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Cucurbitacin B induces apoptosis in colorectal
cells through reactive oxygen species generation
and endoplasmic reticulum stress pathways
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Abstract. Cucurbitacin B (CuB) is a member of the
cucurbitacin family, which has shown potent anticancer
pharmacological activity. Prolonged or severe endoplasmic
reticulum stress (ERS) induces apoptosis; therefore, the
present study investigated whether CuB may activate the ERS
pathway to induce apoptosis. HT-29 and SW620 colorectal
cancer (CRC) cells were treated with a range of concentra-
tions of CuB for 48 h, and the viability and proliferation of
cells were determined using Cell Counting Kit 8 (CCKS8) and
colony formation assays. Subsequently, the appropriate CuB
concentration (5 uM) was selected for treatment of CRC cells
for 48 h. Western blot analysis was used to measure the expres-
sion levels of ERS-related proteins, flow cytometry was used
to evaluate apoptosis, the dichlorodihydrofluorescein diacetate
fluorescent probe was used to detect reactive oxygen species
(ROS) production, and the relationship between ROS and
ERS was determined by western blot analysis. Furthermore,
flow cytometry was used to evaluate apoptosis after treat-
ment with the ERS inhibitor 4-phenylbutyric acid, the ROS
inhibitor N-acetylcysteine and following knockdown of CHOP
expression. In addition, western blot analysis was performed to
measure Bax and Bcl2 protein expression levels, and a CCKS8
assay was performed to evaluate the viability of cells following
knockdown of CHOP. Notably, CuB treatment increased
apoptosis and inhibited cell proliferation in CRC cell lines,
and these effects were mediated by ROS and ROS-regulated
activation of the PERK and XBP1 ERS pathways. In conclu-
sion, CuB may induce apoptosis in HT-29 and SW620 CRC
cells via ROS and ERS.
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Introduction

Colorectal cancer (CRC) is the third most common malig-
nancy worldwide, after lung and breast cancer, and is one of
the leading causes of cancer death, accounting for 9.4% of
global cancer deaths (1,2). Although targeted therapies and
immunotherapies have improved the treatment outcomes of
advanced CRC, the therapeutic efficacy is still limited, espe-
cially because the development of drug resistance affects the
further improvement of therapeutic efficacy (3,4). Therefore,
there is an urgent need to identify and develop safer and more
effective therapeutic agents with anticancer activity.

Natural compounds and their derivatives may be prom-
ising sources of therapeutic agents. Paclitaxel, for example,
which has been used in clinical cancer treatment, is a natural
substance derived primarily from the natural plant yew that
frequently triggers cancer cell apoptosis (5). Cucurbitacins
are a class of natural tetracyclic triterpenoids extracted from
plants, which exhibit a variety of pharmacological activities,
such as anti-inflammatory, anticancer and hepatoprotective
activities (6). Previous studies have reported that cucurbitacins
have a broad anticancer spectrum and can inhibit various types
of cancer, such as breast, lung and laryngeal cancer (7-9).
Cucurbitacin B (CuB) has received attention in cancer research
as one of the most abundant and potent members of this
family (10). It has been reported that CuB can target the Notch
signalling pathway to induce apoptosis in CRC HCT116 and
SW480 cells (11). Promkan et al (12) also reported that CuB
induced apoptosis in colon cancer Caco-2 and SW620 cells
while triggering autophagy. In addition, CuB may regulate
the polarization of tumour-associated M2-type macrophages
to inhibit the metastasis and invasion of colon cancer cells
through suppression of JAK2/STAT3 signalling (13).

The endoplasmic reticulum (ER) is an intracellular organ-
elle with important physiological functions, which is involved
mainly in protein synthesis, folding and calcium storage (14).
Aggregation of misfolded or unfolded proteins in the ER
caused by various factors triggers ER stress (ERS) and the
unfolded protein response (UPR), with the aim of maintaining
ER homeostasis (15,16). Reactive oxygen species (ROS) is
a general term describing molecular oxygen derivatives,
including the superoxide anion, hydrogen peroxide and the
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hydroxyl radical, which are produced during cellular respira-
tion. These ROS act as agents of cellular damage, reacting
with lipids, proteins and DNA to cause injury (17-19). ERS
is further initiated when the intracellular environment is
stimulated by ROS. When ERS is prolonged or intensified,
apoptosis is induced (20-22). In cancer research, ROS have
been reported to be able to regulate ERS to induce cancer cell
apoptosis or death (23,24). Therefore, ERS may be a target for
the treatment of cancer.

Notably, it remains to be elucidated whether CuB can
induce apoptosis in CRC cells through ROS-activated ERS;
therefore, the present study investigated the role of ROS and
ERS in CuB-mediated induction of apoptosis in CRC cells.

Materials and methods

Cell treatment. CuB (Dalian Meilun Biology Technology Co.,
Ltd.) was dissolved in DMSO, and the stock solution (20 mM)
was prepared and stored at -80°C. In all experiments, the final
concentration of DMSO was <0.1%, and different concentra-
tions of CuB working solution were prepared. The HT-29 and
SW620 cells (Procell Life Science & Technology Co., Ltd.)
used in the experiment were cultured in DMEM (Biological
Industries) containing 10% FBS (Biological Industries) and 1%
penicillin (Biological Industries) in a 5% CO, incubator at 37°C.
In the experiments, HT-29 and SW620 cells were incubated
with the CuB (5 uM) for 48 h at 37°C, and the concentration of
DMSO in the control group was 0.1%. The human CRC HT-29
cell line used in the present study was verified by STR profiling.

Cell Counting Kit 8 (CCK8) assay. HT-29 and SW620 cells
were seeded in a 96-well plate with complete culture medium
(5x10° cells/well). After the cells attached to the plate, they
were treated with different concentrations of CuB (0-100 xM)
working solution and cultured in a 37°C incubator for 48 h.
Subsequently, the drug-containing culture medium was
removed, CCKS8 reagent (100 ul; 1:100; Biosharp) was added
to each well, and the 96-well plate was incubated at 37°C for
2 h. The absorbance was measured at 450 nm using a micro-
plate reader. Calculate each group's cell proliferation rate was
calculated using the formula follows: Cell viability=1-[(control
group OD value-experimental group OD value)/(control group
OD value-blank group OD value) x100].

Colony formation assay. HT-29 and SW620 cells were evenly
seeded in 6-well cell culture plates (300 cells/well). After
the cells were treated with different concentrations of CuB
(0,0.5,1.0,5.0 uM) at 37°C for 48 h, and the cell culture media
was changed. The cells were cultivated for 14 days in a 5%
CO, incubator at 37°C, with the media changed every three
days. Subsequently, the original medium was removed, and
4% paraformaldehyde was added to fix the cells for 30 min
and the cells were stained with 0.5% crystal violet at room
temperature (25°C) for 10 min. The total number of colonies
(>50 cells) formed was calculated by ImageJ 1.53t (National
Institutes of Health)

Dichlorodihydrofluorescein diacetate (DCFH-DA)
Sfluorescence probe ROS detection kit. HT-29 and SW620 cells
were seeded in 12-well cell culture plates (1x10* cells/well),

cultured for 24 h and then treated with CuB (5 uM) in a 37°C
cell incubator for 48 h. The original culture medium was aspi-
rated and DCFH-DA working solution (MedChemExpress)
was added at a final concentration of 10 #M in a 37°C incubator
was 30 min, and the cells were observed and imaged under a
fluorescence microscope. The average fluorescence intensity
of each image was determined using ImagelJ 1.53t software.

Flow cytometric apoptosis assay. HT-29 and SW620 cells
were seeded into 6-well cell culture plates (5x10° cells/well),
incubated for 24 h, and then treated with CuB (5 M) alone
or in combination with 4-phenylbutyric acid (4-PBA; 800 xM;
MedChemExpress) or N-acetylcysteine (NAC; 5 mM;
MedChemExpress) in a 37°C incubator for 48 h. The cells were
collected and resuspended with PBS. Cells were stained using
Annexin V-PE and 7-AAD (for nucleic acid staining) from
a PE Annexin V Apoptosis Detection Kit (BD Pharmagen),
both 5 pl. After gentle shaking, the solutions were incubated at
room temperature (25°C) in dark for 15 mins. The cells were
subjected to flow cytometry (CytoFLEX S; Beckman Coulter)
and then the data were analysed (FlowlJo; version 9.0.4; BD
Pharmagen) with total apoptosis calculated as follow: Total
apoptosis rate=early apoptosis rate + late apoptosis rate.

Establishment of stable cells. CHOP was knocked down in
SW620 cells using a short hairpin RNA (shRNA). For the
experiment, OBiO Technology (Shanghai) Co., Ltd. produced
the lentivirus plasmid pCLenti-U6-shRNA (CHOP)-CMV
Uro WPRE. 293T (American Type Culture Collection) cells
that were transfected grew well. The transfected virus vector
plasmid was 32 ug (skeleton plasmid: shuttle plasmid, 1:1)
in the case of a 100 mm disk, packing the virus. Cells were
cultured in a cell culture compartment and 48 h after transfec-
tion, the virus was collected and purified. Then, SW620 cells
in logarithmic growth phase were seeded in a 6-well plate
(5x10* cells/well) and cultured in an incubator at 37°C. When
the cell confluence reached ~30%, viral particles (multiplicity
of infection, 10) were added for infection for 12 h, and medium
containing puromycin (Beijing Solarbio Science & Technology
Co., Ltd.; 2 ug/ml) was added to screen for positive cells 12 h
later. The screened positive cells were subcultured, and the
purinomycin concentration remained constant at 2 yg/ml.
Following each successful infection, SW620 cells from the first
to third generations were subjected to subsequent experimen-
tation. The cells with CHOP knockdown were denoted as the
shRNA-CHOP group and the cells transduced with the nega-
tive control (NC) vector were denoted the sShRNA-NC group.
The shRNA targeting sequences were as follows: ShRNA-NC,
5" TTCTCCGAACGTGTCACGT-3'; shRNA-CHOP, 5-TGA
ACGGCTCAAGCAGGAAAT-3.

Protein isolation and western blotting. CRC cell lines (HT-29
and SW620) were detached, suspended and seeded into a
100-mm Petri dish. After adhered cells were 70% confluent,
CuB working solution (5 M) combined with the ROS scaven-
gers NAC (5 mM, 1 h pretreatment) and 4-PBA (800 uM, 2 h
pretreatment) were used to treat the cells. The cells were incu-
bated in a suitable cell incubator at 37°C for 48 h and the cells
were collected immediately after incubation. RIPA lysis buffer
(Beijing Solarbio Science & Technology Co., Ltd.), which was
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precooled in advance and mixed with protease and phospha-
tase inhibitors, was used to fully lyse the cells. Subsequently,
the protein concentration in each group was determined using a
BCA assay. All protein samples were separated by SDS-PAGE
(30 pg/lane) on 12.5 (proteins >30 kDa) and 15% (proteins
<30 kDa) gels with a molecular weight marker (cat. no. WJ102;
Ipsen Biopharmaceuticals, Inc.), and the separated proteins
were transferred to PVDF membranes with a constant current
electrophoretic transfer system. PVDF membranes were placed
in 1X rapid blocking solution (New Cell & Molecular Biotech
Co., Ltd.) for 30 min on a shaker at room temperature. Primary
antibodies against the following proteins were used: GAPDH
(1:10,000; 36 KDa; cat. no. 10494-1-AP; Wuhan Sanying
Biotechnology); Bax (1:5,000; 21 kDa; cat. no. GR3275117-D;
Abcam) and Bcl2 (1:2,000; 26 kDa; cat. no. GR3325129-9;
Abcam); glucose regulated protein 78 (GRP78; 1:1,000; 78kDa;
cat. no. 11587-1-AP; Wuhan Sanying Biotechnology), CHOP
(27 kDa; cat. no. 44266; 1:1,000; GeneTex, Inc.), activating
transcription factor 4 (ATF4; 42 kDa; cat. no. 39568; 1:1,000;
GeneTex, Inc.) and X-box binding protein 1 splicing form
(XBP1-s; 55 kDa; cat. no. 44286; 1:1,000; GeneTex, Inc.); IRE1
(1:1,000; 130 kDa; cat. no. 3294S; Cell Signaling Technology,
Inc.); phosphorylated (p)-protein kinase R-like ER kinase
(PERK; 1:1,000; 125 kDa; cat. no. 6N04; SAB Biotherapeutics,
Inc.); PERK (1;1,000; 115 kDa; cat. no. 5683S; Cell Signaling
Technology, Inc.); p-eukaryotic translation initiation factor 2a
(elF2a; 1:1,000; 32 kDa; cat. no. AP0692; ABclonal Biotech
Co.,Ltd.) and eIF2a (1:1,000; 38 kDa; cat. no. 42774; GeneTex,
Inc.). After incubation overnight at 4°C, the membranes were
incubated with a fluorescent secondary antibody (anti-rabbit
IgG; 1:10,000; cat. no. 5151P Cell; Signaling Technology, Inc.)
at room temperature for 2 h. The LI-COR Odyssey Infrared
Imaging System (LI-COR Biosciences) was used to scan and
visualize protein bands. Following that, the relative protein
expression was determined by evaluating the band densities
with ImageJ software.

Statistical analysis. SPSS 25.0 statistical software (IBM
Corp.) was used for analysis and GraphPad Prism 5.0 software
(Dotmatics) was used for graph generation. The results of at
least three independent experiments were used for statistical
analysis in all experiments, and the experimental data are
expressed as the mean + SD. The data were analysed using
independent samples t-test, or one-way ANOVA and Tukey
post hoc test for multiple comparisons. P<0.05 was considered
to indicate a statistically significant difference.

Results

CuB inhibits CRC cell viability and proliferation. The present
study initially assessed the viability of human CRC cell lines
(HT-29 and SW620) using a CCK8 assay. A series of concen-
trations of CuB (Fig. 1A) were prepared, which were then used
to treat cells for 48 h. In the first experiment, the appropriate
concentration of CuB was selected for subsequent experiments.
The results of the CCKS8 assay showed that 0.005 xuM CuB
inhibited the proliferation of CRC cells, and the inhibitory
effect became more obvious with increasing concentrations
(Fig. 1B). At 5 uM, the inhibition rate of CuB-treated HT-29
and SW620 cells was close to 50%. These results indicated

that CuB may have a marked inhibitory effect on CRC cell
viability. In addition, to study the effect of CuB on the prolif-
eration of CRC cells, a cell plate colony formation assay was
performed, and the results confirmed that the colony formation
ability of cancer cells was significantly inhibited by treatment
with 0.5-5 uM CuB compared with that in the control group
(P<0.05; Fig. 1C and D). These results indicated that CuB may
have strong antitumour activity against CRC cells and 5 yM
was selected as the concentration for the follow-up experi-
ments.

CuB induces ERS in CRC cells. Western blot analysis was
performed to determine whether CuB (5 M) could activate
ERS. The present study detected the ER stress markers
GRP78 and CHOP, and their corresponding activated UPR
signalling pathways were assessed by measuring the levels of
proteins related to the PERK/eIF2a/ATF4 and IRE1/XBP1
signal transduction pathways. Cells exposed to CuB for 48 h
exhibited an upregulation of ER stress markers, and increased
expression levels of the UPR-related proteins p-PERK,
p-elF2a, ATF4, IREla and XBP1, compared with those in the
control group (P<0.05; Fig. 2).

CuB mediates ROS production in CRC cells and induces
ERS. To determine whether CuB can promote the produc-
tion of ROS in CRC cells, the DCFH-DA fluorescent probe
was used to detect the production of ROS in CRC cells after
continuous treatment with CuB. Compared with those in the
untreated group, following exposure to CuB-mediated toxicity,
the amounts of ROS produced in the two CRC cell lines were
significantly increased with increasing CuB concentration
(P<0.05; Fig. 3A and B). These results confirmed that CuB can
promote the production of ROS in CRC cell lines. Furthermore,
the ROS inhibitor NAC (5 mM) was used to examine the
relationship between CuB-induced ROS production and
ERS. The results showed that NAC pretreatment significantly
inhibited the CuB-induced increases in the protein expression
levels of GRP78, CHOP, p-PERK, p-elF2a, ATF4, XBPI
and IREI1 (P<0.05; Fig. 3C-F). These findings suggested that
ROS produced in CRC cells mediated by CuB treatment may
induce ERS.

CuB can induce apoptosis in CRC cells. Following treatment
with CuB (5 pM), apoptosis in HT-29 and SW620 cells was
significantly increased compared with that in the control
groups (P<0.05; Fig. 4A-C). By contrast, when HT-29 and
SW620 cells were pretreated with the ERS inhibitor 4-PBA
(800 uM) for 2 h, CuB-induced apoptosis was significantly
inhibited (P<0.05) compared with that in the groups treated
with CuB alone, as determined by flow cytometry (Fig. 4A-C).
In addition, CuB induced significant upregulation of the
proapoptotic protein Bax and significant downregulation
of the antiapoptotic protein Bcl2 compared with that in the
control group. Furthermore, when compared to the CuB
alone group, the protein expression levels of Bax in the CuB
combined 4-PBA group were reduced, while those of Bcl2
were increased (P<0.05; Fig. 4D-F).

CuB induces apoptosis via ERS and its signal transduction
pathways. To further explore the effect of CuB-induced
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Figure 1. CuB inhibits the proliferation of CRC cells. (A) Chemical structure of CuB. (B) CRC cells were treated with CuB (0-100 M) for 48 h, and the cell
viability inhibition rate was measured using a Cell Counting Kit 8 assay. (C) Colony formation assay of CRC cells treated with CuB (0-5 M) for 14 days.
(D) Number of colonies was determined. Data are presented as the mean = SD of three independent experiments. ““P<0.001 vs. control (0 uM CuB). CRC,
colorectal cancer; CuB, cucurbitacin B.

activation of ERS on apoptosis, a model of CHOP knock-  (P<0.05; Fig. 5A and B). When CuB (5 #M) working solu-
down was established in SW620 cells. By comparing the tion was added to the sSARNA CHOP group, it was revealed
CHOP knockdown group with the NC group, the successful  that CuB treatment could still promote the expression of
establishment of cells with CHOP knockdown was confirmed = CHOP; however, the expression of CHOP was significantly
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Figure 2. CuB induces ER stress in CRC cells. After CRC cells were treated with CuB (5 #M) for 48 h, the expression levels of ER stress-related proteins was
evaluated by western blotting. (A and C) The expression of ERS-related proteins in different groups of HT-29 and SW620 cells. (B and D) Quantification of
expression levels of ERS-related proteins. Data are presented as the mean = SD of three independent experiments. “P<0.05, “P<0.01, ““P<0.001 vs. control.
ATF4, activating transcription factor 4; CRC, colorectal cancer; CuB, cucurbitacin B; elF2a, eukaryotic translation initiation factor 2a; GRP78, glucose
regulated protein 78; p-, phosphorylated; PERK, protein kinase R-like ER kinase; XBP1-s, X-box binding protein 1.

decreased compared with that in the group treated with CuB
alone (P<0.05; Fig. 5A and B). Subsequently, the effects of
CHOP knockdown were assessed on the inhibition of cell
viability and apoptosis. The results revealed that when
CuB was activated, the CHOP knockdown group increased
cell viability relative to the NC group; by contrast, the
apoptosis rate in the shRNA CHOP group exposed to CuB
was significantly lower than that in the group treated with
CuB alone (P<0.05; Fig. 5C-E). The aforementioned data
suggested that CuB may induce apoptosis in CRC cells by

mediating ROS-induced activation of the PERK and IRE1
ERS signalling pathways.

CuB mediates ROS production and induces apoptosis in CRC
cells. It has been shown that ROS overload can induce apop-
tosis (25). Therefore, the present study hypothesized that the
production of ROS mediated by CuB (5 #M) may also promote
apoptosis. Notably, pretreatment with the ROS inhibitor NAC
(5 mM) for 1 h significantly inhibited apoptosis in cancer cells
compared with that in cells treated with CuB alone (P<0.05;



6 HUANG et al: CUCURBITACIN B INDUCES APOPTOSIS VIA ROS AND ERS

A HT-29 SW620 B

oM 8 8
s o
5 1501 HT-29 5 1007 SW620
2 2
2 @ g0 .
Q Q
0.5 uM £ 100 = -
C c *
g 507 8
S S ]
1.0 uM E: Ry
(9] (9]
o 0 =} d
© ©
5 0 05 10 5.0 S 0 05 10 50
> >
< CuB (uM) < CuB (uM)

5.0 uM

O
3
O

+ +

o
©

CHOP relative expression
o o - —
o o o [6)]
‘,
p-elF2a/elF2o
e o = = N
o wu o wu o
.
ATF4 relative expression
© 2 9o o o =
o M B o ® O
B
XBP1-s relative expression
© o o o
o M » o
.
H

g8 Q29 T 2 Q9 Q 2 2 Q Q T 2 29
g 3 2 2 g 3 £ 2 £ 0 2 ‘z: £ S 22
[$) 535 S & [$) ? o 4
3
o
ATF4|—‘—— ._-I - o o o
g 15 5 20 - 2.0
17 * 7] "~ *E
p-eIF2a| e — e S | £ xx S 15 £ 15
X 1.0 £ w
0 ° g 10
e|F20(| T = o -l 2 o 1.0 g
%0-5 %05 EOS
CHOPl -‘ T -I © =0 - 0.
w
& 0.0 c 00 0.0 1
orro [N | © = 3 9 9 289 g EEE
c O Z Z c O Z Z S o Z =2
S 3 38 3 o &
E SW620 F o Q Q 3
o
CuB - + - + ©
NAC - - -+
) . c
p-PERK | - ] s 10 . 510 — S 10 .
& 08 PrEEEE——_— % $ *xk
- - X 1.0 b L 2 3
o o 06 3 06 o 06
IRE1I—~-—| g 504 204 %04
© w = O- & 0.
< 05 o] = (9]
9] L o QL
GRP78| ——a—-~| % a 02 5 0.2 @ 0.2
5 oo™ 0.0 T 0.0 8 éo.o L
) ) $ 393 £ 3¢y g8 93 RN
g o Z % 5 o = % S o Zz % s © z %
o
ATFA [ ™ W st st | © 3 © 3 © g g

(0] e
P 22 &
u 0 N 9
I T R 5
GRP78 relative expression
o o - -
o (%] o (9]
IRE1 relative expression
S o =~ =
o » o u o
E | ’
N
p-PERK/PERK
o O O O O =
o N A O © O
x
.
H

EEE EEE IEEE
gOzz gOz% gOZ%
o S o & o @
= = =]
[&] (&) (6]

Figure 3. CuB mediates ROS production in CRC cells and induces ERS. (A and B) After CRC cells were treated with CuB (0-5 uM) for 48 h, the dichlorodihy-
drofluorescein diacetate fluorescent probe was used to evaluate the amount of ROS produced. Scale bars, 200 zm. CRC cells were pretreated with NAC (5 mM)
for 1 h before adding CuB (final concentration of 5 pM). After 48 h of treatment, the expression of ERS-related proteins was evaluated by western blotting.
(C and E) The expression of ERS-related proteins in different groups of HT-29 and SW620 cells. (D and F) Quantification of expression levels of ERS-related
proteins. Data are presented as the mean + SD of three independent experiments. "P<0.05, “P<0.01, ““P<0.001 vs. control or as indicated. CRC, colorectal
cancer; CuB, cucurbitacin B; eIF2a, eukaryotic translation initiation factor 2a; ERS, endoplasmic reticulum stress; GRP78, glucose regulatory protein 78;
NAC, N-acetylcysteine; p-, phosphorylated; PERK, protein kinase R-like ER kinase; ROS, reactive oxygen species; XBP1-s, X-box binding protein 1.

Fig. 6A-C). Moreover, the upregulation of Bax and the down-  pretreatment (P<0.05; Fig. 6D-F). These findings indicated that
regulation of Bcl2 induced by CuB were reversed by NAC  CuB may also induce apoptosis in cancer cells through ROS.
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Figure 4. CuB can induce apoptosis in CRC cells. (A-C) CRC cells were pretreated with 4-PBA (800 M) for 2 h and treated with CuB (5 M) for 48 h. The
apoptosis rates in the (Aa and Ba) control group, (Ab and Bb) CuB-treated group, (Ac and Bc) 4-PBA group and (Ad and Bd) 4-PBA + CuB-treated group were
determined by flow cytometry. (A and B) Representative maps of apoptosis rates in HT-29 and SW620 cells detected by flow cytometry. (C) Quantification of
apoptosis rates. Western blotting was used to evaluate the expression of the apoptosis-related Bax and Bcl2 proteins in CRC cells pretreated with 4-PBA to inhibit
endoplasmic reticulum stress pathways. (D and E) The expression of Bax and Bcl2 proteins in various groups in HT-29 and SW620 cells. (F) Quantification

of Bax and Bcl2 protein expression. Data are presented as the mean + SD of three independent experiments. “P<0.05, “'P<0.01,

ok

P<0.001 vs. control or as

indicated. CRC, colorectal cancer; CuB, cucurbitacin B; 4-PBA, 4-phenylbutyric acid.

Discussion

To date, a number of natural compounds have been shown
to have significant anticancer activity and act on a variety
of targets. Polydatin, for example, inhibits liver cancer cell
migration and invasion by targeting c-MYC and Shikonin
stimulates the MAPK pathway and promotes death in

melanoma cells (26,27). As aforementioned, CuB exhibits
significant anticancer activity in various types of cancer;
however, the underlying mechanisms of its significant anti-
cancer effects have not been fully elucidated. In the present
study on CuB in HT-29 and SW620 CRC cells, it was revealed
that CuB was able to inhibit the proliferation of these cells
in a concentration-dependent manner and could increase their
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Figure 5. CuB induces apoptosis via endoplasmic reticulum stress and its signal transduction pathways. Lentivirus-mediated knockdown of CHOP was
performed in SW620 cells, and the expression of CHOP was measured by western blotting after cells were treated with CuB (5 uM) for 48 h. (A) The expression
of CHOP protein. (B) Quantification of CHOP protein expression. (C) After cells were treated with CuB (5 M) for 48 h, the apoptosis rates in the (Ca) NC
group, (Cb) CuB-treated group, (Cc) shRNA CHOP group and (Cd) CuB-treated shRNA CHOP group were determined by flow cytometry. (D) Quantification
of apoptosis rates. (E) SW620 cells were treated with CuB (0-100 M) for 48 h, and the cell viability inhibition rates in the ssRNA CHOP group, shRNA NC
group and control group were determined using a Cell Counting Kit 8 assay. Data are presented as the mean + SD of three independent experiments. "P<0.05,

Fh

apoptosis. The main mechanism of action of these effects was
related to the CuB-mediated increase in ROS production and
ERS pathway activation.

Apoptosis is a stable and conservatively controlled process
of autonomous and orderly cell death, which serves an impor-
tant role in maintaining the stability of the internal environment
of an organism (28). From the perspective of tumour therapy,
evasion of apoptotic signalling confers a survival advantage
on tumour cells, creating conditions suitable for angiogenesis,
invasive metastasis and even drug resistance (29). Previously,
it has been reported that CuB may have a role in proliferation

P<0.001 vs. control or as indicated. CuB, cucurbitacin B; NC, negative control; shRNA, short hairpin RNA.

inhibition and apoptosis in Burkitt lymphoma Ramos cells by
inhibiting the phosphorylation of STAT3, thereby downregu-
lating Bcl-2 and upregulating Bax (30). The present study also
revealed that CuB was effective in increasing the apoptosis
rates of HT-29 and SW620 cells, increasing the expression
levels of Bax and decreasing those of Bcl-2 in CRC cells.
GRP78 is a molecular chaperone in the lumen of the
ER, which has an important role in the correct folding
of proteins and the maintenance of luminal homeostasis.
Elevated GRP78 expression indicates the presence of
ERS (31). It has been demonstrated that the IRE1/XBP1
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Figure 6. CuB mediates ROS production and induces apoptosis in CRC cells. After CRC cells were pretreated with NAC (5 mM) for 1 h and treated with
CuB (5 uM) for 48 h, the apoptosis rates in the (Aa and Ba) control group, (Ab and Bb) CuB-treated group, (Ac and Bc) NAC group and (Ad and Bd)
NAC + CuB-treated group were determined by flow cytometry. (A and B) Representative maps of apoptosis rates in HT-29 and SW620 cells detected by
flow cytometry. (C) Quantification of apoptosis rates. Western blotting was used to evaluate the expression of the apoptosis-related Bax and Bcl2 proteins in
CRC cells pretreated with NAC to inhibit ROS production. (D and E) The expression of Bax and Bcl2 proteins in various groups in HT-29 and SW620 cells.
(F) Quantification of Bax and Bcl2 protein expression. Data are presented as the mean + SD of three independent experiments. ‘P<0.05, ““P<0.01, ““P<0.001
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and PERK/elF20/ATF4/CHOP signalling pathways, in the ~ HT-29 and SW620 cells with CuB resulted in increased
presence of long-term sustained ERS activation, induce = GRP78 expression, and activation of the IRE1/XBP1 and
apoptosis (32,33). In the present study, treatment of PERK/eIF2a/ATF4/CHOP signalling pathways in the UPR,
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a result that demonstrates the ability of CuB to induce ERS
in CRC cells.

It has been reported that ROS at low and appropriate
concentrations regulate and maintain normal physiological
functions, whereas intracellular ROS overload has destructive
effects (34). In cancer research, Lai et al (35) reported that
crassolide, a diterpenoid derived from soft coral, could trigger
ERS to induce apoptosis and autophagy through the production
of ROS in lung cancer cells. The present experimental results
demonstrated that ROS production in HT-29 and SW620 cells
was gradually increased with increasing CuB concentration.
This is consistent with the findings of increased ROS produc-
tion induced by CuB in a related study in hepatocellular
carcinoma (36). Furthermore, the present study revealed that
after treatment with the ROS inhibitor NAC, the expression
of ERS-related proteins was suppressed, suggesting that CuB
may mediate the regulation of both IRE1 and PERK ERS via
ROS production in HT-29 and SW620 cells. In addition, when
HT-29 and SW620 cells were pretreated with the ERS inhibitor
4-PBA, CuB-induced apoptosis, Bcl2 downregulation and Bax
upregulation were reversed, emphasizing that CuB-induced
apoptosis in CRC cells may be associated with ERS.

CHOP is a marker of ERS-induced apoptosis and ulti-
mately induces apoptosis through signalling cascades (37-39).
Therefore, the present study also assessed the effects of
blocking the main target of ERS-induced apoptosis by down-
regulating CHOP expression in SW620 cells. The results
revealed that knockdown of CHOP reduced CuB-induced
apoptosis in SW620 cells compared with that in control cells.
Thus, these results suggested that CuB induces apoptosis in
CRC cells through ROS-mediated activation of the IRE1 and
PERK ERS signalling pathways. When the viability of cells
was examined using a CCKS assay, knockdown of CHOP
was found to increase the viability of SW620 cells, further
demonstrating that CuB inhibits the viability of CRC through
ROS-mediated activation of ERS.

According to a previous study, ROS can cause apop-
tosis (40). The present results showed that the CuB-induced
apoptosis of CRC cells was decreased after pretreatment with
NAC, and that CuB-induced Bcl2 downregulation and Bax
upregulation were also reversed, indicating that CuB can
induce apoptosis through ROS. These findings demonstrated
that CuB can induce apoptosis in CRC cells through ROS
and ERS; furthermore, CuB may induce apoptosis and inhibit
cancer cell proliferation through ROS-mediated activation of
ERS.

Although the present results confirmed the mechanism
underlying the effects of CuB on the apoptosis of HT-29 and
SW620 CRC cells, the present study still has limitations. First,
the present study successfully verified the role of ERS in the
CuB-induced apoptosis of CRC cells in the SW620 cell line,
in which CHOP was knocked down, but did not validate the
results in the HT-29 cell line. Second, to the best of our knowl-
edge, just one in vivo investigation of CRC has validated the
antitumour effectiveness of CuB (11). As a result, whether CuB
has a similar curative effect in animal models, and whether
it is associated with ERS and ROS should be investigated in
further animal studies.

In conclusion, the results of the present study demonstrated
that ROS and ERS have important roles in CuB-induced

apoptosis in CRC cells, and specifically demonstrated that
CuB can induce apoptosis in CRC cells through ROS-mediated
activation of ERS. These findings may provide new ideas for
the clinical development of novel drugs for the treatment of
CRC.
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