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ABSTRACT
Objectives: Leukemia is a group of bone marrow cancers and drug resistance is one of the
challenges in treatment. Caffeic acid phenethyl ester’s (CAPE’s) anti-proliferative and
apoptotic properties have been reported in leukemia cell lines. However, CAPE’s effect on
drug resistance and cellular metabolism is still unknown. Thus, in this study, we aimed to
explore CAPE’s effect on drug resistance and oxidative phosphorylation (oxphos).
Methods: Leukemia cell lines NB-4, HL-60, and K562 were treated with CAPE. ATP-based cell
viability assay was used. For gene expression studies, RNAs were isolated and reverse
transcribed. To investigate CAPE’s effect on mitochondrial dysfunction in AML cell lines, we
examined oxygen consumption rates (OCRs) in our cell lines.
Results: We found 5 μM CAPE sensitized all cell lines to cytarabine. This similar effect was also
observed in the Decitabine-resistant K562 cell line. However, no difference was seen in MDR1
expression upon CAPE treatment in all cell lines. OCR significantly decreased upon CAPE
treatment in all cell lines, while the expression of key regulatory glycolytic enzymes
increased in K562 and NB-4 cell lines. Expression of STAT3 also changed upon CAPE treatment.
Discussion: Our results suggested that CAPE alters cellular metabolism by decreasing oxphos
and increasing glycolysis in K562 and NB-4 cells. Furthermore, CAPE treatment altered STAT3
expression regarding alterations in oxphos and aerobic glycolysis.
Conclusion: Our results suggest a new property of CAPE, which is oxphos repression, and a
presumptive link between altered metabolism and drug resistance.
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Introduction

Leukemia is a group of bone marrow cancers character-
ized by increased proliferation and abnormal differen-
tiation of myeloid or lymphoid progenitor cells [1]. In
addition to chromosomal aberrations, data gleaned
from next-generation sequencing provided a wide
spectrum and frequency of mutations and distinct pat-
terns of epigenetic modifications in leukemia subtypes
[2,3]. Current therapy regimens include the use of DNA
synthesis inhibitor cytarabine (Ara-C), hypomethylating
agents Decitabine and Azacytidine, and application of
allogeneic hematopoietic cell transplantation [4].
Acute myeloid leukemia (AML) is a subtype of leukemia
and it is curable in 40% of adult patients at 60 years old
or younger with the recent advances in the treatment;
however, remission ratio is lowered to 5–15% in elderly
patients [5]. Therefore, there is still a need to research
for new therapeutics to increase the long-term survival
for both younger and elderly patients. Drug resistance
in leukemia treatment is a common phenomenon as in
other cancer types. Many oncogenic-driven mutations
have been linked to multiple drug resistance in leuke-
mia subtypes [6,7]. A well-characterized drug resistance
mechanism is the increased expression of ABC ATP-

binding cassette (ABC) drug transporters in cancer
cells [8].

Although metabolic abnormalities were recognized
many years ago by the discovery of increased glycolysis
in cancer cells even in the presence of O2 (aerobic gly-
colysis), cancer cell metabolism has recently emerged
as a ‘hallmark of cancer’ [9,10]. There has been an
increased interest to identify rewired metabolic path-
ways in cancer cells. Altered metabolic pathways in
cancer cells are now considered to develop targeted
therapies for improvement in cancer therapeutics.
Another exciting question that arises from the recent
literature is whether rewired metabolic pathways
were related to drug resistance in cancer therapy and
could these pathways be targeted effectively [11].

Caffeic acid phenethyl ester (CAPE) is an active deriva-
tive of a honeybee product propolis. CAPE’s anti-prolif-
erative, anti-metastatic, and apoptotic properties have
beenwidely investigated in cancer cells [12–14]. Previous
studies showed that CAPE preferentially targets cancer
cells [15]. CAPE with its known biological features
stands as a promising anti-cancer drug. Although
CAPE’s mechanism of action is not crystal clear, several
studies suggested it disrupts mitochondrial function by
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altering membrane potential and reactive oxygen
species (ROS) level [16,17]. However, CAPE’s effect on oxi-
dative phosphorylation (oxphos) is still unknown.

In this study, we aimed to investigate whether CAPE
has any effect on drug resistance in leukemia cells.
After finding that CAPE decreases drug resistance in
leukemic cell lines, we explored whether this decrease
could be related to altered metabolism in cells. For this
purpose, we controlled the effect of CAPE on oxphos
and glycolysis.

Materials and methods

Cell culture and drug treatments

HL-60, NB-4, and K562 leukemia cells lines were grown
in RPMI 1640 medium with 1% L-glutamine, 1% penicil-
lin/streptomycin, 10% fetal bovine serum (FBS) at 37°C,
in 5% CO2 humidified atmospheric air.

All drugs used for the study were suspended in
DMSO. 5-aza-2-deoxycytidine (Decitabine, Sigma), 5-
azacytidine (Videza, Sigma), cytarabine (Ara-C)
(Alexan, Sandoz) were added to cultures at desired con-
centrations every 24 hours during the experiment as
they have short half-lives. Cells were treated with
CAPE (Sigma) at the desired concentrations and cul-
tured for 3 days for IC50 experiments except combined
drug treatment experiments, which were cultured for
96 hours. Dose-dependent drug experiments were
designed according to the literature search
[13,16,18,19]. Drug doses that kill almost or less than
50% of cells were used for combined drug experiments
as the experiments take 3 days.

Cell viability assay – ATP measurements

ATP measurement was performed using the Cell Titer-
Glo Luminescence Assay (Promega) according to the
protocol provided by the manufacturer. Cells were cul-
tured in white-walled 96-well plates at 25 × 103 cells/ml
concentration with or without CAPE in four replicates.
40 μl of Cell TiterGlo reagent were added into each
well at the end of the experiment and plates were
shaken at 300 rpm for 5 minutes on a shaker. Lumines-
cence was read on a luminometer (Molecular Devices,
Spectra Max). The fold change in the luminescence
that was read for each condition was normalized to
untreated wells (no treatment = 1).

Flow cytometric analysis of MDR1 (CD243)
expression and function

3 × 105 cells in RPMI 1640 medium with or without
5 μM CAPE were plated into a 6-well plate and cultured
for 72 hours. At the end of the experiment the cells
were washed and counted. 1 × 106 cells were stained
with 20 μl CD243-PE antibody (BD BioSciences) for 20

minutes at RT. For negative control, the IgG-PE
isotype (BD BioSciences) was used. MDR1 expression
was evaluated on a BD Accuri flow cytometry system.
MDR1 function was assessed with Rhodamine 123
efflux assay as previously described [20]. Briefly,
200 ng/ml Rhodamine dye added to the culture
medium in the presence or absence of 5 μM CAPE.
After 1 hour of incubation, cells were washed and
seeded in dye-free medium with or without CAPE
and cultured for 90 minutes at 37°C. Life-gate was
based in the light scatter parameter after staining
with propidium iodide.

qRT-PCR

3 × 105 cells were plated into each well of a 6-well plate
in duplicate. Cells were treated with 5 μM CAPE for 72
hours. RNA was isolated from cultures using an RNeasy
Mini kit (Qiagen) according to the manufacturer’s pro-
tocol. RNA concentrations were measured on Nano-
Drop (ThermoScientific). 1 μg of total RNA was used
for each cDNA reaction with Quantitect Reverse Tran-
scription kit (Qiagen). qRT-PCR analysis of gene
expression was performed on a Light Cycler 480
system (Roche) using a Quantitect SYBR Green PCR
kit (Qiagen).

All primers used in the study are listed in Table 1 and
designed using Primer3 software.

Results were normalized to RPL0 gene expression
level and calculated using the ΔΔCt method.

Oxygen consumption assay

Oxygen consumption of cell lines was measured using
the fluorescence-based Extracellular Oxygen Consump-
tion kit (Abcam) according to the manufacturer’s proto-
col except for the NB-4 cell line. NB-4 cells were plated at
a concentration of 3 × 106 cells/ml instead of 4 × 106

cells/ml. Cells were plated in duplicate and experiments
performed three times for each cell line. Cells were
treated with 5 μM CAPE. For positive and negative con-
trols of oxygen consumption level, 1 μM electron trans-
port chain (ETC) uncoupler agent FCCP (carbonyl
cyanide 4-(trifluoromethoxy)phenylhydrazone, (Abcam)
and 1 μM oligomycin (ATP synthase inhibitor) (Abcam)
(0.75 μM for NB-4) were used. FCCP and oligomycin

Table 1. Primers used in qRT-PCR.
PFKL-Forward AACGAGAAGTGCCATGACTAC
PFKL-Reverse GTCCCATAGTTCCGGTCAAAG
PFKP-Forward CATCGACAATGATTTCTGCGG
PFKP-Reverse CCATCACCTCCAGAACGAAG
HK1-Forward ACATTGTCTCCTGCATCTCTG
HK1-Reverse GCCTTAAAACCCTTTGTCCAC
HK2-Forward GGGACAATGGATGCCTAGATG
HK2-Reverse GTTACGGACAATCTCACCCAG
PKM2-Forward AAGTGTGACGAGAACATCCTG
PKM2-Reverse ACCATTTTCCACCTCCGTC
STAT3-Forward CATGCAAGATCTGAATGGAAAC
STAT3 Reverse TTCTAGCCGATCTAGGCAGATG
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concentrations were determined with a preliminary cell
proliferation experiment. Fluorescence levels were
measured on a molecular devices plate reader system
for 2 h with an interval of 90 seconds at 37°C.

Statistical analysis

Statistical analysis was performed on the GraphPad
Prism V6 software. Drug-treated and untreated
groups were compared using Student’s t-test. All exper-
iments were performed three times with multiple repli-
cates based on the experiment. All data were
presented as mean ± SD.

Results

K562, HL-60, and NB-4 cell lines are resistant to
ARA-C and CAPE effectively decreased cell
proliferation in all cell lines

All leukemia cell lines were treated with various con-
centrations of Videza, Ara-C, and Decitabin and CAPE
for 3 days. Cell viabilities were measured using an
ATP-based Cell TiterGlo assay. Cell viability did not sig-
nificantly change upon Ara-C treatment at increased
drug doses for K562 and NB-4 cell lines. However, the
percentage of cell viability started to slightly decrease
after 50 nM Ara-C treatment for the HL-60 cell line
(Figure 1(a)). We found the K562 cell line resistant to
Videza and Decitabin compared to other cell lines
(Figure 1(b,c)). CAPE inhibited cell proliferation and
decreased the cell viability in all cell lines at a concen-
tration of around 5 μM (Figure 1(d)).

CAPE treatment together with ARA-C kills
leukemia cell lines

All cell lines were treated with 5 μM CAPE and 25 nM
Ara-C for 96 hours. Cell viability assay showed that
CAPE combined with ARA-C effectively kills cells com-
pared to Ara-C or CAPE treatment alone (Figure 2(a)).
We next tried CAPE in the Videza- and Decitabine-
resistant cell line K562. CAPE combined with Decita-
bine decreased cell viability compared to Decitabine
or CAPE treatment alone. However, using CAPE with
Videza did not show the same effect. Although cell via-
bility decreased more than CAPE or Videza alone, these
data were not statistically significant (Figure 2(b)).

CAPE has no effect on CD243 expression and
Rhodamine efflux

Building upon these results, we next sought the effect of
CAPE on expression of drug transporter CD243 (MDR1).
Flow cytometry analysis of CD243 in K562 and NB4 cell
lines showed that although it was expressed around
80% in both cell lines, the expression did not change

upon CAPE treatment (Figure 3(a–c)). Interestingly, we
found K562 and NB-4 cell lines did not export rhoda-
mine and they kept it within the cells (Figure 3(d–f)).
Upon CAPE treatment, Rhodamine 123 efflux assay
showed no change in rhodamine export.

CAPE decreases oxygen consumption in
leukemia cell lines

To further investigate the effect of CAPE on drug resist-
ance, we looked into cellular metabolism and first
investigated the oxygen consumption levels in leuke-
mia cell lines. We found CAPE decreases oxygen con-
sumption in all cell lines suggesting that it might
disrupt oxidative phosphorylation (Figure 4).

CAPE increases mRNA expression of glycolytic
enzymes in K562 and NB-4 cell lines

Glycolysis is regulated by Pyruvate kinase muscle
isozyme (PKM2), hexokinase 1 and 2 (HK1 and HK2),
phosphofructokinase-liver type (PFKL), and phospho-
fructokinase-platelet type (PFKP) enzymes which cata-
lyse the irreversible steps. After finding the disruptive
effect of CAPE on oxphos, to investigate its effect on gly-
colysis, the expression of these key regulatory enzymes
in leukemia cell lines was controlled by qRT-PCR. PKM2,
PFKL, and PFKP mRNA expression levels significantly
increased upon CAPE treatment in the K562 cell line.
HK2, HK1, PFKL, and PFKP expressions were found sig-
nificantly higher in the NB-4 cell line. We did not find
any significant increase of these enzymes in HL-60
cells; however, there was a significant decrease in the
HK2 enzyme (Figure 5). These data suggest that CAPE
might increase glycolysis in NB-4 and K562 cell lines to
compensate for depressed oxphos.

The STAT3 mRNA expression level correlates
with changes in glycolysis in K562 and NB-4 cell
lines

Increased STAT3 expression has been linked to
increased glycolysis and decreased oxphos in cells.
Thus, we checked the STAT3 mRNA expression in
K562, NB-4, and HL-60 cell lines. STAT3 expression
was found significantly higher upon CAPE treatment
in K562 and NB-4 cell lines. In the HL-60 cell line,
STAT3 expression was found decreased upon CAPE
treatment; however this was not statistically signifi-
cant (Figure 6). Our results suggest that CAPE triggers
STAT3 expression to increase glycolysis in NB-4 and
K562 cell lines.

Discussion

AML is a type of bone marrow cancer. Response to
current AML therapeutics varies between younger
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and elderly patients, in addition to their genetic back-
ground [21]. The full remission rate is still low and
there is a need to develop a better drug to cure AML,
especially for those resistant to conventional thera-
peutics [2,4]. CAPE is an active component of propolis.
CAPE’s biological properties have been studied in
various cancer cell lines to prove CAPE as an anti-
cancer drug [13,22]. The anti-proliferative effect of the
CAPE has been shown in the HL-60 leukemia cell line
[19]. CAPE arrested cell growth with concentrations of
1, 1.5, and 5 μM. CAPE also has been shown to
induce apoptosis by altering the redox state in the

HL-60 cell line, suggesting CAPE’s anti-oxidant property
[14]. In our study we found that 5 μM CAPE concen-
trations killed almost 50% of the cells at the end of
72 hours. On the contrary, compared to these lower
drug doses, CAPE has been shown to kill colon
cancer [23], breast cancer [12,13], and medulloblas-
toma cells [24] at higher concentrations.

Researchers have identified how CAPE induces apop-
tosis. Time- and dose-dependent CAPE treatment
resulted in the release of cytochrome C, decrease of Bcl-
2 expression, increase of Bax expression accompanied
with activation of Caspase 3 and PARP in the U937AML

Figure 1. ATP measurements of all cell lines upon drug treatments. Cell viability was assessed with an ATP-based assay. Cells were
treated with (a) Ara-C, (b) 5-azacytidine (Videza), (c) 5-aza-2-deoxycytidine (Decitabine) and (d) CAPE at various concentrations for 3
days. Data are presented as mean ± SD.

Figure 2. Cell viability (%) of drug-resistant cell lines treated together with CAPE and the conventional therapeutics. (a) Ara-C-resist-
ant HL-60, K562, and NB-4 cell lines treated with Ara-C, CAPE, and Ara-C and CAPE in combination, (b) Videza- and Decitabine-resist-
ant K562 cell line treated with CAPE in combination for 4 days. Data are presented as mean ± SD. ***p < 0.001, **p < 0.01, *p < 0.05.
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cell line [25]. This result showed that CAPE induces mito-
chondrial apoptosis, rather thanextracellular death recep-
tor signaling. Additionally, CAPE has been shown to
sensitize lung cancer cells to radiotherapy [24].
However, how CAPE changes cellular signaling to
induce apoptotic pathways and whether it is important
in drug resistance in cancer remain to be elucidated [26].

In this study, we first controlled the effect of CAPE
together with drugs Ara-C, Videza, and Decitabine,
which are currently included in AML therapy regimens.
Similar to our finding, the HL-60 cell line was found to

be resistant to Ara-C treatment compared to Jurkat and
U937 cell lines [27]. K562 and NB-4 cell lines were also
identified as resistant to Ara-C in very recent studies
[28]. We found that the use of CAPE together with
Ara-C synergistically killed all the cell lines more than
the use of Ara-C or CAPE alone. Similarly, CAPE together
with Decitabine decreased cell viability more than Dec-
itabine or CAPE alone in the K562 cell line. However,
although CAPE together with Videza reduced cell

Figure 3. Flow cytometric analysis of CD243 and Rhodamine efflux assay in NB-4 and K562 cell lines. (a), (b), (d) and (e) are repre-
sentative histograms. (c) % presentation of the CD243 expression and (d) rhodamine in K562 and NB-4 cell lines. Data are presented
as mean ± SD.

Figure 4. Oxygen consumption assay. Oxygen consumption
rates (OCR) of all cell lines upon CAPE treatment. Data are pre-
sented as mean ± SD. *p < 0.05.

Figure 5. qRT-PCR analysis of glycolytic enzymes. Changes in
the mRNA expression of key glycolytic enzymes upon CAPE
treatment were relatively calculated against untreated
samples. ***p < 0.001, **p < 0.01, *p < 0.05.
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viability more, these data were not statistically signifi-
cant. Taking together, these data suggested that
CAPE might affect multi-drug resistance by making
cells more sensitive to chemotherapeutics. As all the
cell lines used in the study have high expression of
MDR1, we next checked CAPE’s effect on MDR1
expression. Flow cytometric analysis of MDR1 (CD243)
expression did not change upon CAPE treatment.
Other MDR protein expressions should also be
checked in leukemia cell lines upon CAPE treatment.

Since Ara-C and Decitabine drugs are known to act
on metabolic pathways, we searched CAPE’s effect on
cell metabolism and whether an altered metabolism
could be responsible for increased drug sensitivity
[29]. Recent literature has suggested that CAPE disrupts
mitochondrial function [16,25]. To further exploit
CAPE’s effect on mitochondria we checked oxygen
consumption of all cell lines upon CAPE treatment. To
control, cells were also treated with FCCP, an uncoupler
agent, and oligomycin, an ATP synthase inhibitor. The
use of FCCP decreases ATP production without
decreasing the oxygen consumption; on the contrary
oligomycin reduces oxygen consumption [30]. In all
cell lines, oxygen consumption levels dropped signifi-
cantly upon CAPE treatment. Our results showed
CAPE’s effect on oxphos for the first time to our knowl-
edge. Increased aerobic glycolysis is a very well-known
phenomenon in cancer [31]. Thus, we next sought
whether cells change their glycolysis status upon dis-
ruption of oxphos by CAPE. Expression of hexokinase,
phosphofructokinase, and pyruvate kinase was ana-
lyzed with qRT-PCR. CAPE increased the expression of
these key regulatory glycolytic enzymes in K562 and
NB-4 cell lines. However, no significant change was
observed in the HL-60 cell line, except from HK2,
which was depressed. These data implicated that
cells might try to increase the glycolytic pathway to
compensate for decreased oxphos. Indeed, CAPE has
been shown to increase glucose uptake via AMPK

activation in muscle cells [32]. STAT3 suggested as a
metabolic switch in recent studies as its increased
expression linked to augmented aerobic glycolysis
and decreased oxphos [33,34]. In this study, in K562
and NB-4 cell lines STAT3 expression was significantly
increased upon CAPE treatment. In the HL-60 cell
line, STAT3 expression slightly decreased, which was
not statistically significant. Taken together, our results
showed that CAPE alters cellular metabolism by
decreasing oxphos and increasing glycolysis in K562
and NB-4 leukemia cell lines. Additionally, STAT3
expression is changed to switch between these
pathways.

In conclusion, this study showed for the first time
that CAPE decreases oxphos in leukemia cell lines. Pre-
sumably to compensate for this, cells increase glycoly-
sis. To switch between pathways, STAT3 mRNA
expression increases in cells. However, whether STAT3
is a direct effect of CAPE in the cells remains to be
investigated. Another important question is whether
CAPE also has an inhibitory effect on specific com-
plexes of electron transport chain. Although further
studies are required to confirm and exploit CAPE’s
action mechanism in oxphos, we believe our results
will shed light on another unknown property of CAPE
and the relation between altered metabolism and
drug resistance.
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