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Abstract. Endoplasmic reticulum stress (ERS) and autophagy 
are important pathways, which induce apoptosis of tumor 
cells. Osthole has been demonstrated to exert anticancer 
effects via the induction of apoptosis in several human colon 
cancer lines, but the mechanism underlying its involvement 
in the induction of ERS and autophagy in the human HT‑29 
colorectal cancer cell line remains unknown. The present study 
aimed to identify the possible signaling pathways involved in 
osthole‑induced apoptosis of HT29 cells. Methodologically, 
colony formation and Cell Counting Kit‑8 assays were used to 
assess cell proliferation and viability, respectively, while flow 
cytometry was performed to investigate apoptosis. Signaling 
pathways, including apoptosis, autophagy and ERS, were also 
investigated in the HT‑29 cell line using western blot analysis. 
The results demonstrated that osthole inhibited cellular 
proliferation and viability in a dose‑dependent manner. In 
addition, osthole induced the expression level of proteins 
associated with mitochondria‑mediated cell apoptosis, 
autophagy and ERS. The association between autophagy and 
ERS in osthole‑induced apoptosis in the HT‑29 cell line was 
further clarified. Inhibiting cell autophagy with the inhibitor, 
3‑methyladenine, suppressed osthole‑induced cell apoptosis 
and enhanced osthole‑induced ERS. By contrast, alleviating 
ERS with the inhibitor, 4‑phenylbutyric acid attenuated 
osthole‑induced cell apoptosis and autophagy. In conclusion, 
osthole could significantly suppress the proliferation and 
viability of the HT‑29 colorectal cancer cell line and induce 
cell apoptosis via autophagy and ERS. Furthermore, ERS may 
play a more important role in osthole‑induced cell apoptosis.

Introduction

Colon cancer is one of the most commonly diagnosed types 
of cancer worldwide and was ranked 4th among the most 
commonly diagnosed cancers in 2018 (1). Thus, colon cancer 
represents a major global public health concern. Conventional 
anticancer therapies, including surgery and chemotherapy, 
remain the most effective strategies for treatment; however, 
drug resistance develops in the majority of patients receiving 
chemotherapy (2). Colon cancer has poor clinical outcomes. 
Therefore, there is an urgent requirement to identify alterna‑
tive anticancer agents to improve future treatment.

Osthole is a natural coumarin‑derivative and bioactive 
compound extracted from the fruit of Cnidium monnieri (3). 
Its chemical formula is C15H16O3. It has been reported that 
osthole exhibited a broad range of pharmacological activities, 
including anti‑osteoporotic, anti‑inflammatory, cardiovas‑
cular and neuroprotective properties (4‑7), as well as having 
anticancer effects, which have been demonstrated in certain 
types of cancer cells, such as breast, ovarian and lung cancer 
cells (3,8,9). In addition, osthole induced cell death in human 
HCT116 and SW480 colon cancer cell lines (10). Osthole exerts 
anticancer effects by inhibiting cell proliferation and invasion, 
which may be associated with the induction of apoptosis and 
cell cycle arrest (11). However, the target of osthole‑induced 
apoptosis of human HT‑29 colorectal cancer cell line remains 
unclear.

Substantial efforts have been made to determine the 
molecular mechanisms that underlie cancer development 
and progression. Apoptosis and autophagy are 2  types 
of programmed cell death  (12). Autophagy is induced in 
response to various stresses that ultimately lead to apop‑
tosis and remove unnecessary or dysfunctional cytoplasmic 
components; therefore, autophagy plays an important role in 
various cellular functions, such as proliferation, apoptosis and 
epithelial‑mesenchymal transition (8). The endoplasmic retic‑
ulum (ER) is the foremost intracellular compartment of the 
secretory pathway in eukaryotic cells (13). Disruption of ER 
homeostasis causes the accumulation of misfolded/unfolded 
proteins in the ER lumen, which contributes to ER stress 
(ERS). The unfolded protein response (UPR) is activated in 
response to increased ERS, and orchestrates the recovery 
of homeostasis or triggers apoptosis, depending on the 
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degree and duration of damage or stress (14‑16). The UPR is 
governed by the action of 3 signaling proteins/transmembrane 
ERS sensors, namely inositol‑requiring enzyme 1α (IRE1α), 
protein kinase R (PKR)‑like ER kinase (PERK) and activating 
transcription factor 6 (ATF6) (17). Persistent and severe ERS 
can switch the cytoprotective functions of UPR and autophagy 
into cell death programs (18).

As a potential anticancer agent, the effects of osthole on 
the apoptosis of colorectal cancer cells and the underlying 
mechanisms are poorly understood. The present study aimed to 
investigate the effects of osthole treatment on HT‑29 cells with 
respect to its possible role in ERS, autophagy and apoptosis.

Materials and methods

Cell culture and treatments. The human HT‑29 colorectal 
cancer cell line was purchased from Procell Life Science & 
Technology Co., Ltd. (cat. no. CL‑0118), and authenticated 
using STR profiling. The cells were cultured in Dulbeccos 
modified Eagle's medium (DMEM), supplemented with 
10% heat‑inactivated fetal bovine serum, 100 U/ml penicillin 
and 100 µg/ml streptomycin (all from Gibco; Thermo Fisher 
Scientific, Inc.). Then, the cells were maintained at 37˚C in a 
humidified atmosphere with 5% CO2.

Osthole was purchased from Shanghai Aladdin 
Biochemical Technology Co., Ltd., (cat.  no.  O101698) 
and dissolved in DMSO (Sigma‑Aldrich; Merck KGaA), 
then diluted in DMEM to the desired final concentration 
(100,  50  and  25  µM). The HT‑29 cell line was randomly 
divided into 4 different treatment groups: i) HT‑29 cells were 
treated with 0.1% DMSO as the control and 100, 50 and 25 µM 
osthole for 24 h separately. All subsequent experiments were 
performed using 50 µM osthole. ii) HT‑29 cells were treated 
with 10 mM 3‑methyladenine (3MA; Sigma‑Aldrich; Merck 
KGaA), osthole and 3MA + osthole for 24 h separately, with 
0.1% DMSO as the control. iii) HT‑29 cells were treated with 
10 mM 4‑phenylbutyric acid (4‑PBA; Sigma‑Aldrich; Merck 
KGaA), osthole and 4‑PBA + osthole for 24 h separately, with 
0.1% DMSO as the control. iv) HT‑29 cells were treated with 
osthole, 3MA, 3MA + osthole, 4‑PBA, 4‑PBA + osthole and 
3MA + osthole + 4‑PBA for 24 h separately, with 0.1% DMSO 
as the control. The concentrations of 3MA, 4‑PBA and osthole 
were referenced to the doses most commonly used in the other 
experimental studies (19‑21). 

Colony formation assay. The effects of osthole on the prolif‑
eration of the HT‑29 cell line was measured using colony 
formation analysis. The HT‑29 cells, treated as aforemen‑
tioned, were seeded into 6‑well culture plates separately, then 
cultured under normal conditions for 7 days to form colonies. 
Subsequently, the colonies were fixed with 4% paraformalde‑
hyde (Sigma‑Aldrich; Merck KGaA) for 30 min and stained 
with 0.1% crystal violet (Sigma‑Aldrich; Merck KGaA) for 
20 min at room temperature. Images were captured with 
a digital camera and colonies ~0.3‑1.0  mm in size were 
counted.

Cell viability assay. The HT‑29 cells were seeded into 96‑well 
culture plates, at a density of 5x103 per well. Following treat‑
ment as aforementioned for the first 3 groups, cell viability was 

detected using a Cell Counting Kit‑8 (CCK‑8; Beyotime Institute 
of Biotechnology), according to the manufacturer's instructions; 
10 µl CCK‑8 solution was added and incubated for 1 h at 37˚C. 
The absorbance was measured at 450 nm using a microplate 
spectrophotometer (cat. no. 1681150; Bio‑Rad Laboratories, Inc.) 
and cell viability was calculated using the following formula: 
Cell viability (%)=(Aexperimental‑Ablank)/(Acontrol‑Ablank) x 100%.

Flow cytometry. The effects of osthole on the early and late 
apoptosis of HT‑29 cells was determined by flow cytometry. 
Following all four different treatments, the HT‑29 cells were 
harvested, washed twice with PBS (Sigma‑Aldrich; Merck 
KGaA), centrifuged at 300 x g for 5 min at room tempera‑
ture. The next operation was performed using the apoptosis 
kit (Nanjing KeyGen Biotech Co., Ltd.); the cells were gently 
resuspended in binding buffer (500 µl) and incubated with 
Annexin V‑APC (5 µl) and PI (5 µl) in the dark for 15 min. The 
cells were analyzed using a FACSCalibur™ flow cytometer 
(BD Biosciences) and FlowJo software version 10.6.2 (Tree 
Star, Inc.).

Western blot analysis. Following different treatments, the 
HT‑29 cells were collected. Total cellular protein was obtained 
by lysing the cells with RIPA buffer (cat. no. R0020) and the 
protein concentration was performed using a BCA Protein Assay 
kit (cat. no. PC0020) (both from Beijing Solarbio Science & 
Technology Co., Ltd.). The protein samples were denatured, and 
50 µg total protein samples were separated using 10% SDS‑PAGE, 
and subsequently electroblotted onto PVDF membranes (EMD 
Millipore). The membranes were blocked for 2  h at room 
temperature with TBS and 0.05% Tween‑20 (TBST), containing 
5% skimmed milk, then the membranes were incubated over‑
night at 4˚C with anti‑β‑actin (1:1,000; cat. no. ab8227; Abcam), 
anti‑Bax (1:1,000; cat. no. ab53154; Abcam), anti‑Bcl‑2 (1:1,000; 
cat.  no.  ab59348; Abcam), anti‑cleaved caspase‑3 (1:1,000; 
cat. no. ab2302; Abcam), anti‑p62 (1:500; cat. no. ab155686; 
Abcam), anti‑microtubule‑associated protein light chain 3 
(LC3; 1:1,000; cat. no. 12741; Cell Signaling Technology, Inc.), 
anti‑CHOP (1:1,000; cat. no. 2895; Cell Signaling Technology, 
Inc.), anti‑PERK (1:1,000; cat.  no.  5683; Cell Signaling 
Technology, Inc.), anti‑phosphorylated (p)‑PERK (1:1,000; 
cat. no. 3179; Cell Signaling Technology, Inc.), anti‑eukaryotic 
initiation factor 2 (eIF2)α (1:1,000; cat. no. 5324; Cell Signaling 
Technology, Inc.), anti‑p‑eIF2α (1:1,000; cat. no. 3398; Cell 
Signaling Technology, Inc.) and anti‑78 kDa glucose‑regulated 
protein (GRP78; 1:1,000; ProteinTech Group, Inc.) antibodies. 
After washing 3 times with TBST, the membranes were incu‑
bated with a HRP‑conjugated secondary antibody (1:2,000; 
cat. no. sc‑2748; Santa Cruz Biotechnology, Inc.) for 2 h at room 
temperature. The proteins on the membranes were visualized 
with an enhanced chemiluminescence detection kit (Bio‑Rad 
Laboratories, Inc.) using a ChemiScope 6000 imaging system 
(Clinx Science Instruments Co., Ltd.). Densitometry was 
performed using ImageJ software version 1.8.0 (National 
Institutes of Health).

Statistical analysis. All experiments were independently 
repeated at least 3  times and all statistical analyses were 
performed using SPSS software version 20.0 (IBM Corp.). All 
the data are presented as the mean ± SD. Statistical comparisons 
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were performed using one‑way ANOVA and Tukey's post hoc 
test for differences among multiple groups and an unpaired 
t‑test for differences between 2 groups. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Osthole effectively suppresses proliferation and induces 
apoptosis in the HT‑29 cell line. Osthole has been reported to 

exert inhibitory effects on several human cancer cells (3,8‑9), 
and to have anticancer effects on human HCT116 and SW480 
colon cancer cells (10). To investigate whether osthole has a 
similar inhibitory role in HT‑29 colorectal cells, proliferation 
and apoptosis were investigated. The results of the colony 
formation assay revealed that osthole, at 50 µM, exerted a 
significant inhibitory effect on the proliferation of the HT‑29 
cells and there was also a dose‑dependent inhibitory effect 
(P<0.001) (Fig. 1A and B). Similarly, the CCK‑8 assay also 

Figure 1. Osthole inhibits proliferation and viability, and induces apoptosis of the HT‑29 cell line. The proliferation and viability of the HT‑29 cells treated with 
osthole (0, 100, 50 and 25 µM) for 24 h was detected using (A and B) colony formation and (C) Cell Counting Kit‑8 assays, respectively. (D and E) HT‑29 cell 
apoptosis was detected using flow cytometry. (F) The expression levels of the apoptosis‑associated proteins Bax, Bcl‑2 and cleaved caspase‑3 were determined 
using western blot analysis, with β‑actin as a loading control. *P<0.05, **P<0.01, ***P<0.001 vs. control group (0 µM). 
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showed that osthole significantly inhibited cell viability in a 
dose‑dependent manner (P<0.05; Fig. 1C).

As osthole treatment reduced the viability of the HT‑29 
cells, it was subsequently investigated whether osthole 
could induced apoptosis. The results of flow cytometry 
revealed that the apoptotic rate of the HT‑29 cell line was 
significantly increased, in a dose‑dependent manner (P<0.01) 
(Fig. 1D and E). This finding was further confirmed following 
detection of the expression level of apoptosis‑related proteins 
using western blot analysis. It was demonstrated that the 
protein expression levels of Bax and cleaved caspase‑3 were 
significantly increased, whereas the protein expression level 
of Bcl‑2 was significantly decreased, in a dose‑dependent 
manner (P<0.05; Fig. 1F). These results suggested that osthole 
inhibited the proliferation and induced apoptosis in the HT‑29 
cell line.

Osthole activates autophagy and ERS in the HT‑29 cell 
line. Autophagy and ERS play important roles in cell apop‑
tosis (22,23); therefore, the effects of osthole on autophagy 
and ERS were detected using western blot analysis. The 
results demonstrated that the protein expression level of p62 
was significantly decreased and the protein expression level 
of LC3‑Ⅱ/LC3‑Ⅰ was significantly increased following osthole 
treatment, in a dose‑dependent manner (P<0.05; Fig. 2A). 
In addition, the protein expression level of GRP78 was 

significantly increased following treatment with 25 µM osthole 
(P<0.05), and the protein expression levels of p‑PERK/PERK, 
p‑elF2α/elF2α and CHOP were significantly increased 
following treatment with 50 µM osthole (P<0.05; Fig. 2B). 
These results showed that osthole induced autophagy and ERS 
in the HT‑29 cell line.

Effects of autophagy on osthole‑induced HT‑29 cell 
apoptosis. To further determine the role of autophagy in 
osthole‑induced HT‑29 cell apoptosis, the HT‑29 cell line 
was treated with osthole and the autophagy inhibitor, 3MA, 
and cellular proliferation and viability was examined using 
colony formation and CCK‑8 assays, respectively. As shown in 
Fig. 3A and B, compared with control group, osthole inhibited 
cell proliferation (P<0.05), whereas 3MA increased the prolif‑
eration of HT‑29 cells, but not significantly (P>0.05). Notably, 
co‑treatment with osthole and 3MA significantly inhibited cell 
proliferation compared with that in the 3MA group (P<0.05); 
however, there were no significant differences compared with 
that in the osthole group (P>0.05). Similarly, the CCK‑8 assay 
also revealed that osthole significantly inhibited cell viability 
compared with that in the control group (P<0.001), and there 
was a significant decrease in cell viability between the 3MA 
and 3MA + osthole groups (P<0.001). However, co‑treatment 
with osthole and 3MA did not significantly inhibit cell viability 
compared with that in the osthole group (P>0.05; Fig. 3C). 

Figure 2. Effects of osthole on the protein expression levels of autophagy‑ and endoplasmic reticulum stress‑related markers in the HT‑29 cell line. The protein 
expression levels of (A) p62 and LC3‑II/LC3‑I, (B) GRP78, p‑PERK/PERK, p‑elF2α/elF2α and CHOP were determined using western blot analysis. β‑actin 
was used as a loading control. *P<0.05, **P<0.01, ***P<0.001 vs. control group (0 µM). LC3, microtubule‑associated protein light chain 3; GRP78, 78 kDa 
glucose‑regulated protein; p‑, phosphorylated; PERK, protein kinase R (PKR)‑like endoplasmic reticulum kinase; elF2α, eukaryotic initiation factor 2α. 
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Furthermore, the apoptosis of the HT‑29 cells was examined 
using flow cytometry and it was found that the apoptosis of 
the HT‑29 cells co‑treated with osthole and 3MA was signifi‑
cantly higher compared with that in cells treated with 3MA 
alone (P<0.01), and significantly lower compared with that 
in the osthole treatment alone group (P<0.01; Fig. 3D and E), 
indicating that the inhibition of autophagy by 3MA could 
attenuate osthole‑induced cell apoptosis.

The present study also examined the changes of ERS in the 
HT‑29 cells treated with osthole and 3MA. The results revealed 
that the protein expression levels of GRP78, p‑PERK/PERK, 
p‑elF2α/elF2α and CHOP were significantly increased following 
osthole or 3MA treatment alone, compared with that in the 
control group (P<0.05). Furthermore, the HT‑29 cells treated 
with osthole and 3MA exhibited significantly increased protein 
expression level of GRP78, p‑PERK/PERK and p‑elF2α/elF2α 

Figure 3. Inhibition of autophagy by 3MA modulates osthole‑induced apoptosis and endoplasmic reticulum stress in the HT‑29 cell line. (A and B) Cell prolif‑
eration was measured using a colony formation assay. (C) Cell viability was measured using a Cell Counting Kit‑8 assay. (D and E) Apoptosis analysis was 
performed using flow cytometry. (F) The protein expression levels of GRP78, p‑PERK/PERK, p‑elF2α/elF2α and CHOP were determined using western blot 
analysis, and β‑actin was used as a loading control. *P<0.05, **P<0.01, ***P<0.001 vs. control group. #P<0.05, ###P<0.001 vs. 3MA group. &&P<0.01, &&&P<0.001 
vs. osthole group. GRP78, 78 kDa glucose‑regulated protein; p‑, phosphorylated; PERK, protein kinase R (PKR)‑like endoplasmic reticulum kinase; elF2α, 
eukaryotic initiation factor 2α; 3MA, 3‑methyladenine. 

https://www.spandidos-publications.com/10.3892/ol.2021.12987
https://www.spandidos-publications.com/10.3892/ol.2021.12987
https://www.spandidos-publications.com/10.3892/ol.2021.12987


ZHOU et al:  OSTHOLE INDUCES HT-29 CELL APOPTOSIS6

compared with that in the osthole or 3MA alone treatment 
groups (P<0.01), while the protein expression level of CHOP 
was significantly increased compared with that in the osthole 
group (Fig. 3E). These results demonstrated that inhibition of 
autophagy by 3MA may enhance osthole‑induced ERS.

Effects of osthole combined with the ERS inhibitor, 4‑PBA, on 
the HT‑29 cells. It was observed that inhibition of autophagy 

reduced apoptosis and enhanced ERS induced by osthole. To 
further characterize the role of ERS in osthole‑induced apop‑
tosis and autophagy, the ERS inhibitor, 4‑PBA, was used to 
treat the HT‑29 cells, and colony formation (Fig. 4A and B) 
and CCK‑8 (Fig. 4C) assays were performed to detect cell 
proliferation and viability, respectively. The results revealed 
that 4‑PBA had no significant effects on cell proliferation 
and viability compared with that in the control group, and the 

Figure 4. Suppression of endoplasmic reticulum stress with 4‑PBA attenuates osthole‑induced apoptosis and autophagy in the HT‑29 cell line. (A and B) Cell 
proliferation was measured using a colony formation assay. (C) Cell viability was measured using a Cell Counting Kit‑8 assay. (D and E) Apoptosis anal‑
ysis was performed using flow cytometry. (F) The protein expression levels of p62 and LC3 were determined using western blot analysis, and β‑actin was 
used as a loading control. **P<0.01, ***P<0.001 vs. control group. #P<0.05, ##P<0.01, ###P<0.001 vs. 4‑PBA group. &&P<0.01, &&&P<0.001 vs. osthole group. 
LC3, microtubule‑associated protein light chain 3; 4‑PBA, 4‑phenylbutyric acid. 
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co‑treatment of 4‑PBA and osthole also had no significant 
effects on cell proliferation and viability compared with that 
in the osthole group (P>0.05). However, the proliferation 
and viability of the HT‑29 cells was significantly decreased 
following osthole and 4‑PBA co‑treatment compared with 
that in the 4‑PBA group (P<0.05). In addition, the effects of 
osthole and 4‑PBA co‑treatment on the apoptosis of the HT‑29 
cells was examined using flow cytometry (Fig. 4D and E), 
and it was found that 4‑PBA had no significant effects on 
apoptosis, whereas cells co‑treated with osthole and 4‑PBA 
exhibited significantly higher levels of apoptosis compared 
with that in the 4‑PBA group and lower levels compared 
with that in the osthole group (P<0.01). Furthermore, the 
protein expression levels of autophagy‑related proteins 
were detected using western blot analysis (Fig.  4F). The 
results demonstrated that 4‑PBA had no significant effects 
on the protein expression levels of p62 and LC3‑II/LC3‑I 
(P>0.05). However, following co‑treatment with osthole 
and 4‑PBA, the protein expression level of p62 was signifi‑
cantly lower compared with that in the 4‑PBA group and 
significantly higher compared with that in the osthole group. 
Furthermore, the protein expression level of LC3‑II/LC3‑I 
was significantly increased compared with that in the 4‑PBA 
group and significantly decreased compared with that in the 
osthole group (P<0.01), indicating that suppression of ERS 
with 4‑PBA attenuated osthole‑induced cell apoptosis and 
autophagy.

Combined effect of osthole, 3MA and 4‑PBA on apoptosis 
in the HT‑29 cells. Since the inhibition of autophagy and 
suppression of ERS were found to attenuate osthole‑induced 
cell apoptosis separately, the present study further analyzed 
the combined effects of osthole, 3MA and 4‑PBA on the 

apoptosis of the HT‑29 cells using flow cytometry (Fig. 5). It 
was found that cells co‑treated with osthole, 3MA and 4‑PBA 
exhibited significantly lower levels of apoptosis compared 
with that in the 3MA and osthole or 4‑PBA and osthole 
groups (P<0.05). These results demonstrated that inhibi‑
tion of autophagy and ERS, at the same time, significantly 
attenuated osthole‑induced colorectal cancer cell apoptosis. 
Of note, 4‑PBA and osthole treatment reduced apoptosis 
more significantly compared with that in cells treated with 
3MA and osthole (P<0.05), suggesting that suppression of 
ERS with 4‑PBA played a more important role in alleviating 
osthole‑induced cell apoptosis.

Discussion

Due to its resistance to anticancer agents, colon cancer has 
poor outcomes in the clinical setting (2). Therefore, identifying 
effective drugs for the treatment of colon cancer is crucial. The 
ability to induce apoptosis has been accepted as a mechanism 
of action for anticancer drugs, and most of the conventional 
anticancer drugs are apoptosis inducers, including cisplatin, 
oxaliplatin and cyclophosphamide (24). Therefore, identifying 
new agents that induce apoptosis in cancer cells offers poten‑
tially useful approaches to improving patient responses to 
conventional chemotherapy (9).

Accumulating evidence has shown that osthole exerts 
anticancer effects in different cell lines  (3,8,9), yet its 
preclinical significance and biological role in colon cancer 
remains unclear. Huang et al (10) found that osthole reduced 
the viability of the human colon cancer cells, HCT116 and 
SW480. Consistent with these results, in the present study, 
osthole inhibited the proliferation and viability of the HT‑29 
cell line in a dose‑dependent manner. Apoptosis occurs via 

Figure 5. Combined effects of osthole, 3MA and 4‑PBA on apoptosis in the HT‑29 cell line. ***P<0.001 vs. control group. &&P<0.01, &&&P<0.001 vs. 3MA + osthole 
group. #P<0.05, ##P<0.01, ###P<0.001 vs. 4‑PBA + osthole group. 3MA, 3‑methyladenine; 4‑PBA, 4‑phenylbutyric acid. 
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2 signaling pathways: The mitochondrial (intrinsic) pathway 
and the death receptor (extrinsic) pathway. The Bcl‑2 protein 
family regulates the intrinsic pathway by controlling outer 
mitochondrial membrane integrity (25). Bcl‑2 and Bax are 
important proteins in the Bcl‑2 family, which exert anti‑ and 
pro‑apoptotic effects, respectively. Upregulation of Bax and 
cleaved caspase‑3, and downregulation of Bcl‑2 play key roles 
in inducing cell apoptosis (26,27). Similarly, apoptosis was 
observed in osthole‑treated HT‑29 cells in the present study. 
Furthermore, osthole reduced Bcl‑2 and promoted cleaved 
caspase‑3 activation. Therefore, the results of the present study 
suggested that osthole may induce apoptosis of the HT‑29 
cells via the intrinsic pathway, which has also been observed 
in human breast cancer, lung cancer and colon carcinoma 
cells (3,9,10).

Autophagy, or type Ⅱ cell death, is an essential cellular 
process responsible for the degradation of organelles, proteins 
and other cytoplasmic components such as the cytoplasmic 
membrane. It fulfils a dual role in all types of cancer, including 
colon cancer, with both tumor‑promoting and tumor‑suppressing 
properties (28,29). LC3 includes 2 forms (LC3‑I and LC3‑II), 
in which LC3‑II is the autophagosome‑associated form, which 
is converted from the cytosolic form, LC3‑I (8). The turnover 
of LC3‑II is often used as a marker of autophagic activity (28). 
p62, also known as sequestosome 1, is an adaptor protein that 
binds to LC3, which is also a substrate for selective autophagy 
and mitophagy (30). Total p62 protein expression level is nega‑
tively associated with autophagic flux (31). The accumulation 
of p62 is critical for tumorigenesis and p62 has been found 
to be highly expressed in colon cancer tissues (32,33). In the 
present study, it was found that the ratio of LC3‑Ⅱ/LC3‑I was 
significantly increased, whereas the protein expression level 
of p62 was decreased following osthole treatment. Osthole 
was shown to induce autophagy in human ovarian cancer 
cells (8). The results of the current study suggested that osthole 
promoted autophagy and p62 degradation in human colorectal 
cancer cells.

The UPR is governed by the action of 3 ER sensors: PERK, 
IRE1α and ATF6. Under conditions of ERS, GRP78 is released 
from these 3 sensors (34). Dimerization and subsequent phos‑
phorylation of PERK activates PERK, so it can phosphorylate 
eIF2α and induce the translation of ATF4, which consequently 
enhances the transcription of CHOP, a proapoptotic transcrip‑
tion factor (18,35,36). Osthole has been shown to activate the 
ERS signaling pathway in normal human hepatocytes and 
breast cancer cells (21,37). Similarly, the results of the present 
study demonstrated that the ERS signaling proteins, GRP78, 
p‑PERK/PERK, p‑elF2α/elF2α and CHOP, were upregulated 
following osthole treatment in the HT‑29 cell line.

Autophagy and the UPR are fundamental mecha‑
nisms involved in the regulation of cellular responses to 
environmental and genetic stresses. Both pathways are 
interconnected and regulate cellular responses to apoptotic 
stimuli (38). ERS can induce autophagy via at least 2 UPR 
pathways, PERK‑elF2α and IRE1α  (17). The compound, 
4‑PBA, has been used as a selective inhibitor of ERS. In the 
present study, autophagy was found to be important for cell 
apoptosis due to pharmacological ERS. Blockade of ERS 
induction via 4‑PBA attenuated osthole‑induced apoptosis 
and autophagy. Consequently, these findings suggested that 

osthole‑induced ERS plays an important role in the crosstalk 
between apoptosis and autophagy. Osthole could induce 
apoptosis in colorectal cancer cells, and its effects are partly 
mediated by the ERS pathway. Autophagy can alleviate 
ERS by degrading unfolded or aggregated proteins (17,18). 
The compound, 3MA, is a known inhibitor of autophagy. 
In the current study, inhibiting cell autophagy with 3MA 
attenuated osthole‑induced cell apoptosis, but enhanced the 
expression levels of ERS‑related proteins following osthole 
treatment. These results indicated that autophagy played an 
anti‑tumorigenic role in apoptosis, which was induced by 
osthole. Furthermore, the effects of autophagy inhibitors on 
alleviating osthole‑induced apoptosis was less prominent 
compared with that in cells treated with ERS inhibitors, 
suggesting that the activation of autophagy may be depen‑
dent on ERS during this process.

In conclusion, osthole inhibited the proliferation and 
viability, and induced apoptosis of the HT‑29 cell line via acti‑
vation of autophagy and the ERS pathway, and ERS plays an 
important role in osthole‑induced cell apoptosis. Thus, osthole 
may be a promising candidate for the treatment of human 
colon cancer.
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