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Abstract Previous studies indicated that chlorogenic acid,
a compound present in many fruits and vegetables, has
anti-cancer activities. We report that chlorogenic acid
regulates the expression of apoptosis-related genes and
self-renewal-related stem cell markers in cancer cells. The
lung cancer cell line A549 was cultured with or without
chlorogenic acid. The presence of chlorogenic acid
decreased cell proliferation as measured by MTT activity.
Polymerase chain reaction (PCR) showed that treatment of
cells with chlorogenic acid reduced the expression of
BCL2 but increased that of both BAX and CASP3.
Chlorogenic acid enhanced annexin V expression as mea-
sured using fluorescently labeled annexin V. Chlorogenic
acid also induced p38 MAPK and JNK gene expression.
Meanwhile, several agents, including SB203580 (p38 MAP
kinase inhibitor), N-acetylcysteine (antioxidant inhibitor),
dipyridamole (phosphodiesterase inhibitor), and apocynin
(NADPH-oxidase inhibitor) blocked chlorogenic acid-in-
duced BAX gene expression. Chlorogenic acid reduced
gene expression levels of stem cell-associated markers
NANOG, POUS5FI, and SOX2. Together these results
indicate that chlorogenic acid affects the expression of
apoptosis-related genes that are part of oxidative stress and
p38 MAP-dependent pathways, as well as genes encoding
stem cell markers. In conclusion, chlorogenic acid may
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contribute to the polyphenolic anti-cancer effect associated
with consumption of vegetables and fruits.
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Introduction

Lung cancer is the leading cause of cancer-related mor-
tality throughout the world. Although considerable pro-
gress has been made in the treatment of lung cancer, the
five-year survival rate is only 15-17% [1]. On the other
hand, epidemiological and experimental studies indicated
that consumption of fruits and vegetables containing phy-
tochemicals such as polyphenol compounds might reduce
the incidence of cancer [2—4]. For example, epidemiolog-
ical studies suggest that intake of coffee [5, 6] and apples
[7] reduces the risk of certain cancers. Chlorogenic acid is
a phenolic acid that exists at high levels in coffee beans and
fruits such as plum, pear, and apple [12], and is one of
many dietary polyphenols that has been shown to reduce
the incidence of chemical carcinogenesis in several animal
models of cancer [10, 11]. An in vitro study demonstrated
that treatment of human colon cancer cells with chloro-
genic acid increased reactive oxygen species generation
and reduced cell viability [8]. Consumption of chlorogenic
acid may decrease colorectal cancer risk, increase colon
motility, and enhance antioxidant status [9]. However, the
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molecular mechanisms associated with the anti-carcino-
genic properties of chlorogenic acid are not well
understood.

Apoptosis is a physiological process that removes
abnormal or damaged cells and is critical for the mainte-
nance of tissue homeostasis [13]. Apoptosis is regulated at
multiple molecular levels, including anti- and pro-apop-
totic members of the BCL2 family such as BCL2- and
BCL2-associated X (BAX), respectively, as well as cas-
pase-3 (CASP3) and caspase-7 [14]. The polyphenol cur-
cumin has anti-cancer activity and has been shown to
induce apoptosis via mitochondrial pathways in various
cancer cell types by modulating the expression of BCL2
protein family members [15, 16]. Furthermore, chlorogenic
acid stimulated apoptosis and inhibited cell proliferation in
a human acute promyelocytic leukemia cell line [17].
Chlorogenic acid induced the expression of several cas-
pases and mitochondria-dependent pathways to promote
apoptotic cell death in U937 human leukemia cells [18].
The effects of these polyphenols suggest that they could
have potential as cancer therapeutic agents [19]. On the
other hand, cancer stem cells (CSCs) are resistant to gen-
eral therapies and may be responsible for tumor relapse
[20]. Therefore, standard chemotherapy is often ineffective
against cancer stem cells (CSCs) and for epithelial-mes-
enchymal transition (EMT) patients. For patients with
progressive cancer, decreases in survival rates are largely
due to tumor relapse and metastasis [21]. Previously, anti-
apoptotic proteins such as BCL-XL were shown to have
anti-apoptotic effects and promote chemoresistance in
hyaluronan-mediated-CD44-activated tumor cells [22] In
non-small cell lung cancer (NSCLC), apoptosis plays a role
in drug resistance [23], whereas expressions of stem cell
markers, CD44, NANOG, Oct4 are also related to drug
resistance. These findings indicate that expression of stem
cell markers may be associated with apoptosis regulation.
CD44 is expressed by various cancer cells and is an
important stem cell marker [24, 25]. Similarly, the stem
cell marker NANOG is a key transcription factor for self-
renewal and is required for maintenance of embryonic stem
cells [26]. NANOG is also expressed in several tumor cell
lines [27]. Meanwhile, the SOX?2 gene regulates stem cell
function and organogenesis [28] and regulates multiple
malignant processes in cancer development in breast can-
cer [29]. Oct4 is another stem cell marker that contributes
to self-reproductive capacity and multipotency [30]. Oct4
interacts with NANOG and SOX2 to regulate differentia-
tion and maintain pluripotency [31]. On the other hand,
hypoxia induces stem cell-like properties of cancer cell
lines by increasing the expression of stem cell genes
(OCT4 gene symbol; POUSF1, SOX2, and NANOG) and
the CD133+4 stem cell fraction [32].
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Anti-cancer activity of polyphenols can regulate the
interplay between autophagy [33, 34] and apoptosis
[35, 36]. Furthermore, polyphenols have also been impli-
cated in several mechanisms associated with CSCs [37].
Although chlorogenic acid is thought to have anti-cancer
properties, the mechanisms of these effects are unclear. We
hypothesized that chlorogenic acid affects gene expression
of apoptotic-related genes and cancer stem cell markers. In
this study we investigated the anti-cancer role of chloro-
genic acid in A549 human lung cancer cells by examining
the effect of this compound on apoptosis and the expres-
sions of several stem cell markers such as OCT4, SOX2,
CD44, and NANOG under ischemic conditions.

Results
Effect of chlorogenic acid on A549 cell proliferation

To examine the antitumor effects of chlorogenic acid,
A549 cells were treated with 30 or 50 uM chlorogenic acid
for 24 h before cell proliferation was assessed using an
MTT assay. Chlorogenic acid at 30 and 50 puM inhibited
the cell proliferation of A549 cells by 27 and 39%,
respectively, relative to untreated cells (n = 4, Fig. 1).

Effect of chlorogenic acid on gene expression
of BCL2, BAX, and CASP3 in A549 cells

In addition to A549 cells, we examined the effect of
chlorogenic acid on the human lung cancer cell lines Lu65
and Lu 135. Both cell lines showed similar increases in
BAX gene expression following chlorogenic acid treatment
wherein treatment of Lu65 and Lu 135 cells with 30 uM
chlorogenic acid increased BAX expression by 105 and
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Fig. 1 Effect of chlorogenic acid on A549 cell proliferation
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113%, respectively, relative to untreated control cells, and
at 50 pM the increase was 117 and 115% for Lu65 and
Lul35 cells, respectively. Meanwhile, similar changes in
BAX expression following treatment of A549 cells with
chlorogenic acid were seen in studies focusing on the anti-
cancer activity of polyphenols. Therefore, in this study we
used only A549 cells.

In this study, the expression of several genes associated
with apoptosis was examined in A549 cells treated for 8 h
with chlorogenic acid at increasing concentrations (10, 30,
and 50 uM). At 30 and 50 uM, chlorogenic acid signifi-
cantly (p < 0.05) reduced gene expression of BCL2 to 75
and 69%, respectively (n = 4), of that for untreated A549
cells (Fig. 2a). At 10 uM chlorogenic acid, the expression
levels did not significantly differ from untreated cells
(Fig. 2a). Meanwhile, chlorogenic acid significantly
(» < 0.05) induced gene expression of BAX (30 uM,
110%; 50 uM, 127%) (n = 4) relative to untreated cells
(Fig. 2b). Additionally, the gene expression of CASP3
significantly (p < 0.05) increased in cells treated with 10

Fig. 2 Effect of chlorogenic
acid on BCL2, BAX, and CASP3
gene expression in A549 cells
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(110%) and 30 uM (115%) chlorogenic acid as compared
with untreated A549 cells (n = 4, Fig. 2c). However,
CASP3 gene expression was not increased in cells treated
with 50 pM chlorogenic acid relative to that in untreated
A549 cells. In particular, the ratio of BAX to BCL2 showed
a chlorogenic acid concentration-dependent increase in
expression (Fig. 2d). These results indicate that chloro-
genic acid can enhance expression levels of several genes
that play roles in apoptosis of A549 cells.

Expression of BCL2, BAX, and CASP3 protein
in A549 cells treated with chlorogenic acid

To examine the protein expression of BCL2 and BAX, we
examined cells that were treated with 2, 10, and 30 uM
chlorogenic acid for 24 h. The protein expression levels of
BCL2 were significantly (p < 0.05) reduced by chloro-
genic acid treatment compared with untreated A549 cells
(2 uM, 32%; 10 pM, 29%, 30 uM, 77%) (n = 4; Fig. 3).
In contrast, the protein expression of BAX following
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Fig. 3 Effect of chlorogenic
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treatment with 2 and 10 pM chlorogenic acid increased by
119 and 134% (n = 4), respectively, relative to untreated
cells (Fig. 3). The increase in the expression ratio of BAX/
BCL2 was also confirmed by western blotting (Fig. 3).

Effect of chlorogenic acid on fluorescence intensity
of annexin V in A549 cells

Apoptosis in chlorogenic acid-treated cells was also
assessed by binding of fluoresceinated annexin V.
Chlorogenic acid exposure induced the expression of flu-
oresceinated annexin V in A549 cells (Fig. 4). Specifically,
treatment with chlorogenic acid at 100 and 150 pM sig-
nificantly (p < 0.05) increased annexin V upregulation
(results not seen at 10, 30, or 50 uM). Chlorogenic acid

Fig. 4 Effect of chlorogenic
acid on fluorescence intensity of
annexin V in A549 cells
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inhibited cell proliferation such that the cell number in the
chlorogenic acid group may have been reduced relative to
that for control conditions. Chlorogenic acid did enhance
the fluorescence intensity of annexin V, indicating
increased levels of apoptosis (Fig. 4).

Effect of chlorogenic acid on gene expression of p38
MAP and JUN in A549 cells

To examine the gene expression of p38 MAP and JUN, we
treated A549 cells with 10, 30, or 50 uM chlorogenic acid
for 8 h. A549 cells treated with 10 uM chlorogenic acid
had expression levels that were similar to that of untreated
cells, whereas A549 cells exposed to 30 and 50 uM
chlorogenic acid showed significantly (p < 0.05) increased
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gene expression of p38 MAP (30, 118%; 50 uM, 127%)
(n =4) and JUN (30, 116%; 50 uM, 123%) compared to
untreated cells (n = 4; Fig. 5).

Effect of several inhibitors on chlorogenic acid-
mediated BAX gene expression in A549 cells

As noted above, treatment of A549 cells with chlorogenic
acid increased the expression levels of BAX and in turn the
number of apoptotic cells. To identify pathways that may
be involved in chlorogenic acid-dependent regulation of
gene expression, we next assessed the effects of the p38
MAP kinase inhibitor SB203580, the antioxidant inhibitor
N-acetylcysteine (NAC), the phosphodiesterase inhibitor
dipyridamole (DIP), and the NADPH-oxidase inhibitor
apocynin (Fig. 6). SB203580, NAC, DIP, and apocynin all
significantly (p < 0.05) inhibited gene expression of BAX
relative to untreated cells. In particular, BAX gene
expression was nearly completely attenuated in the pres-
ence of PD98059, NAC, and apocynin. The action of these
inhibitors suggests that several kinases and reactive oxygen
species (ROS) pathways might be involved in the effects of
chlorogenic acid.

Expression of stem cell marker-related genes
following treatment of A549 cells with chlorogenic
acid

Given the chlorogenic acid-mediated increase in BAX
expression, we next examined whether chlorogenic acid
affected expression of stem cell markers that may also be
associated with the regulation of apoptosis. Treatment of
A549 cells for 8 h with increasing amounts of chlorogenic
acid (10, 30, and 50 pM) significantly (p < 0.05) reduced
gene expression of NANOG (30 uM, 85%; 50 uM, 79%)
(n = 4) relative to untreated A549 cells (Fig. 7b). Simi-
larly, gene expression of POUSFI and SOX2 was

Fig. 5 Effect of chlorogenic
acid on p38 MAP and JUN gene
expression in A549 cells
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significantly (p < 0.05) decreased in the presence of
chlorogenic acid compared to untreated A549 cells
(Fig. 7c, d). These results indicate that chlorogenic acid
treatment reduces expression levels of stem cell marker
genes in A549 cells.

Discussion

In A549 human lung cancer cells, our studies indicated that
chlorogenic acid decreased cell proliferation and regulated
the expression of the apoptosis-related genes BCL2, BAX,
and CASP3 as well as genes encoding stem cell markers
associated with cancer cell self-renewal: NANOG,
POUSF1, and SOX2. In addition, chlorogenic acid induced
the expression of annexin V in A549 cells. Enhanced BAX
expression in the presence of chlorogenic acid treatment
was associated with pathways that regulate oxidative stress
and p38 MAP-dependent signaling. Together these results
indicate that the chlorogenic acid can affect the expression
of apoptosis-related genes and stem cell markers.

The control and reduction of apoptotic cell death can in
turn modulate immune responses in cancer development
[38, 39]. The BCL2 family, which includes anti-apoptotic
BCL2 and pro-apoptotic BAX, along with CASP3, is the
main regulatory protein involved in apoptosis [40]. The
BAX protein forms a heterodimer with BCL2, and induces
apoptosis. In particular, increases in the BCL2/BAX ratio
are an essential factor in the suppression of apoptosis [41].
In chronic lymphocytic leukemia, an increase in the BCL2/
BAX ratio rendered cells resistant to apoptosis, and the
clinical significance of this change was demonstrated by an
increase in chemoresistance [42, 43]. Here we found that
BAX and BCL2 gene expression in A549 cells was
enhanced and reduced, respectively, by chlorogenic acid.
In addition, chlorogenic acid increased CASP3 gene
expression levels.
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The increase in BAX gene expression in A549 cells in
response to chlorogenic acid treatment was likely associ-
ated with ROS- and p38MAP-mediated pathways as indi-
cated by results from experiments using specific inhibitors
and measurements of p38 MAP and JNK gene expression.
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This result is similar to that seen for treatment of A549
cells with another polyphenol, curcumin, which enhances
apoptosis via oxidative stress and MAPK signaling path-
ways [44]. Specifically, curcumin-enhanced apoptosis is
associated with reduced amounts of intracellular reactive
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oxygen species, increased superoxide dismutase activity,
and decreased amounts of malondialdehyde. Furthermore,
induction of apoptosis by curcumin is accompanied by
activation of the mitogen-activated protein kinase signaling
pathway factors c-Jun N-terminal kinase, p38, and extra-
cellular signal-regulated kinase. On the other hand,
oleanolic acid is abundant in several vegetables [45] and
enhances ROS-dependent ASK1 activation that in turn
promotes p38 MAPK-dependent apoptosis in cancer cells
[46]. These reports, together with our data, suggest that
chlorogenic acid mediates its pro-apoptotic effects by
regulating oxidative stress and activation of p38 MAPK.
Apoptosis is known to play a role in drug resistance in
non-small cell lung cancer (NSCLC) [23]. In NSCLC
tumor cells that show upregulated levels of HA-CD44, the
anti-apoptotic Bcl2 family member BCL-xL. was associ-
ated with cellular resistance to both apoptosis and
chemotherapeutic agents [27]. In addition, cancer stem
cells are associated with cancer drug resistance, metastasis,
and recurrence. CD44, NANOG, Oct4, and SOX2 are
important stem cell markers [25, 26]. Previous reports
indicated that the flavonoid apigenin prevented prolifera-
tion and migration of both cancer cells and cancer stem
cells [47]. Treatment with apigenin is associated with
decreased expression levels of the pluripotency marker
Oct3/4 and these decreases might be associated with down-
regulation of the PI3K/Akt/NF-kB pathway. Here we
investigated A549 cells to determine whether chlorogenic
acid influenced the expression of genes related to cancer
stem cells. NANOG, POUS5F 1, and SOX2 gene expressions
were decreased following treatment of A549 cells with
chlorogenic acid, suggesting that it can suppress the
expression of several stem cell markers in A549 cells.
Taken together, the present study investigated the anti-
cancer effects of chlorogenic acid in A549 human lung
cancer cells. Cancer cells are often resistant to anti-cancer
drugs due to their capacity to resist drug-induced apoptosis.
Although cytotoxic chemotherapy kills cancer cells, cancer
stem cells can survive and retain the ability to convert
heterogenic tumor mass [48]. Here, chlorogenic acid
stimulated the expression of several apoptosis-associated
genes and enhanced annexin V expression. In contrast,
inhibitors of the p38 MAP kinase pathway, antioxidants,
phosphodiesterase, and NADPH-oxidase blocked chloro-
genic acid-induced increases in BAX gene expression. This
result is consistent with earlier findings showing that other
phytochemicals can block p38 MAP signaling pathway
activity. In addition, chlorogenic acid decreased the gene
expressions of stem cell markers NANOG, POUSF1, and
SOX2. These results indicate that the chlorogenic acid
polyphenol that is naturally found in fruits and vegeta-
bles may be a candidate compound for preventing lung
cancer through the elimination of cancer stem cells.

Materials and methods
Materials

The human adenocarcinoma cell line A549, as well as Lu
65 and Lu 135 cells, which were derived from lung cancer
tissue, was obtained from the Health Science Research
Resources Bank (HSRRB, Osaka, Japan). Dulbecco’s
modified Eagle’s medium (DMEM) was purchased from
Wako Pure Chemical Industries, Ltd. (Japan, Tokyo).
Chlorogenic acid and fetal bovine serum (FBS) were pur-
chased from Sigma-Aldrich Japan (Tokyo, Japan). Super-
script III, TRIzol reagent, and DNase were purchased from
Life Technologies Japan, Inc. (Tokyo, Japan). GoTagq-
Green Master Mix was purchased from Promega KK
(Tokyo, Japan). Bradford reagent was obtained from Bio-
Rad (Richmond, CA, USA). BAX (SC-493) antibodies
were purchased from Santa Cruz Biotechnology (Dallas,
TX, USA). BCL2 (#2876) and B-actin (#4970) antibodies
were purchased from Cell Signaling Technology Japan
K.K. (Tokyo, Japan). Alexa Fluor 488 conjugate annexin V
(Alexa Fluor® 488 annexin V/Dead Cell Apoptosis Kit
V13241, Life Technologies Japan) was purchased from
Life Technologies. N-acetyl-L-cysteine (NACO),
diphenyleneiodonium (DIP), apocynin (NADPH inhibi-
tor), and SB203580 (p38 MAPK inhibitor) were purchased
from Sigma-Aldrich, Inc. (St. Louis, MO, USA). Stock
solutions of chlorogenic acid (100 pM) were made using
dimethyl sulfoxide (DMSO) and stored at —20 °C. We
confirmed that the DMSO vehicle alone had no effect. All
other reagents, unless otherwise indicated, were purchased
from Life Technologies Japan and Sigma-Aldrich.

Cells and culture conditions

A549 cells were inoculated on culture plates (Falcon;
Becton—Dickinson) and cultured in DMEM containing
10% FBS, penicillin (50 U/mL), and streptomycin
(100 pg/mL) and plated on 25-cm? flasks at a density of
6 x 10° cells/cm? until they reached confluence at 37 °C in
a CO, incubator. A549 cells were plated on 100-mm cul-
ture dishes (Sumitomo Bakelite Co., Ltd.) or 96-well,
24-well plates (Falcon; Becton—Dickinson) at an initial
density of 2 x 10° cells/cm® and were grown in DMEM
containing 10% FBS until confluence was reached. One
day later, A549 cells were exposed to chlorogenic acid
(0-100 pM) or FBS-supplemented DMEM lacking
chlorogenic acid as a control.
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Cell proliferation determination by MTT assay

For MTT assay, A549 cells were seeded in serum-free and
serum-reduced growth medium (1% FBS) and grown
overnight. A549 cells were seeded in 96-well plates at 1000
cells/well in DMEM medium supplemented with 1% FBS.
After 24 h, chlorogenic acid (10, 30, and 50 M) or DMSO
only (0.1% vol/vol) was added, and the cells were incu-
bated for 24-72 h. Cell growth was determined by MTT
assay according to the manufacturer’s instructions (Do-
jindo Molecular Technology, Inc. Kumamoto, Japan).

Annexin V staining assay for apoptosis analysis

Apoptosis status can be detected by the binding of fluo-
rescein-labeled annexin V. A549 cells were seeded in 10%
FBS and grown overnight in serum-reduced growth med-
ium (1% FBS). The cells were then seeded in 24-well
plates at 3000 cells/well in DMEM medium supplemented
with 1% FBS. After 24 h, A549 cells were stimulated with
polyphenol (10, 30, 50 uM) incubated at 37 °C for
2448 h, and stained for apoptosis using Alexa Fluor 488
conjugate annexin V (Life Technologies Japan). The plates
were incubated for 20 min at 4 °C in the dark. For quan-
tification of results, fluorescence intensity was measured
under the same exposure conditions and the same area as
that used with the BZ-8000 fluorescent microscope (Key-
ence, Tokyo, Japan). At least 10,000 cells per group were
counted.

RNA extraction and polymerase chain reaction
(PCR)

Total RNA was extracted from cultured A549 cells fol-
lowing treatment with TRIzol and DNase I for 15 min at
room temperature to remove genomic DNA. Synthesis of
cDNA was performed by annealing total RNA to 50 pM
oligo (dt) (5 min at 65 °C and 5 min at 95 °C) in a reaction
mixture containing first strand buffer, DTT (7.5 mM),
random primer (250 ng), dNTP (0.5 mM), RNase OUT
(1 unit/pL), and Superscript III reverse transcriptase
(5 units/pL). Reverse transcription-PCR (RT-PCR) was
performed for BCL2, BAX, CASP3, NANOG, POU5F1, and
SOX2 as described previously [49]. Reactions were incu-
bated initially at 94 °C for 10 min, 55 °C for 2 min, and
72 °C for 3 min for 35 cycles using the GoTaqg-Green
Master Mix (Promega K.K., Tokyo, Japan) with a PCR
System 9700 (Applied Biosystems) as described previously
[50]. Gene products amplified by PCR were evaluated by
electrophoresis in 2% NuSieve 3:1 agarose gels (FMC
Products, Rockland, ME) and visualized with UV illumi-
nation after staining with ethidium bromide. Gene
expression levels were calculated relative to 18S ribosomal
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RNA. In addition, we used quantitative PCR to confirm the
RT-PCR results. Quantitative PCR was performed using
real-time ‘TagMan TM’ technology [51] [50] and the
results were evaluated using a Sequence Detector System
(Applied Biosystems. CA, USA) as described previously
[52]. Primers and the TagMan probes were selected from
GenBank (Accession number BCL2; NM_000633, Bax;
NM_138763, CAS3; BC016926, NANOG; NM_024865,
POUSFI; NM_002701, SOX2; NM_003106 and designed
using the primer design software Primer Express (Applied
Biosystems). The forward and reverse primers for BCL2
were 5'-AAGTGAAC ATTTCGGTGACTTCC-3' and 5'-
ACTTCGGTCTCCT AAAAGCAGG-3/, respectively. The
TagMan probe sequence for BCL2 was 5'-CCA-
GAGCATCAGG CCGCCAC-3'. For BAX, the forward and
reverse primers were 5'-GACGGCAACTTCAACTGGG-3’
and 5-CAGGGCCTTGAGCACCA-3’, respectively, and
the TagMan probe sequence was 5'-
GTCGCCCTTTTCTACTTTGCCAGC-3'. The forward
and reverse primers for CASP3  were 5'-
GCCTGTTCCATGAAGGCAG-3' and 5-CGTATGGA-
GAAATGGGCTGTAG-3/, respectively, and the TagMan
probe  sequence was 5'-CCATGGACCACGCAG-
GAAGGG-3'. The forward and reverse primers for
NANOG were 5'-TCAGGACAGCCCTGATTCTTC-3' and
5'-TGCGACACTCTTCTCTGCAG-3’, respectively, and
the TagMan probe sequence was 5'-CAGTCCCAAAGG-
CAAACAACCCACT-3'. For POUS5F1, the forward and
reverse primers were 5'-ATGTGGTCCGAGTGTGGTTC-
3’ and 5-GCATAGTCGCTGCTTGATCG-3/, respec-
tively, and the TagMan probe sequence was 5'-
TAACCGGCGCCAGAAGGGCA-3'. The forward and
reverse primers for SOX2 were 5-GAATGCCTT-
CATGGTGTGGT-3’ and 5-CGCTTGCTGATCTCC-
GAG-3/, respectively, and the TagMan probe sequence was
5'-AGATGGCCCAGGAGAACCCCAAG-3'. The ampli-
fication reaction mixture (50 pL) contained 25 ng of the
cDNA sample; 1.25 U AmpliTagAmpliTag DNA poly-
merase; 1X PCR reaction buffer; 200 nM of each primer;
200 pM dATP, dCTP, and dGTP; and 400 pM dUTP;
5.5 mM MgCl,; and 100 nM TagMan probe (Applied
Biosystems). The thermal cycling conditions included
2 min at 50 °C and 10 min at 95 °C. Thermal cycling
proceeded with 40 cycles at 95 °C for 15 s and 60 °C for
1 min.

Protein determination

Protein levels were measured using the Bio-Rad protein
assay kit (Bio-Rad, Richmond, CA, USA) with BSA as a
standard.
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Western blot analysis

A549 cells were washed in ice-cold PBS and immediately
resuspended in RIPA buffer containing 25 mM Tris (pH
7.5), 1% Triton X-100, 150 mM NaCl, 1 mM DTT, 1 mM
EDTA (pH 8.0). Cell lysates (15-30 pg protein/line) were
separated by SDS-PAGE and transferred to polyvinylidene
difluoride membranes as described previously [53]. Mem-
branes were then incubated with primary antibodies (anti-
BCL2, anti-BAX, anti-B-actin) for 1.5-5 h. After two
washes, membranes were incubated with a horseradish
peroxidase-conjugated secondary antibody (Life Tech-
nologies Japan, Tokyo, Japan), and protein levels were
detected using an enhanced chemiluminescence system
(Life Technologies Japan) with a C-Digit blot scanner (MS
Techno Systems Inc., Tokyo, Japan).

Statistical analysis

Data are presented as mean £ SE. Significance of differ-
ences was determined using Fisher’s protected least sig-
nificant difference (PLSD) method following an analysis of
variance (ANOVA).

Confluent A549 cells were exposed to the indicated
concentration of chlorogenic acid (0, 10, 30, and 50 pM)
for 24 h. Cell growth was determined by MTT assay. FBS;
fetal bovine serum. 0.5; 0.5% FBS, 10; 10% FBS, 30; 10%
FBS plus 30 uM Chlorogenic acid, 50; 10% FBS plus
50 uM  Chlorogenic acid. Columns show mean + SE
(n =4), *P < 0.05.

Confluent A549 cells were exposed to the indicated
concentration of chlorogenic acid (0, 10, 30, and 50 uM)
for 8 h, after which total cellular RNA was used for RT-
PCR analysis. Comparison of (A) BCL2, (B) BAX,
(C) CASP3, and (D) BAX/BCL2 ratio gene expression in
A549 cells. Gene expression levels were normalized to 18S
ribosomal RNA. Columns show mean + SE (n = 4),
*P < 0.05.

Confluent A549 cells were exposed to the indicated
concentration of chlorogenic acid (0, 10, 30, and 50 uM)
for 24 h, after which BCL2 and BAX protein levels were
assessed by western blotting. Total protein (30 pg) was
analyzed by western blot with an anti-BCL2 antibody or an
anti-BAX antibody. Columns show mean £ SE (n = 4),
*P < 0.05, n = 4.

Confluent A549 cells were exposed to the indicated
concentration of chlorogenic acid (100 or 150 uM) for
24 h. Columns show mean £+ SE (n = 4), *P < 0.05.

Confluent A549 cells were exposed to the indicated
amount of chlorogenic acid (0, 10, 30, and 50 uM) for 8 h,
after which total cellular RNA was used for RT-PCR
analysis. Comparison of (A) p38 MAP gene expression in
A549 cells. Gene expression levels were normalized to 18S

ribosomal RNA. Columns show mean + SE (n = 4),
*P < 0.05.

Confluent A549 cells were exposed to 30 uM chloro-
genic acid in the presence or absence of the indicated
inhibitor for 8 h, after which total cellular RNA was used
for RT-PCR analysis. Gene expression levels were nor-
malized to 18S ribosomal RNA. SB; SB203580, NAC; N-
acetylcysteine Apo; apocynin, DIP; dipyridamole. Col-
umns show mean = SE (n = 4), *P < 0.05.

Confluent A549 cells were exposed to the indicated
amount of chlorogenic acid (0, 10, 30, and 50 uM) for 8 h,
after which total cellular RNA was used for RT-PCR
analysis. Comparison of (A) CD44, (B) NANOG,
(C) POUSF I, and (D) SOX2 gene expression in A549 cells.
Gene expression levels were normalized to 18S ribosomal
RNA. Columns show mean & SE (n = 4), *P < 0.05.

Funding This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards

Conflicts of interest The authors declare that they have no com-
peting interests.

References

1. Pfister DG, Johnson DH, Azzoli CG, Sause W, Smith TJ et al
(2004) American Society of Clinical Oncology treatment of
unresectable non-small-cell lung cancer guideline: update 2003.
J Clin Oncol 22:330-353

2. Gatof D, Ahnen D (2002) Primary prevention of colorectal can-
cer: diet and drugs. Gastroenterol Clin North Am 31:587-623

3. Harper CE, Patel BB, Wang J, Arabshahi A, Eltoum IA et al
(2007) Resveratrol suppresses prostate cancer progression in
transgenic mice. Carcinogenesis 28:1946-1953

4. Li MJ, Yin YC, Wang J, Jiang YF (2014) Green tea compounds
in breast cancer prevention and treatment. World J Clin Oncol
5:520-528

5. Ogawa T, Sawada N, Iwasaki M, Budhathoki S, Hidaka A et al
(2016) Coffee and green tea consumption in relation to brain
tumor risk in a Japanese population. Int J Cancer 139:2714-2721

6. Larsson SC, Giovannucci EL, Wolk A (2017) Coffee consump-
tion and risk of gallbladder cancer in a prospective study. J Natl
Cancer Inst 109:1-3

7. Fabiani R, Minelli L, Rosignoli P (2016) Apple intake and cancer
risk: a systematic review and meta-analysis of observational
studies. Public Health Nutr 19:2603-2617

8. Hou N, Liu N, Han J, Yan Y, Li J (2017) Chlorogenic acid
induces reactive oxygen species generation and inhibits the via-
bility of human colon cancer cells. Anticancer Drugs 28:59-65

9. Vitaglione P, Fogliano V, Pellegrini N (2012) Coffee, colon
function and colorectal cancer. Food Funct 3:916-922

10. Huang MT, Smart RC, Wong CQ, Conney AH (1988) Inhibitory
effect of curcumin, chlorogenic acid, caffeic acid, and ferulic acid
on tumor promotion in mouse skin by 12-O-tetradecanoylphor-
bol-13-acetate. Cancer Res 48:5941-5946

@ Springer



18

Mol Cell Biochem (2018) 441:9-19

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kasai H, Fukada S, Yamaizumi Z, Sugie S, Mori H (2000) Action
of chlorogenic acid in vegetables and fruits as an inhibitor of
8-hydroxydeoxyguanosine formation in vitro and in a rat car-
cinogenesis model. Food Chem Toxicol 38:467-471

D’ Archivio M, Filesi C, Di Benedetto R, Gargiulo R, Giovannini
C et al (2007) Polyphenols, dietary sources and bioavailability.
Ann Ist Super Sanita 43:348-361

Guchelaar HJ, Vermes A, Vermes I, Haanen C (1997) Apoptosis:
molecular mechanisms and implications for cancer chemother-
apy. Pharm World Sci 19:119-125

Boise LH, Gottschalk AR, Quintans J, Thompson CB (1995) Bcl-
2 and Bcl-2-related proteins in apoptosis regulation. Curr Top
Microbiol Immunol 200:107-121

Karunagaran D, Rashmi R, Kumar TR (2005) Induction of
apoptosis by curcumin and its implications for cancer therapy.
Curr Cancer Drug Targets 5:117-129

Shankar S, Srivastava RK (2007) Bax and Bak genes are essential
for maximum apoptotic response by curcumin, a polyphenolic
compound and cancer chemopreventive agent derived from tur-
meric, Curcuma longa. Carcinogenesis 28:1277-1286

Liu YJ, Zhou CY, Qiu CH, Lu XM, Wang YT (2013) Chloro-
genic acid induced apoptosis and inhibition of proliferation in
human acute promyelocytic leukemia HL-60 cells. Mol Med Rep
8:1106-1110

Yang JS, Liu CW, Ma YS, Weng SW, Tang NY, Wu SH, Ji BC,
Ma CY, Ko YC, Funayama S, Kuo CL (2012) Chlorogenic acid
induces apoptotic cell death in U937 leukemia cells through
caspase- and mitochondria-dependent pathways. In Vivo
26:971-978

Ramos S (2008) Cancer chemoprevention and chemotherapy:
dietary polyphenols and signalling pathways. Mol Nutr Food Res
52:507-526

Meacham CE, Morrison SJ (2013) Tumour heterogeneity and
cancer cell plasticity. Nature 501:328-337

Mitra A, Mishra L, Li S (2015) EMT, CTCs and CSCs in tumor
relapse and drug-resistance. Oncotarget 6:10697-10711
Bourguignon LY, Gilad E, Brightman A, Diedrich F, Singleton P
(2006) Hyaluronan-CD44 interaction with leukemia-associated
RhoGEF and epidermal growth factor receptor promotes Rho/Ras
co-activation, phospholipase C epsilon-Ca2+ signaling, and
cytoskeleton modification in head and neck squamous cell car-
cinoma cells. J Biol Chem 281:14026-14040

Paul I, Jones JM (2014) Apoptosis block as a barrier to effective
therapy in non small cell lung cancer. World J Clin Oncol
5:588-594

Prince ME, Sivanandan R, Kaczorowski A, Wolf GT, Kaplan MJ,
Dalerba P, Weissman IL, Clarke MF, Ailles LE (2007) Identifi-
cation of a subpopulation of cells with cancer stem cell properties
in head and neck squamous cell carcinoma. Proc Natl Acad Sci
USA 104:973-978

Mack B, Gires O (2008) CD44s and CD44v6 expression in head
and neck epithelia. PLoS ONE 3:e3360

Mitsui K, Tokuzawa Y, Itoh H, Segawa K, Murakami M, Taka-
hashi K, Maruyama M, Maeda M, Yamanaka S (2003) The
homeoprotein Nanog is required for maintenance of pluripotency
in mouse epiblast and ES cells. Cell 113:631-642

Bourguignon LY, Xia W, Wong G (2009) Hyaluronan-mediated
CD44 interaction with p300 and SIRT1 regulates B-catenin sig-
naling and NFkB-specific transcription activity leading to MDR1
and Bcl-xL gene expression and chemoresistance in breast tumor
cells. J Biol Chem 284:2657-2671

Gontan C, de Munck A, Vermeij M, Grosveld F, Tibboel D,
Rottier R (2008) Sox2 is important for two crucial processes in
lung development: branching morphogenesis and epithelial cell
differentiation. Develop Biol 317:296-309

@ Springer

29.

30.

31.

32.

33.

34.

35.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Liu K, Xie F, Gao A, Zhang R, Zhang L, Xiao Z, Hu Q, Huang
W, Huang Q, Lin B, Zhu J, Wang H, Que J, Lan X (2017) SOX2
regulates multiple malignant processes of breast cancer devel-
opment through the SOX2/miR-181a-5p, miR-30e-5p/TUSC3
axis. Mol Cancer 16:62

Wang X, Dai J (2010) Concise review. Isoforms of OCT4 con-
tribute to the confusing diversity in stem cell biology. Stem Cells
28:885-893

Kashyap V, Rezende NC, Scotland KB, Shaffer SM, Persson JL,
Gudas LJ, Mongan NP (2009) Regulation of stem cell pluripo-
tency and differentiation involves a mutual regulatory circuit of
the NANOG, OCT4, and SOX2 pluripotency transcription factors
with polycomb repressive complexes and stem cell microRNAs.
Stem Cells Dev 18:1093-1108

Wu CP, Du HD, Gong HL, Li DW, Tao L, Tian J, Zhou L (2014)
Hypoxia promotes stem-like properties of laryngeal cancer cell
lines by increasing the CD1334- stem cell fraction. Int J Oncol
44:1652-1660

Opipari AW, Tan L, Boitano AE, Sorenson DR, Liu Aurora A
(2004) Resveratrol-induced autophagocytosis in ovarian cancer
cells. Cancer Res 64:696-703

Lee YJ, Kim NY, Suh YA, Lee C (2011) Involvement of ROS in
curcumin-induced autophagic cell death. Korean J Physiol
Pharmacol 15:1-7

Seo HS, Ku JM, Choi HS, Woo JK, Jang BH, Go H, Shin YC, Ko
SG (2015) Apigenin induces caspase-dependent apoptosis by
inhibiting signal transducer and activator of transcription 3 sig-
naling in HER2-overexpressing SKBR3 breast cancer cells. Mol
Med Rep 12:2977-2984

. Chen J, Duan Y, Zhang X, Ye Y, Ge B, Chen J (2015) Genistein

induces apoptosis by the inactivation of the IGF-1R/p-Akt sig-
naling pathway in MCF-7 human breast cancer cells. Food Funct
6:995-1000

Li Y, Zhang T, Korkaya H, Liu S, Lee HF, Newman B, Yu Y,
Clouthier SG, Schwartz SJ, Wicha MS (2010) Sulforaphane, a
dietary component of broccoli/broccoli sprouts, inhibits breast
cancer stem cells. Clin Cancer Res 16:2580-2590

Guo Y, Chang H, Li J, Xu XY, Shen L, Yu ZB, Liu WC (2015)
Thymosin alpha 1 suppresses proliferation and induces apoptosis
in breast cancer cells through PTEN-mediated inhibition of PI3K/
Akt/mTOR signaling pathway. Apoptosis 20:1109-1121

Wang M, Zhang C, Song Y, Wang Z, Wang Y, Luo F, Xu Y,
Zhao Y, Wu Z, Xu Y (2017) Mechanism of immune evasion in
breast cancer. Onco Targets Ther 10:1561-1573

Reed JC, Miyashita T, Takayama S, Wang HG, Sato T, Kra-
jewski S, Aime-Sempe C, Bodrug S, Kitada S, Hanada M (1996)
BCL-2 family proteins: regulators of cell death involved in the
pathogenesis of cancer and resistance to therapy. J Cell Biochem
60:23-32

Sedlak TW, Oltvai ZN, Yang E, Wang K, Boise LH, Thompson
CB, Korsmeyer SJ (1995) Multiple Bcl-2 family members
demonstrate selective dimerizations with Bax. Proc Natl Acad Sci
USA 92:7834-7838

Pepper C, Hoy T, Bentley P (1998) Elevated Bcl-2/Bax are a
consistent feature of apoptosis resistance in B-cell chronic lym-
phocytic leukaemia and are correlated with in vivo chemoresis-
tance. Leuk Lymphoma 28:355-361

Del Principe MI, Dal Bo M, Bittolo T, Buccisano F, Rossi FM
et al (2016) Clinical significance of bax/bcl-2 ratio in chronic
lymphocytic leukemia. Haematologica 101:77-85

Yao Q, Lin M, Wang Y, Lai Y, HuJ, Fu T, Wang L, Lin S, Chen
L, Guo Y (2015) Curcumin induces the apoptosis of A549 cells
via oxidative stress and MAPK signaling pathways. Int J Mol
Med 36:1118-1126

Pollier J, Goossens A (2012) Oleanolic acid. Phytochemistry
77:10-15



Mol Cell Biochem (2018) 441:9-19

19

46.

47.

48.

49.

Liu J, Wu N, Ma LN, Zhong JT, Liu G, Zheng LH, Lin XK
(2014) p38 MAPK signaling mediates mitochondrial apoptosis in
cancer cells induced by oleanolic acid. Asian Pac J Cancer Prev
15:4519-4525

Erdogan S, Doganlar O, Doganlar ZB, Serttas R, Turkekul K,
Dibirdik I, Bilir A (2016) The flavonoid apigenin reduces prostate
cancer CD44(4) stem cell survival and migration through PI3K/
Akt/NF-xB signaling. Life Sci 162:77-86

MacDonagh L, Gray SG, Breen E, Cuffe S, Finn SP, O’Byrne KJ,
Barr MP (2016) Lung cancer stem cells: the root of resistance.
Cancer Lett 372:147-156

Yamagata K, Sone N, Suguyama S, Nabika T (2016) Different
effects of arginine vasopressin on high-mobility group box 1
expression in astrocytes isolated from stroke-prone spontaneously

50.

51.

52.

53.

hypertensive rats and congenic SHRpchl 18 rats. Int J Exp
Pathol 97:97-106

Yamagata K, Yamamoto M, Kawakami K, Ohara H, Nabika T
(2014) Arginine vasopressin regulated ASCT1 expression in
astrocytes from stroke-prone spontaneously hypertensive rats and
congenic SHRpch1_18 rats. Neuroscience 267:277-285

Gibson UE, Heid CA, Williams PM (1996) A novel method for
real time quantitative RT-PCR. Genome Res 6:996-1001
Rissoan MC, Soumelis V, Kadowaki N, Grouard G, Briere F, de
Waal Malefyt R, Liu YJ (1999) Reciprocal control of T helper
cell and dendritic cell differentiation. Science 283:1183-1186
Yamagata K, Tanaka N, Suzuki K (2013) Epigallocatechin
3-gallate inhibits 7-ketocholesterol-induced monocyte-endothe-
lial cell adhesion. Microvasc Res 88:25-31

@ Springer



	Chlorogenic acid regulates apoptosis and stem cell marker-related gene expression in A549 human lung cancer cells
	Abstract
	Introduction
	Results
	Effect of chlorogenic acid on A549 cell proliferation
	Effect of chlorogenic acid on gene expression of BCL2, BAX, and CASP3 in A549 cells
	Expression of BCL2, BAX, and CASP3 protein in A549 cells treated with chlorogenic acid
	Effect of chlorogenic acid on fluorescence intensity of annexin V in A549 cells
	Effect of chlorogenic acid on gene expression of p38 MAP and JUN in A549 cells
	Effect of several inhibitors on chlorogenic acid-mediated BAX gene expression in A549 cells
	Expression of stem cell marker-related genes following treatment of A549 cells with chlorogenic acid

	Discussion
	Materials and methods
	Materials
	Cells and culture conditions
	Cell proliferation determination by MTT assay
	Annexin V staining assay for apoptosis analysis
	RNA extraction and polymerase chain reaction (PCR)
	Protein determination
	Western blot analysis
	Statistical analysis

	References




