (Supplementary
Fig. S9A and S9B). Six out of seven mice in the shCtrl group
exhibited more than three secondary tumors, located on the
back, lower abdomen, and legs. In contrast, only one out
of eight mice in the shAPOC2 group exhibited secondary
tumors (Supplementary Fig. S9C).

We also validated the effect of targeting APOC2 and CD36
in the MOLM-13 murine model, in which MOLM-13 cells
stably expressing tet-on-inducible APOC2 shRNA, CD36
shRNA, or scramble sequences were intravenously injected
into NSG mice to generate human AML xenografts (n =4 per
group) and treated with doxycycline grain-based rodent diet
continuously. Mice were sacrificed on day 25. Mice from the
shAPOC2 and shCD36 groups exhibited significantly less leu-
kemia engraftment in the BM, PB, and spleen compared with
the shCtrl group (Fig. 6C, % BM engraftment means, 60.8 vs.
8.9 vs. 23.5 for shCtrl vs. shAPOC2 vs. shCD36, P < 0.0001
and P = 0.0368; % PB engraftment means, 11.2 vs. 3.9 vs. 1.2,
P=0.0073 and P =0.0003; % spleen engraftment means, 14.4
vs. 5.4 vs. 3.8, P = 0.0044 and P = 0.0021), indicating that
the knockdowns of APOC2 and CD36 reduced the leukemia
burden in vivo (Supplementary Fig. S10-12). There was no
significant difference in the weights of the livers and spleens
between the groups (Supplementary Fig. S13A-S13C).

Anti-CD36 Antibody Treatment Reduces Leukemia
Progression and Increases Overall Survival of AML
Murine Model

APOC2 cooperates with CD36 to activate ERK signaling
pathway leading to enhanced leukemia growth. In order to
test the role of CD36 in vivo and verify the potential of tar-
geting the APOC2-CD36 signaling pathway for AML treat-
ment, CD36 blocking antibody was used to treat MOLM-13

engrafted NSG mice. Seven days after injection of MOLM-13
cells into NSG mice, mice were treated with CD36 blocking
antibody or IgG control once every three days for five doses
(n = 4 per group). Mice were sacrificed on day 21. CD36 anti-
body treatment group had less leukemia burden in BM, PB,
and spleen (Fig. 7A, % PB engraftment means, 20.27 vs. 8.98
for IgG vs. CD36 antibody, P = 0.373; % BM engraftment
means, 53.08 vs. 40.70 for IgG vs. CD36 antibody, P=0.0011,;
% spleen engraftment means, 12.05 vs. 2.70 for IgG vs. CD36
antibody, P < 0.0001). The spleens in CD36 antibody treat-
ment group were smaller and weighed less than the ones in IgG
group (Fig. 7B, spleen weight means, 161.5 mg vs. 69.15 mg,
P < 0.0001). No significant difference in liver weight was
observed between the treatment groups Supplementary Fig.
S13D) In addition, to determine whether blocking CD36
potentially delays leukemia progression, engrafted NSG mice
were treated with IgG and CD36 blocking antibody the same
as above for survival analysis (n = 7 per group). With CD36
antibody treatment, mice engrafted with MOLM-13 cells
survived significantly longer than the IgG group (Fig. 7C,
P = 0.0202). Consistently, Ki67 and hCD45 staining of
spleens and livers presented a lower percentage of infiltrated
blasts compared with tissues obtained from the IgG-treated
group (Fig. 7D and E, spleen Ki67 staining, 4.35-fold, P <
0.0001; liver Ki67 staining, 3.67-fold, P < 0.0001; spleen CD45
staining, 4.38-fold, P < 0.0001; liver CD45 staining, 7.64-fold,
P <0.0001).

DISCUSSION

The link between lipid metabolism and cancer is well
established (13-15), yet the role of APOC2 in cancer has not
been reported previously. In this study, we identified APOC2
as a gene that is hypomethylated and upregulated in AML.
In normal tissues, APOC2 is expressed primarily in the liver
and secreted into the plasma. APOC2 is also expressed at
lower levels by other tissues, including the intestine, mac-
rophages, and adipose tissue (6). Characterization of APOC2
mRNA levels in AML showed that overexpression of APOC2
is significantly associated with MLL rearrangements, likely
due to an epigenetic mechanism regulating its expression.
MLL rearrangements are associated with poor clinical out-
comes in AML, which is consistent with the observed asso-
ciation between high APOC2 expression and shorter overall
survival in patients with AML. In macrophages, the APOC2
gene is transcriptionally regulated by the liver X receptor
(LXR) and STAT1 (6), two proteins known to be involved
in cancer progression (16, 17). A recent study has impli-
cated APOC2 and its carrier LPL in hematopoietic stem
progenitor cell (HSPC) maintenance via docosahexaenoic
acid (DHA) supply; knockout of either LPL or its obligatory
cofactor APOC2 results in reduced HSPC expansion and
defective hematopoiesis in zebrafish (18).

Using both gain- and loss-of-function approaches in sev-
eral cellular and murine models, we demonstrated that
APOC2 upregulation enhances leukemia growth, and con-
versely, that knockdown of APOC2 inhibits cell survival
and triggers apoptosis. APOC2 overexpression activates
the CD36-ERK pathways, which mechanistically explain
the observed phenotype. While lictle is known about
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Figure 6. Conditional knockdown of APOC2 or CD36 reduced leukemia engraftment in AML NSG murine models. A, Bioluminescent imaging of NSG
mice intravenously injected with HL60 shCtrl or shAPOC2 luciferase cells. B, Representative flow cytometry showing hCD45-positive engraftment in the
PB of blank, HL60 shCtrl, and HL60 shAPOC2 luciferase cells. Quantification of engraftment of HL60 cells in the PB. C, Representative flow cytometry
showing hCD45-positive engraftment in the BM, PB, and spleen of MOLM-13 shCtrl, MOLM-13 shAPOC2, and MOLM-13 shCD36 luciferase cells of NSG
mice. Quantification of engraftment of MOLM-13 cells in the BM, PB, and spleen. The differences between the groups were analyzed using unpaired t tests
(¥ P<0.0001;** P<0.001;*, P<0.01;* P<0.05).
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the role of APOC2 in cancer, the role of its partner CD36
is more established (19). CD36 is a transmembrane glyco-
protein that is present on the surface of various cell types,
including adipocytes, myocytes, hepatocytes, and mono-
nuclear phagocytes. As a receptor, CD36 has been reported
to recognize different ligands, including phospholipids,
lipoproteins, long-chain fatty acids, and amyloid fibrils
(20). In response to ligands, CD36 recruits and activates its
downstream non-receptor tyrosine kinases, MAPK kinases
(21). CD36 has been shown to confer chemotherapy resist-
ance and metastasis initiation potential in cancer cells (22,
23). In chronic myeloid leukemia (CML), the fatty acids
transporter CD36 is associated with leukemia stem cells
that evade chemotherapy by residing in the niche of adipose
tissue (23, 24). Furthermore, in chronic lymphoblastic leu-
kemia (CLL) cells, STAT3 was shown to activate CD36 by
binding to its promoter, facilitating fatty acid uptake (25).
In addition, AraC-resistant cells exhibit increased fatty-acid
oxidation, upregulated CD36 expression, and high oxida-
tive phosphorylation (OXPHOS); targeting mitochondrial
metabolism via the CD36-FAO-OXPHOS axis enhanced the
antileukemic effects of AraC (26). Our study establishes the
link between a novel target in AML, APOC2, and the fatty
acids transporter, CD36, and establishes ERK as a potential
signaling pathway resulting from the interaction of APOC2
and CD36. Our study shows that targeting the APOC2-
CD36-ERK pathway with either CD36 antibodies or SSO
leads to antileukemia effects. The use of these treatments
at high concentrations, and their short half-life, limit their
potential activity and suggests a need for more effective
drugs to modulate the APOC2-CD36 axis.

In summary, our clinical association analysis, combined
with preclinical functional and mechanistic studies, has
uncovered a novel role of APOC2 upregulation in AML.
APOC2 is highly expressed in AML and is associated with
poor clinical outcomes. Furthermore, APOC2 promotes leu-
kemia growth via the CD36-ERK signaling pathway. Our
study indicates that the APOC2-CD36 signaling axis may be
an actionable therapeutic target in AML.

METHODS
Study Approval

The use of human materials was approved by the Institutional
Review Board of the University of Southern California (USC, Los
Angeles, CA) in accordance with the Helsinki Declaration. All animal
protocols were approved by the Institution for Animal Care and Use
Committee (IACUC) of USC.

Patient Datasets

Molecular data and clinical outcomes were available in 173 patients
with AML from TCGA from cBioPortal (27, 28). We dichotomized
patients in TCGA data set into high (Z 2 1) and low (Z < 1) mRNA
expression groups based on their APOC2 mRNA expression Z-score
(RNA Seq V2 RSEM). All the patients were diagnosed and have
received treatment, according to the National Comprehensive Cancer
Network (NCCN) guidelines, between November 2001 and March
2010. Additional patient data from the GSE7186 (29), GSE13159
(30), GSE1159 (31), GSE13164 (30), GSE17855 (13), GSE63409 (10),
and GSE30377 (32) datasets were downloaded from the Gene Expres-
sion Omnibus (GEO) database.

Patient Samples

Blood samples were obtained from AML patients at the time of
diagnosis from the Norris Comprehensive Cancer Center at USC. All
samples were collected after obtaining written informed consent. The
use of human materials was approved by the Institutional Review
Boards of USC, in accordance with the Helsinki Declaration.

AML Murine Xenograft Models

NSG mice were purchased from The Jackson Laboratory and
kept in pathogen-free conditions. To generate AML engraftment,
HL-60 and MOLM-13 knockdown APOC2 (shAPOC2) cells, as well
as control cells (shCtrl; 2 x 10° per mouse), were injected intrave-
nously (through the tail vein) into 4 to 6-week-old male and female
NSG mice. For shRNA expression, mice received doxycycline via oral
gavage or Bio-Serv Doxycycline Grain-Based Rodent Diet (Thermo
Fisher Scientific, 14-727-450). Engraftments were monitored by bio-
luminescence imaging once per week. Once mice reached the end-
point, when signs of disease burdens appeared, the blood and BM
were collected for flow cytometry analysis. Leukemia progression was
monitored by bioluminescence imaging and flow cytometry.

To conduct CD36Ab treatment in vivo, MOLM-13 cells (2 x 10° per
mouse) were first engrafted in mice. Starting from day 7, mice were
injected intravenously with 100 pL of PBS containing either 5 pg of
monoclonal CD36Ab FA6.152 or 5 ug of mouse control IgG every 3
days for 5 doses. Experiments were ended on day 21.

Cell Culture and Transfection

AML cell lines THP-1, MV4-11, and KG-1 were obtained from
ATCC. MOLM-13, U937, and KG-1A cells were kindly provided by
Dr. Wendy Stock’s Laboratory. All AML cell lines were authenticated
at the University of Arizona Cell Authentication Core and tested for
mycoplasma contamination in our lab using PCR-based method
(SouthernBiotech). All cell lines were Mycoplasma free. AML cell lines
were cultured in RPMI1640 medium supplemented with 10% fetal
bovine serum (FBS) (Invitrogen) and 1% antibiotics (Invitrogen).
Primary samples were cultured in RPMI1640 supplemented with 20%
FBS and StemSpan CC100, which contains a combination of both
early- and late-acting recombinant human (rh) cytokines (Flt3L, SCF,
IL3, and IL6). HEK293T cells were cultured in DMEM (Invitrogen)
supplemented with 20% FBS and 1% antibiotics. Transfection was
performed with Calcium Phosphate Transfection Kits (Clontech),
according to the manufacturer’s instruction.

To conduct the CD36Ab treatment assay, THP-1 and MOLM-13 cells
were treated with either 20 ug/mL of a monoclonal CD36Ab FA6.152
(Abcam) or a corresponding mouse monoclonal IgG (Invitrogen) for
the first 30 minutes. Cells were then released in RPMI supplemented
with 10% FBS in a final concentration of 2 pg/mL CD36Ab (22).

To conduct the SSO treatment assay, SSO (SML2148; Sigma) was
freshly dissolved in DMSO at a concentration of 100 mmol/L and then
immediately applied to the cells at final concentrations of 50 umol/L
and 100 pmol/L.

Statistical Analysis

All experiments were independently repeated at least three times
except when otherwise mentioned in the figure legend. Data were rep-
resented as the mean * standard error of the mean (SEM). Statistical
significance was calculated using the Student ¢ test, Mann-Whitney
test, one-way ANOVA, two-way ANOVA in GraphPad Prism 6.0
(GraphPad Software, Inc.). The statistical test was indicated in the
figure legend for each analysis.

Survival analysis was conducted in STATA 12.0 SE using the
Cox proportional hazards model to assess the association between
APOC2 expression and overall survival in patients with AML, after
adjusting for other factors, such as sex, cytogenetic status, and
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netic mutations. The associations between the APOC2 expres-

sion group and the molecular and mutational status were analyzed

us

ing both Student ¢ test and Fisher exact test. A P value less than

0.05 was considered statistically significant for all tests. P value
was adjusted according for multiple testing in the methylation
analysis.

Additional materials and methods are included in Supplementary

Data.
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