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Abstract: The development of new therapeutics for colorectal cancer (CRC) is urgently needed to address the limi-
tations of current treatments. This study was performed to investigate the anticancer activity of cynaropicrin (a
natural product) in CRC HCT116 cells and an oxaliplatin (Ox)-resistant HCT116 strain (HCT116-OxR). MTT cell vi-
ability assays showed that cynaropicrin inhibited the growth of HCT116 and HCT116-OxR cells in a dose- and time-
dependent manner. Cynaropicrin also induced apoptosis, as identified by an Annexin V-FITC/PI double staining, and
this apoptosis was accompanied by the phosphorylations of JNK and p38 MAPK. In addition, treatment with the
kinase-specific inhibitors SP600125 and SB203580 confirmed that this apoptosis was mediated by JNK and p38
MAPK. Flow cytometry analysis using the CellROX™ kit showed cynaropicrin increased reactive oxygen species (ROS)
levels, and N-acetylcysteine pretreatment confirmed ROS mediated the cytotoxicity of cynaropicrin. Flow cytometry
with propidium iodide staining and western blot analysis indicated that cynaropicrin induced cell cycle arrest at the
G2/M phase by modulating cell cycle regulators, and western blot analysis revealed that cynaropicrin altered the
balance of Bcl-2 family proteins. Also, flow cytometry using the Muse™ Multi-Caspase Kit showed cynaropicrin acti-
vated multiple caspases, the crucial roles of which were confirmed using the pan-caspase inhibitor Z-VAD-FMK. In
conclusion, cynaropicrin demonstrated anticancer activity against CRC cells by elevating ROS levels, activating JNK
and p38 MAPK, and inducing cell cycle arrest leading to apoptosis. Further studies are warranted to evaluate the
therapeutic potential of cynaropicrin in CRC.
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Introduction those aged less than 50. In this population, the

number of CRC patients is rising by 1-2% each

Cancer remains one of the leading causes of
death worldwide. More than two million
Americans are diagnosed with cancer each
year, and more than half a million succumb to
the disease [1]. Colorectal cancer (CRC) is the
third most common cancer type and claims
many lives annually [2]. Encouragingly, the past
decade has witnessed a slight decline in the
incidence of CRC, which has been attributed to
regular screenings, reduced smoking rates,
and other factors. However, it is concerning
that the incidence of CRC is increasing among

year, and this trend is threatening to reverse
overall progress in cancer prevention and to
increase the burden on healthcare systems [3].
Chemotherapy can be administered to CRC
patients after surgery or used to treat metastat-
ic disease [4]. Oxaliplatin (Ox) is the chemother-
apeutic agent of choice for treating CRC, but
drug resistance and other complications limit
its use [5]. Many attempts have been made to
develop more effective chemotherapeutic
agents to overcome the limitations of current
treatments, which include drug resistance and
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low bioavailability [6]. Natural products repre-
sent a valuable repertoire of anticancer drugs
and drug candidates [7], and nhumerous com-
pounds, such as podophyllotoxin [8], taxol [9],
and vinblastine [10], have been reported to
exhibit anticancer activity. Various mechanisms
contribute to the anticancer activity of natural
products, such as apoptosis [11], the inhibition
of angiogenesis [12], the modulation of immune
response [13], and the regulation of reactive
oxygen species (ROS) [14].

ROS play a crucial role in the regulation of can-
cer cell survival and death. Although short-
lived, ROS are highly reactive and significantly
affect cancer cells [15]. At low levels, ROS pro-
mote cancer cell growth [16], but at elevated
levels, ROS cause cell death via mitochondrial
disruption [17], death receptors [18], and the
perturbation of endoplasmic reticulum (ER)
[19]. Furthermore, cancer cell apoptosis may
be induced at high ROS levels [20].

Cynaropicrin is a sesquiterpene lactone initially
isolated from the artichoke (Cynara scolymus
L) [21] and has been reported to possess mul-
tiple biological activities, including the specific
apoptosis of melanoma cells [22]. Although lit-
tle is known about the anticancer activity of
cynaropicrin in CRC cells, it has been reported
to modulate ROS in various leukocyte, thyroid,
and melanocyte cancer cells [22-24]. In this
study, we investigated the anticancer activity of
cynaropicrin in Ox-sensitive and -resistant CRC
cells, that is, HCT116 and HCT116-OxR cells,
respectively, which allowed us to explore Ox
resistance [25]. Our results indicate that cyn-
aropicrin has potential therapeutic use for
treating Ox-resistant CRC.

Material and methods
Reagent and antibodies

Cynaropicrin (MW 346.4, 98% purity) was
obtained from Cayman Chemical (Ann Arbor,
MI, USA). Cell culture media (MEM and RPMI-
1640) were from WELGENE (Gyeongsan,
Gyeongsangbuk-do, Republic of Korea). Fetal
bovine serum (FBS), phosphate buffered saline
(PBS), penicillin/streptomycin (p/s), and trypsin
were purchased from Gibco (Carlsbad, CA,
USA). Basal Medium Eagle (BME) and N-acetyl-
cysteine (NAC) were obtained from Sigma-
Aldrich (St. Louis, MO, USA). 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium  bro-
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mide (MTT) was from Biosesang (Yongin,
Gyeonggi-do, Republic of Korea). Primary anti-
bodies against apoptotic protease activating
factor-1 (Apaf-1) (sc-33870), Bax (sc-20067),
BelxL (sc-8392), Bcl-2 (sc-7382), Bid (sc-
56025), caspase-3 (sc-7148), cdc2 (sc-8395),
cyclin B1 (sc-7393), p21 (sc-6246), p27 (sc-
56338), and B-actin (sc-47778) were obtained
from Santa Cruz Biotechnology (Dallas, TX,
USA). Antibodies against phospho (p)-JNK
(Thr183/Tyr185) (#9251), JNK (#9252), p-p38
(Thr180/Tyr182) (#9211), and p38 (#9212)
were purchased from Cell Signaling Bio-
technology (Beverly, MA, USA).

Cell culture and treatment

HCT116 and HEKa cells were obtained from
ATCC (Manassas, VA, USA). HCT116 and HEKa
cells were maintained in RPMI-1640 and DMEM
medium supplemented with 10% FBS and 1%
p/s, respectively. The oxaliplatin-resistant HCT-
116 cell line (HCT116-0xR) were acquired from
MD Anderson. HCT116-OxR cells were grown in
MEM medium supplemented with 10% FBS
and 1% p/s. To promote optimal growth, the cul-
ture medium was enriched with 1% sodium
pyruvate, 1% MEM nonessential amino acids,
and 1% MEM vitamins. We treated the cells
with 2 uM Ox. To achieve a specific result, the
cells were treated with cynaropicrin (0, 0.1, 0.2,
and 0.4 pg/mL) for 24 or 48 h. The HCT116
and HCT116-OxR cells were pretreated with
SP600125 (JNK inhibitor, 4 uM), SB203580
(p38 MAPK inhibitor, 5 uM), NAC (ROS inhibitor,
4 mM) or ZVAD-FMK (pan-caspase inhibitor, 4
puM) for 3 h and exposed to cynaropicrin (0.4
pug/mL) for 48 h.

Cell viability assay

HCT116 cells (5 x 102 cells/well), HCT116-0xR
cells (4 x 102 cells/well), or HEKa cells (8 x 103
cells/well) were cultured in a 96-well plate for
24 hours with 5% CO, at 37°C. The cells were
then treated with either cynaropicrin (0, 0.1,
0.2, and 0.4 ug/mL) or Ox (2 uM) for 24 and 48
h. After a 1 hour incubation period, 30 pl of
MTT reagent was added to each well. The
media was removed, and the formed insoluble
formazan crystals were dissolved in DMSO and
quantified at 570 nm using a microplate reader
(Thermo Fisher Scientific, Waltham, USA). Data
from four replicate experiments were used to
determine the relative cell viability.
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Anchorage-independent soft agar assay

HCT116 and HCT116-0OxR cells were seeded at
a density of 8 x 103 cells/well in 6-well plates
and treated with medium containing 0.3% agar
and the indicated concentrations of cynaropic-
rin and Ox. After 10 days of culture, the cells
were photographed under an optical micro-
scope (Leica Microsystems, Wetzlar, Germany)
and the number and size of colonies were
counted using i-Solution™ (Vancouver, BC,
Canada).

Western blotting

Cells were lysed using PRO-PREP™ protein
extraction solution, and protein concentrations
were measured using a BCA assay kit (Bio-Rad,
CA, USA). Equal amounts of protein were sepa-
rated by SDS-PAGE and transferred to PVDF
membranes. After blocking and incubation with
primary and secondary antibodies, immunore-
active bands were visualized using chemilumi-
nescence and detected with an ImageQuant™
LAS500 System (GE Healthcare, Uppsala,
Sweden) and an iBright™ CL1500 Imaging
System (Thermo Fisher Scientific). Blot images
were quantified using Image) software (NIH,
Bethesda, MD, USA) and relative band intensi-
ties were normalized to loading controls.

Cell cycle analysis

HCT116 and HCT116-OxR cells were treated
with various concentrations of cynaropicrin.
Cells were then fixed in 70% ethanol and kept
at-20°C for at least 24 h. Ethanol was removed
and treated with RNase A (2.5 uL) for 15 min at
RT. Propidium iodide (Pl) Reagent (5 pL) was
then added and analyzed on a MACSQuant®
Analyzer 16 flow cytometer (Miltenyi Biotec,
Bergisch Gladbach, Germany).

Analysis of Reactive Oxygen Species (ROS)

HCT116 and HCT116-OxR cells were incubat-
ed with CellROX™ Green Reagent for 30 min-
utes at 37°C. Intracellular ROS levels were
subsequently quantified using a MACSQuant®
Analyzer 16 Flow Cytometer.

Annexin V-FITC/PI double staining assay

HCT116 and HCT116-OxR cells were treated
with cynaropicrin for 48 hours. Following treat-
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ment, cells were harvested, stained with
Annexin V-FITC (Miltenyi Biotec), and incubated
for 15 minutes at room temperature. Sub-
sequently, Pl was added to the cell suspension.
The stained cells were then analyzed using a
MACSQuant® Analyzer 16 Flow Cytometer to
determine the percentage of cells in early and
late apoptotic stages.

Multi-caspase assay

To assess the activation of multiple caspases
(caspase-1, -3, -4, -5, -6, -7, -8, and, -9), CRC
cells were exposed to various concentrations
of cynaropicrin. The Muse™ Multi-Caspase Kit
(MCH100109) was employed to detect activat-
ed caspases in treated cells. Cells were incu-
bated with the kit's reagent for 30 minutes at
37°C, followed by a 5-minute incubation with
7-AAD working solution at room temperature.
Activated caspase cells were subsequently
analyzed using the Muse™ Cell Analyzer.

Statistical analysis

Data are presented as the mean * SD.
Statistical significance was determined by one-
way or two-way ANOVA followed by Tukey’s mul-
tiple comparison test using KaleidaGraph 4.5
software (Synergy Software, MT Penn, PA, USA).
Statistical significance was set at *P < 0.05,
**P < 0.01, and ***P < 0.001.

Results
Cynaropicrin inhibited the growth of CRC cells

To evaluate the cytotoxicity of cynaropicrin,
CRC HCT116, and HCT116-OxR cells were
treated with cynaropicrin for 24 or 48 h, and
cell viability was determined using an MTT
assay. The viabilities of HCT116 cells treated
with cynaropicrin at 0.1, 0.2, or 0.4 yg/mL for
48 h were 67.32%, 58.46%, and 45.29%,
respectively, compared to the vehicle control.
In HCT116-OxR cells, corresponding values
were 76.49%, 46.94%, and 38.38%, respec-
tively. The cell viability of HCT116 cells treated
with Ox was 37.54%, whereas the correspond-
ing value for HCT116-OxR was 93.88%, con-
firming the higher sensitivity of HCT116 cells to
Ox. Cell viability assays showed cynaropicrin
inhibits the growth of CRC cells in a time- and
concentration-dependent manner. After incu-
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Figure 1. Inhibition of CRC cell growth by cynaropicrin. A. HCT116, HCT116-OxR, and HEKa cells were treated with
various concentrations (0, 0.1, 0.2, or 0.4 pg/mL) of cynaropicrin or oxaliplatin (Ox, 2 uM) for 24 or 48 h. Cell viabili-
ties were determined using an MTT assay. B-D. Anchorage-independent colony growth was assessed using a soft
agar assay (incubation for 10 days). B. Micrograph of CRC cells at day 10 after treatment. C, D. Sizes and numbers
of colonies. The data are presented as the mean + SD, n = 4. ***P < 0.001 versus non-treated controls.

bation for 48 h, the IC,, values of cynaropicrin
for HCT116 and HCT116-0xR cells were 0.33
and 0.19 ug/mL, respectively. For comparison
purposes, we evaluated the cell viability of
human skin keratinocyte HEKa cells, which are
noncancerous. The viabilities of HEKa cells
treated with cynaropicrin at 0.1, 0.2, or 0.4 ug/
mL were 98.22%, 98.25%, and 98.01%, respec-
tively, versus the vehicle control. In contrast,
cell viability was only 64.17% when HEKa cells
were treated with Ox (Figure 1A). In addition, a
soft agar colony formation assay (Figure 1B)
confirmed the selective cytotoxicity of cynaro-
picrin in HCT116 cells: the size and number of
colonies decreased significantly as cynaropic-
rin concentration increased (Figure 1C, 1D).
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Cynaropicrin induced the apoptosis of CRC
cells by activating JINK/p38 MAPK signaling

We then examined the apoptotic effect of cyn-
aropicrin in HCT116 and HCT116-OxR cells.
CRC cells were treated with cynaropicrin at 0.1,
0.2, or 0.4 pg/mL for 48 h, and then subjected
to flow cytometry analysis with Annexin V-FITC/
Pl double staining. Compared to vehicle con-
trols, we observed an increase in the propor-
tion of cells in the early apoptotic phase
(Annexin V-FITC+ and PI-). In HCT116 cells, cyn-
aropicrin treatment at 0.1, 0.2, or 0.4 pg/mL
increased the proportion of cells in the early
apoptotic phase from 1.00% to 2.10%, 4.36%,
and 8.68%, respectively. The corresponding
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Figure 2. Induction of apoptosis by JNK/p38 MAPK signaling in CRC cells. A-D. CRC cells were treated with cyn-
aropicrin (0, 0.1, 0.2, or 0.4 pg/mL) for 48 h. A. Flow cytometry analysis with Annexin V-FITC/PI double staining.
B. Histogram showing the proportion of cells undergoing apoptosis. C. Western blot analysis of p-INK, JNK, p-p38,
and p38 protein levels. Actin was used as a loading control. D. Histogram depicting the p-JNK/JNK and p-p38/p38
ratios. E, F. CRC cells were pretreated with SP600125 (4 uM) or SB203580 (5 uM) for 3 h before cynaropicrin treat-
ment. Cell viabilities were determined using an MTT assay. Means + SDs of four independent experiments. *P <
0.05, **P < 0.01, and ***P < 0.001 versus non-treated controls. ###P < 0.001 versus cynaropicrin-treated cells.

values for HCT116-OxR cells increased from
2.48% to 9.51%, 16.35%, and 21.71%. More-
over, the population of cells in late apoptosis
phase (Annexin V-FITC+ and PI+) increased
from 2.86% to 8.20%, 17.69%, and 25.31% for
HCT116 cells, and from 3.5% to 7.21%, 9.12%,
and 9.57% for HCT116-OxR cells (Figure 2A,
2B). These results indicate that cynaropicrin
induced early and late apoptosis in CRC cells.

Western blot analysis was performed to exam-
ine the effect of cynaropicrin on the MAPK sig-
naling pathway. The results showed that cyn-
aropicrin treatment increased levels of the
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phosphorylated forms of JNK and p38 MAPK
(Figure 2C, 2D). To determine whether the acti-
vations of JNK and p38 are prerequisites for
cynaropicrin-induced apoptosis, CRC cells were
pretreated with pharmacological inhibitors of
JNK and p38 MAPK. Specifically, SP600125 (a
JNK inhibitor, 4 uM) or SB203580 (a p38 inhibi-
tor, 5 yM) was administered prior to cynaropic-
rin treatment (0.4 pg/mL for 48 h), and cell
viabilities were assessed. The results showed
that these inhibitors almost completely blocked
cynaropicrin-induced cytotoxicity (Figure 2E,
2F).
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Figure 3. Generation of ROS in CRC cells. CRC cells were treated with cynaropicrin at 0, 0.1, 0.2, or 0.4 yg/mL for 48
h. (A) Flow cytometry analysis using the CellROX™ kit. (B) Proportion of ROS-positive cells in (A). (C-E) CRC cells were
pretreated with N-acetylcysteine (NAC, 4 mM) for 3 h and then treated with cynaropicrin for 48 h. (C) Cell viabilities
as determined by the MTT assay. (D) Western blot analysis of p-JNK, p-p38, caspase-3. Actin was used as the loading
control. (E) Relative level of p-JNK, p-p38, and caspase-3 normalized versus actin. Data are the means of quadrupli-
cate wells. **P < 0.01 and ***P < 0.001 versus non-treated controls. ###P < 0.001 versus cynaropicrin-treatment.

Cynaropicrin induced the generation of ROS in
CRC cells

HCT116 and HCT116-OxR cells treated with
cynaropicrin for 48 h (0.1, 0.2, or 0.4 ug/mL)
were subjected to flow cytometry analysis with
CellROX™ Green Reagent staining, and ROS
levels were then determined to investigate the
effect of cynaropicrin on ROS generation in CRC
cells. Cynaropicrin treatment at 0.1, 0.2, or 0.4
ug/mL increased the percentage of HCT116
cells with excessive ROS levels from 11.43% to
20.52%, 29.82%, and 40.69%, respectively.
The corresponding value for HCT116-OxR cells
increased from 11.97% to 27.03%, 43.43%,
and 54.27% (Figure 3A, 3B). To determine
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whether the generation of excessive ROS is an
essential requirement for cynaropicrin-induced
cytotoxicity, CRC cells were pretreated with the
ROS scavenger NAC at 4 mM. The MTT cell via-
bility assay revealed that NAC pretreatment sig-
nificantly prevented cynaropicrin-induced cyto-
toxicity. In HCT116 cells, viability decreased to
39.45% by cynaropicrin treatment but was
77.36% after NAC pretreatment. Similarly, in
HCT116-0xR cells, cynaropicrin reduced viabil-
ity to 31.21%, but NAC pretreatment increased
viability to 76.92% (Figure 3C). Furthermore,
western blot revealed that ROS generation in
cynaropicrin-treated cells coincided with an
increase in the levels of phosphorylated JNK
and p38 MAPK (Figure 3D, 3E).
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Figure 4. Cell cycle arrest in cynaropicrin-induced CRC cells. (A-C) CRC cells were treated with cynaropicrin at O, 0.1,
0.2, or 0.4 ug/mL for 48 h. (A) Histogram of flow cytometry results with propidium iodide staining. (B) The proportion
of the sub-G1 population in (A). (C) Cell cycle distribution of GO/G1, S, and G2/M phase populations. *P < 0.05, **P
< 0.01, and ***P < 0.001 versus untreated controls. (D) Western blot analysis of p21, p27, cyclin B1, and cdc2.
Actin was used as a loading control. (E) Relative ratios of p21, p27, cyclin B1, and cdc2 normalized versus actin.
Results are as mean + SD of four quadruplicate experiments. *P < 0.05, **P < 0.01, and ***P < 0.001 compared

to untreated controls.

Cynaropicrin inhibited the growth of CRC cells
by modulating the cell cycle at the G2/M
phase

To determine the effect of cynaropicrin on the
cell cycle, HCT116 and HCT116-0OxR cells treat-
ed with cynaropicrin at 0.1, 0.2, or 0.4 ug/mL
for 48 h were analyzed by flow cytometry with Pl
staining (Figure 4A). Noticeably, cynaropicrin
treatment increased the proportion of HCT116
and HCT116-0xR cells in the sub-G1 phase. In
HCT116 cells, the proportion of cells in the sub-
G1 phase increased from 4.96% to 5.22%,
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8.31%, and 11.40% by cynaropicrin at 0.1, 0.2,
or 0.4 ug/mL. Similarly, for HCT116-OxR cells,
the value increased from 4.53% to 5.52%,
6.79%, and 7.72%, respectively, suggesting
cynaropicrin promoted apoptosis (Figure 4B).
The cell cycle distribution (Figure 4C) showed
that cynaropicrin increased the proportion of
cells in the G2/M phase. This was more appar-
ent for HCT116-0xR cells, which also showed a
concurrent reduction in the S phase. In addi-
tion, western blot indicated that p21 and p27
(both cyclin-dependent kinase inhibitors) were
upregulated by increasing cynaropicrin concen-
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tration (Figure 4D, 4E). On the other hand, lev-
els of cyclin B1 and cdc2 (key regulators of
G2/M transition [26]) were downregulated by
cynaropicrin. These effects were observed in
HCT116 and HCT116-OxR cells, but HCT116-
OxR cells proved to be more sensitive to
cynaropicrin.

Cynaropicrin induced the apoptosis of CRC
cells by altering the balance in Bcl-2 family
proteins and activating caspases

We also examined whether cynaropicrin modu-
lated the balance in Bcl-2 family proteins, which
can lead to the intrinsic mitochondrial apopto-
sis. Western blot revealed a decrease in the
protein levels of Bcl-2, Bel-xL, and Bid and of
full-length caspase-3 in CRC cells treated with
cynaropicrin. On the other hand, Bax and Apaf-
1 levels were increased by cynaropicrin (Figure
5A). To examine the activities of multiple cas-
pases, HCT116 and HCT116-0OxR cells treated
with cynaropicrin at 0.1, 0.2, or 0.4 yg/mL for
48 h were subjected to flow cytometry using
the Muse™ Multi-caspase kit. For flow cytome-
try quadrant analysis, cells were categorized
as: live caspase-positive, live caspase-nega-
tive, dead caspase-positive, and dead caspase-
negative (Figure 5B). For HCT116 cells, cynaro-
picrin treatment at 0.1, 0.2, or 0.4 pg/mL
increased the proportion of live or dead cas-
pase-positive cells from 3.40% to 26.92%,
32.97%, and 44.78%. The corresponding val-
ues for HCT116-OxR cells increased from
4.42% to 19.20%, 25.97%, and 39.83% (Figure
5C). To determine whether caspase activations
mediated cynaropicrin-induced apoptosis, HCT-
116 and HCT116-OxR cells were pretreated
with Z-VAD-FMK 4 uM for 3 h. When HCT116
and HCT116-OxR cells were treated with cyn-
aropicrin, cell viabilities dropped to 34.02%
and 43.18%, respectively, but when pretreated
with ZVAD-FMK cell viabilities dropped to
93.64% and 94.83%, respectively (Figure 5D).

Discussion

This study was undertaken to determine wheth-
er cynaropicrin inhibits the growth of oxaliplatin
(Ox)-sensitive HCT116 and Ox-resistant HCT-
116-0xR cells. Our results show that cynaropic-
rin induces apoptosis in these cells by elevating
ROS levels and activating the JNK/p38 MAPK
signaling pathway.

2147

Ox is a third-generation platinum-based anti-
cancer agent and a key component in colorec-
tal cancer (CRC) treatments [27]. However, its
side effects and vulnerability to resistance
development necessitate the development of
more effective chemotherapeutics. In the pres-
ent study, cynaropicrin effectively inhibited the
growth of HCT116 CRC cells regardless of
Ox-resistance (Figure 1), and cynaropicrin sig-
nificantly and dose-dependently reduced can-
cer cell viability. Furthermore, cynaropicrin
exhibited negligible cytotoxicity in HEKa cells,
suggesting that the cytotoxic effect of cynaro-
picrin is limited to cancer cells.

The induction of cancer cell apoptosis is an
excellent therapeutic strategy because it
results in the specific removal of cancer cells
without damaging other tissues, and in the
present study, the Annexin V-FITC/PI double
staining assay showed that cynaropicrin did
indeed induce the apoptosis of CRC cells
(Figure 2A, 2B). JNK and p38 MAPK signaling
has been well documented to regulate the prog-
ress of apoptosis [28, 29], and we observed
cynaropicrin  concentration-dependently in-
creased levels of phosphorylated JNK and p38
(Figure 2C, 2D). In addition, the kinase-selec-
tive inhibitors SP600125 (a JNK inhibitor) and
SB203580 (a p38 inhibitor) prevented cynaro-
picrin-induced CRC apoptosis, supporting the
notion that JNK and p38 mediate cynaropicrin-
induced apoptosis in CRC cells (Figure 2E, 2F).

Cancer proliferation is usually accompanied by
elevated ROS levels in multiple cancers, includ-
ing esophageal cancer, lung cancer, and CRC
[16, 30, 31]. These increases in ROS levels in
cancer tissues could benefit cancer cell growth
by sustaining growth signaling [32]. However,
greater ROS increases can lead to oxidative
stress and cancer cell apoptosis [33, 34]. Our
experimental data showed that cynaropicrin
increased ROS levels in Ox-sensitive and
Ox-resistant HCT116 cells (Figure 3A, 3B). In
addition, NAC pretreatment confirmed the gen-
eration of excessive ROS mediated cynaropic-
rin-induced apoptosis (Figure 3C). Furthermore,
NAC pretreatment prevented not only prevent-
ed cynaropicrin-induced cytotoxicity but also
prevented the phosphorylations of JNK and
p38 MAPK, suggesting that the generation of
excessive ROS preceded the phosphorylation
(Figure 3D, 3E). Thus, it appears ROS genera-
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Figure 5. Activation of caspases in CRC cells. CRC cells treated with cynaropicrin at 0, 0.1, 0.2, or 0.4 ug/mL for 48
h. A. Western blot analysis of Bid, Bax, Bcl-xL, Bcl-2, Apaf-1, and caspase-3. Actin was used as the loading control.
B. Flow cytometry analysis using the Muse™ Multi-Caspase Kit. C. Proportions of caspase-positive cells. D. CRC cells
were pretreated with Z-VAD-FMK (4 uM) for 3 h and then treated with or without cynaropicrin for 48 h. The histogram
shows cell viabilities determined by MTT assay. Data are shown as the mean + standard deviation, (n = 4). **P <
0.01 and ***P < 0.001 versus untreated controls. ###P < 0.001 versus cynaropicrin-treated cells.
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Figure 6. Schematic diagram illustrating the mechanisms by which cynaropicrin induces apoptosis in CRC cells, viz.,
by generating excessive ROS, activating JNK and p38 MAPK signaling, and inducing cell cycle arrest in the G2/M

phase.

tion was upstream of the phosphorylations of Cell cycle progress is another therapeutic tar-
JNK and p38 MAPK. get in cancers [35]. We observed that cynaro-
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picrin induced an increase in the percentage of
cells in the sub-G1 phase (Figure 4A, 4B),
which is an indication of apoptosis [36]. Also,
cell cycle distributions indicated that cells in
the G2/M phase accumulated, whereas the
proportion of cells in the S phase diminished,
indicating cell cycle arrest at the G2/M phase
(Figure 4C). Moreover, cynaropicrin-induced
decreases in the levels of cyclin B1 and cdc2,
key regulators of G2/M transition and increas-
es in the levels of the CDK inhibitors p21 and
p27 [37] indicate that cynaropicrin induced cell
cycle arrest at the G2/M phase by modulating
cell cycle regulators (Figure 4D, 4E).

In addition to the activations of JNK and p38
MAPK, ROS play a crucial role in regulating the
levels of Bcl-2 family proteins [38], and these
proteins regulate mitochondrial membrane per-
meability, thereby mediating the intrinsic apop-
totic pathway [39]. Indeed, Western blot analy-
sis showed that the balance between pro- and
anti-apoptotic Bcl-2 family proteins had shifted
in favor of mitochondrial membrane permeabi-
lization, which was accompanied by the activa-
tion of the intrinsic apoptotic pathway, as evi-
denced by increases in the level of Apaf-1 and
cleaved caspase-3 (Figure 5A). Encouraged by
the increase in the level of cleaved caspase-3,
we used a multi-caspase assay kit to assess
the activation of caspases (Figure 5B, 5C), as
caspases are key molecules in the apoptotic
process [40]. As was expected, caspase activa-
tion was observed in cynaropicrin-treated cells,
thus supporting that the activation of caspases
is involved in cynaropicrin-induced apoptosis.
This notion was confirmed by pretreating the
caspase inhibitor ZVAD-FMK, which prevented
cynaropicrin-induced apoptosis (Figure 5D).

In conclusion, the study demonstrates that cyn-
aropicrin inhibits the growth of CRC HCT116
cells, regardless of Ox-resistance. Cynaropicrin
elevated ROS levels, activated JNK and p38
MAPK, induced cell cycle arrest, and caused
apoptosis. Further studies are warranted to
evaluate the therapeutic potential of cynaropic-
rin in CRC (Figure 6).
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