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Abstract. Chrysin is a natural flavone that has various biological 
activities, including antitumor effects. However, the effect of 
chrysin on bladder cancer cells remains elusive. The present 
study investigated the effects of chrysin on bladder cancer 
cells and its underlying mechanisms. The results demonstrated 
that chrysin induced apoptosis via the intrinsic pathway, as 
evidenced by activation of caspase‑9 and caspase‑3, however 
not caspase‑8. In addition, chrysin reduced the expression 
of anti‑apoptotic B cell lymphoma (Bcl) proteins including 
Bcl‑2, Mcl‑1, Bcl‑xl, and promoted the protein expression of 
pro‑apoptotic Bcl‑2 associated X, apoptosis regulator. Chrysin 
also induced endoplasmic reticulum stress via activation of 
the unfolded protein response of PRKR‑like endoplasmic 
reticulum kinase, eIF2α and activating transcription factor 4 
in bladder cancer cells. Additionally, chrysin inhibited the 
signal transducer and activator of transcription 3 pathway. 
Furthermore, the generation of reactive oxygen species (ROS) 
was detected following treatment with chrysin. The ROS 
scavenger N‑acetylcysteine inhibited the antitumor effect of 
chrysin. Collectively, these results indicate chrysin may act as 
a promising therapeutic candidate for targeting bladder cancer.

Introduction

Bladder cancer has become a global health issue, as the second 
most common type of ‘tract cancer’ in the developed countries, 
with over 400,000 new cases and 160,000 mortalities 
worldwide per year (1). At diagnosis, ~30% of bladder cancer 
patients have invasive muscle tumor cells, and 10% of patients 
have metastatic tumor cells with a poor prognosis (2). Currently, 
surgical resection, radiation and chemotherapy are common 

therapeutic strategies used to fight against bladder cancer. 
However, surgery and the current cisplatin‑based combination 
therapeutic options are limited by the side effects associated 
with treatment and by some tumor cells eventually developing 
drug resistance (3). Therefore, it is imperative to develop novel 
strategies to overcome bladder cancer, including therapies 
that can be applied in combination with current strategies. 
Mounting evidence indicates that natural compounds provide 
a new window of opportunity due to their safety and potential 
to overcome resistance to chemotherapy (4).

Chrysin (5,7‑dihydroxyflavone) is a natural flavone found 
in multiple plant extracts, such as honey and pollen, that has a 
wide range of biological activities such as antibacterial, anti-
hypertensive, anti‑allergic, anti‑inflammatory, and antioxidant 
effects (5‑9). Chrysin is also an active inhibitor of cancer cells. 
For example, chrysin can induce cell death in various cancer 
types such as hepatocellular, breast, prostate and pancreatic 
carcinomas (10,11). In addition, chrysin overcame chemoresis-
tance to cisplatin and Adriamycin in non‑small cell lung cancer 
(NSCLC) cells (8). These findings make chrysin an attractive 
antitumor agent. However, there is still little knowledge about 
the effects of chrysin on bladder cancer cells.

In the present study, we observed a stronger cytotoxicity 
for chrysin against human bladder cancer cells than against 
non‑malignant immortalized urothelial cells. Mechanistically, 
we showed that chrysin induced apoptosis via the intrinsic 
pathway. In addition, we demonstrated that chrysin could 
induce ER stress and suppress the STAT3 signaling pathway, 
which relies on the generation of ROS.

Materials and methods

Cell culture and chemicals. The human bladder cancer cell 
lines T‑24 and 5637 and the non‑malignant immortalized 
urothelial SV‑HUC‑1 cells were purchased from the Shanghai 
Bank of Cell Culture (Shanghai, China). Cells were cultured in 
RPMI 1640 medium (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 10% fetal bovine serum plus 
100 U/ml penicillin and 100 µg/ml streptomycin (Thermo 
Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere of 
5% CO2. Chrysin (purity >99%) was purchased from Sigma 
(St.  Louis,  MO, USA) and dissolved in DMSO. 

Chrysin induces cell growth arrest, apoptosis, and ER stress  
and inhibits the activation of STAT3 through the 

generation of ROS in bladder cancer cells
YI XU,  YANYUE TONG,  JUNJIE YING,  ZHANGMING LEI,  LIJUN WAN,  XIUWEN ZHU,  FENG YE,  

PENGLEI MAO,  XINKUAN WU,  RENBING PAN,  BO PENG,  YUKUN LIU  and  JIANYONG ZHU

Department of Urology, Quzhou People's Hospital, Quzhou, Zhejiang 324000, P.R. China

Received April 6, 2017;  Accepted October 17, 2017

DOI:  10.3892/ol.2018.8522

Correspondence to: Dr Jianyong Zhu, Department of Urology, 
Quzhou People's Hospital, 2 Zhongloudi, Kecheng, Quzhou, 
Zhejiang 324000, P.R. China
E‑mail: zhujianyongbrave@yeah.net

Key words: chrysin, apoptosis, ER stress, STAT3, ROS, bladder 
cancer



XU et al:  CHRYSIN POSSES ANTITUMOR EFFECT AGAINST BLADDER CANCER CELLS9118

3‑(4,5‑Dimethylthiazol‑2yl)‑2,5‑diphenyltetrazolium bromide 
(MTT), N‑acetyl cysteine (NAC) and DMSO were purchased 
f rom Sigma. Z‑LEHD‑FMK, Z‑DEVD‑FMK and 
Z‑IETD‑FMK were purchased from Abcam (Cambridge, CA, 
USA). All other chemicals were obtained from Sigma.

MTT assay. Cells were cultured in 96‑well plates at a density 
of 1x104 cells/well and treated with various concentrations 
of chrysin. After treatment for the indicated time, MTT was 
added, followed by another 4 h incubation. The OD at 570 nm 
was read using a microplate reader (Biotek, Winooski, VT, 
USA). Experiments were carried out in triplicate and were 
repeated separately three times.

Apoptosis assay. Apoptotic cell death was examined by the 
analysis of DNA fragmentation as previously described (12). 
Briefly, cells were collected after treatment. Nicoletti buffer 
[sodium citrate 0.1% (w/v) containing 0.1% Triton X‑100 (w/v) 
and propidium iodide 50 ng/ml] was added to the cell pellets 
and incubated for 2 h at 4˚C in the dark room. The fluores-
cence intensity was then measured with a FACSVerse TM 
flow cytometer (Beckman Coulter, Fullerton, CA, USA) and 
analyzed with the FlowJo software (Tree Star, Inc., Ashland, 
OR, USA). The formula to calculate the apoptosis is as follows: 
(percentage of treated apoptosis‑percentage of spontaneous 
apoptosis)/(100‑percentage of spontaneous apoptosis) x100.

Subcellular fraction purification. The cytosolic fraction 
was isolated using cytosolic and mitochondrial fraction kits 
(Beyotime, Shanghai, China) according to the manufacturer's 
guide.

Western blot analysis. For each sample, cells were lysed using 
the CHAPS buffer provided by Cell Signaling Technology 
(Danvers, MA, USA). Protein samples (20 µg) were sepa-
rated on a 10% SDS‑PAGE gel and transferred onto a PVDF 
membrane (Millipore, Billerica, MA, USA). PVDF membranes 
were then blocked with 5% skimmed milk (BYL40422; BD 
Biosciences, Franklin Lakes, NJ, USA). The following primary 
antibodies were used at 4˚C overnight: PERK (cat. no. ab65142; 
dilution, 1:1,000), EIF2α (cat. no. ab5369; dilution, 1:1,000; 
Abcam), GAPDH (cat. no. SAB 2100894; dilution, 1:5,000; 
Sigma), p‑PERK (cat. no. 3179; dilution 1:1,000), p‑EIF2α 
(cat. no. 3398; dilution, 1:1,000), caspase‑3 (cat. no. 9662; 
dilution 1:1,000), caspase‑8 (cat. no. 9746; dilution 1:1,000), 
caspase‑9 (cat. no. 9502; dilution 1:1,000), Bcl‑2 (cat. no. 4223; 
dilution, 1:1,000), Mcl‑1 (cat. no. 5453; dilution 1:1,000), Bcl‑xl 
(cat. no. 2762; dilution, 1:1,000), Bax (cat. no. 2774; dilution, 
1:1,000), p‑STAT3 (cat. no. 9154; dilution, 1:1,000), and 
STAT3 (cat. no. 4904; dilution 1:1,000) were purchased from 
Cell Signaling Technology. Then anti‑rabbit (cat. no. A0545; 
dilution, 1:5,000) and anti‑mouse (cat. no. M5899; dilution, 
1:5,000) HRP‑conjucted secondary antibodies (Sigma) were 
used at room temperature for 1 h. Signals were visualized with 
ECL reagent (Pierce Biotechnology, Inc., Rockford, IL, USA). 
Densitometric analysis was performed with Quantity One 
software (Bio‑Rad Laboratories, Richmond, CA, USA).

Caspase activity assays. The activity of caspases was 
measured using a caspase activity assay kit purchased from 

Beyotime (Beijing, China) according to the manufacturer's 
protocol. The peptides were DEVD‑, IETD‑ and LEHD‑p‑NA 
for the caspase‑3, ‑8 and ‑9 assays, respectively. Briefly, cell 
lysates were prepared after treatment and incubated with the 
supplied reaction buffer and the colorimetric substrates at 37˚C 
for 2 h in the dark. Then, the absorbance of the solutions was 
measured with a Bio Tek microplate reader at 405 nm.

ROS detection. After treatment with chrysin, cells were 
collected and stained with 15 µM DCFH‑DA for 30 min, 
washed with PBS and then evaluated using a FACSVerseTM 
flow cytometer. Data were analyzed using FlowJo V10 (Tree 
Star, Inc.).

Statistical analysis. All data values were presented as the 
mean ± SD (standard deviation). Statistical comparisons were 
measured using a one‑way analysis of variance (ANOVA) 
followed by Tukey's test. Statistical analyses were carried out 
by using SPSS software (SPSS Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Cytotoxic effect of chrysin on bladder cancer cells. To 
evaluate the cytotoxic effects of chrysin on human bladder 
cancer cells in vitro, we incubated two human bladder cancer 
lines, T24 and 5637, with various doses (20, 40, 60, 80 µM) of 
chrysin for 24 h; cell viability was measured using the MTT 
assay. The results showed that chrysin displayed an antitumor 
effect in a concentration‑dependent manner (Fig. 1A). Then, 
we treated T24 and 5637 cells with 40 µM for various times 
(12, 24, 36 48 h). As shown in Fig. 1B, chrysin also repressed 
the viability of bladder cancer cells in a time‑dependent 
manner. To examine the cytotoxic effects of chrysin on 
normal bladder cells, we incubated SV‑HUC‑1, which is an 
immortalized non‑malignant bladder urothelial cell line, 
with chrysin. Interestingly, chrysin exerted little toxicity on 
SV‑HUC‑1 (Fig. 1A and B). Taken together, these data suggest 
that chrysin exerts a selective antitumor effect on bladder 
tumor cells but not on normal cells. T24 cells were selected 
for further analysis since they were more sensitive to chrysin 
than the 5637 cells.

Chrysin selectively induces apoptosis in human bladder cells. 
Then, we asked whether chrysin could induce apoptosis in 
bladder cancer cells. T24 cells were treated with various doses 
(20, 40, 80 µM) of chrysin for 24 h, and apoptotic cells were 
measured using the apoptosis assay as described earlier (12). 
As shown in Fig. 2A, we found that chrysin induced apoptosis 
in a dose‑dependent manner in T24 cells, while there was little 
apoptosis in the non‑malignant SV‑HUC‑1 cells. To further 
investigate the apoptosis induced by chrysin, we used western 
blotting to measure the protein levels of caspases, which 
are a family of protease enzymes that play essential roles in 
apoptosis. We found that chrysin triggers the activation of 
caspase‑3/9 but not caspase‑8 in a dose‑dependent manner in 
T24 cells but not in SV‑HUC‑1 cells (Fig. 2B). In addition, 
the activities of caspases were measured by a commercial 
caspase activity assay kit. In line with the western blot results, 
the activity of caspase‑3/9 but not caspase‑8 was significantly 
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enhanced by chrysin treatment in T24 cells. At the same time, 
the activity of caspases could not be detected in the SV‑HUC‑1 
cells (Fig. 2C).

Chrysin induces apoptosis via the intrinsic pathway in bladder 
cancer cells. There are two pathways leading to apoptosis, 
known as the intrinsic and extrinsic pathways (13). The 
intrinsic pathway is initiated by caspase‑9, while the extrinsic 
pathway is initiated by caspase‑8. Both pathways ultimately 
rely on the activation of caspase‑3. Our observation that 
caspase‑9/3 but not caspase‑8 was activated after the treatment 
of chrysin suggested that the induction of apoptosis was via 
the intrinsic pathway in T24 cells. To further confirm this, 
various specific caspase inhibitors were used. As indicated 
in Fig. 3A, the specific caspase‑3 inhibitor (Z‑DEVD‑FMK) 
and caspase‑9 inhibitor (Z‑LEHD‑FMK) but not the caspase‑8 
inhibitor (Z‑IETD‑FMK) could markedly inhibit both the 
apoptosis‑induced by chrysin (80 µM) and the chrysin‑mediated 
repression T24 cell viability (Fig. 3A). The intrinsic apoptotic 
pathway is known to be regulated by the Bcl‑2 proteins, 
which can be divided into anti‑apoptotic and pro‑apoptotic 
members (13). Therefore, we asked whether the levels of 
Bcl‑2 proteins were affected after the chrysin treatment. We 
found that the expressions of the anti‑apoptotic proteins Bcl‑2, 
Mcl‑1 and Bcl‑xl were repressed, while the pro‑apoptotic 
protein Bax was upregulated, by chrysin in a dose‑dependent 
manner (Fig. 3B). Furthermore, we also observed an increase 
in cytochrome c and Smac/DIABLO in the cytosol in a 
dose‑dependent manner in T24 cells (Fig. 3C). These findings 
suggest that chrysin may induce intrinsic apoptosis via the 
modulation of Bcl‑2 proteins.

Chrysin induces ER stress and inhibits the STAT3 pathway 
in bladder cancer cells. Endoplasmic reticulum (ER) stress 
plays a critical role in apoptosis induced by different natural 
flavones or their derivatives (14‑16). Therefore, we suspected 

that the activation of ER stress involved in bladder cancer 
cell apoptosis may be induced by chrysin. PERK (protein 
kinase RNA‑like endoplasmic reticulum kinase), a type‑I 
ER transmembrane protein, can be activated in response 
to ER stress (17). PERK activation then directly leads to 
eIF2α (eukaryotic initiation factor 2α) phosphorylation and 
translation inhibition (18). In addition, ATF4 (activating 
transcription factor‑4) induces the transcription of various 
target genes during the ER stress response (19). Therefore, 
PERK‑eIF2α‑ATF4 axis activation is a hallmark of ER stress. 
We measured the status of PERK, eIF2α, and ATF4 in T24 
cells after chrysin treatment. As indicated in Fig. 4, chrysin 
induces the up‑regulation of ATF‑4 and the phosphorylation 
of PERK eIF2α in T24 cells in a dose‑dependent manner.

It has been well documented that STAT proteins are 
involved in the process of apoptosis by regulating the expres-
sion of Bcl‑2 proteins (20). Constitutively active STAT3 is 
found in different human cancers. Various flavones have 
also been found to induce apoptosis via inhibition of STAT3 
activation. To further investigate the potential mechanism of 
the antitumor effect of chrysin, we examined the levels of 
STAT3 protein. We found that treatment with chrysin reduced 
the level of phosphorylated STAT3 but not total STAT3 in a 
dose‑dependent manner.

These results suggest that both ER stress and STAT3 may 
potentially be involved in chrysin‑induced apoptosis in T24 
cells.

ROS accumulation is associated with the antitumor effect of 
chrysin. Many studies have indicated that ROS accumulation 
induced by anti‑cancer agents can trigger cell death in different 
types of cancers. Therefore, we asked whether ROS generation 
is associated with the antitumor effect of chrysin. We detected 
intracellular ROS levels after chrysin treatment and found that 
ROS generation was increased in a dose‑dependent manner 
(Fig. 5A and B). Moreover, we treated T24 cells with chrysin 

Figure 1. Chrysin inhibits the viability of bladder cancer cells but not non‑malignant cells. (A) Bladder cancer cell lines T‑24 and 5637 and non‑malignant 
SV‑HUC‑1 cells were treated with various doses of chrysin for 24 h, then cell viability was measured by the MTT assay. (B) Bladder cancer cell lines T‑24 and 
5637 and non‑malignant SV‑HUC‑1 cells were treated with 40 µM chrysin for various times, then cell viabilities were measured with MTT assay. Data are 
presented as the mean ± SD (n=3). *P<0.05, **P<0.01 vs. control. MTT, 3‑(4,5‑Dimethylthiazol‑2yl)‑2,5‑diphenyltetrazolium bromide.
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Figure 2. Chrysin induces apoptosis in bladder cancer cells but not non‑malignant cells. (A) Human bladder cancer T24 and non‑malignant SV‑HUC‑1 cells 
were treated with various doses (0, 20, 40, 80 µM) of chrysin for 24 h, then cellular apoptosis was measured by flow cytometry. (B) Human bladder cancer cells 
T24 and SV‑HUC‑1 cells were treated with various doses (0, 20, 40, 80 µM) of chrysin for 24 h, then cellular lysates were subjected to western blot analysis. 
The band densities of western blots were quantitatively analyzed. (C) Human bladder cancer cells T24 and SV‑HUC‑1 cells were treated with various doses 
(0, 20, 40, 80 µM) of chrysin for 24 h, then cellular lysates were subjected to caspase activity assays. Data are presented as the mean ± SD (n=3). *P<0.05, 
**P<0.01, ***P<0.001 vs. control.
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(80 µM) in the presence of the ROS scavenger NAC (20 µM) 
and then assessed intracellular ROS production. As shown in 
Fig. 5A and B, NAC abolished chrysin‑induced ROS genera-
tion. To further characterize the role of ROS, we examined the 
ER stress markers p‑STAT3 and Bcl‑2 by western blot. We 
found that NAC could block the up‑regulated expression of 
p‑PERK, p‑EIF2α and ATF4. In addition, NAC could abrogate 
the effects of chrysin on p‑STAT3 and Bcl‑2 family proteins. 
(Fig. 5C and D). Finally, NAC also abolished the effects of 

chrysin on the cell viability and apoptosis (Fig. 5E and F). 
Altogether, ROS generation appears to play an essential role in 
the antitumor effects of chrysin.

Discussion

Bladder cancer continues to be a global health problem. 
The most common approach for treating early stage bladder 
cancer is surgical resection, and chemotherapy is critical for 

Figure 3. Chrysin induces apoptosis via the intrinsic pathway in bladder cancer cells. (A) Human bladder cancer cells T24 were treated with or without chrysin 
(80 µM) in combination with different caspase inhibitors (Z‑LEHD‑FMK, Z‑IETD‑FMK, Z‑DEVD‑FMK) for 24 h, then cellular apoptosis and viability 
were measured with flow cytometry and MTT assay, respectively. (B) Human bladder cancer cells T24 were treated with various doses (0, 20, 40, 80 µM) of 
chrysin for 24 h, and then cellular lysates were subjected to western blot. (C) Human bladder cancer cells T24 and SV‑HUC‑1 cells were treated with various 
doses (0, 20, 40, 80 µM) of chrysin for 24 h, then cellular cytosolic fractions were subjected to western blot analysis. The band densities of western blots were 
quantitatively analyzed. Data are presented as the mean ± SD (n=3). *P<0.05, **P<0.01, ***P<0.001 vs. control.
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the eradication of tumors that cannot be removed by surgery. 
Although several chemotherapeutic agents for the manage-
ment of bladder cancer have been developed in clinics, drug 
resistance and side effects remain pivotal issues (3). Natural 
products have been found to be valuable sources of antitumor 
agents with reduced side effects. A wide variety of natural 
products, such as atractylenolide I, curcumin, quercetin and 
fucoidan, possess significant cytotoxic activity against bladder 
cancer cells (21‑24). Chrysin is a flavonoid found in many 
plant extracts and possesses various bioactivities, including 
a potential antitumor effect in multiple types of human 
cancers (11). However, little is known about the effects of 
chrysin on bladder cancer cells. In the present study, we found 
that chrysin shows promising antitumor effects against bladder 
cancer cells in vitro. This finding is verified by the following 
evidence: i) chrysin represses the viability of bladder cancer 
cells but not normal cells; ii) chrysin induces apoptosis in 
bladder cancer cells; iii) chrysin induces ER stress and inhibits 
STAT3 signaling in bladder cancer cells; and iv) chrysin exerts 
an antitumor effect via the induction of ROS.

In the present study, we discover that chrysin selectively induces 
the suppression of bladder cancer cell growth in a dose‑dependent 
manner but did not reduce viability in the normal immortalized 
urothelial SV‑HUC‑1 cells. Similarly, it has been previously 
reported that non‑transformed cells from different origins, such 
as fibroblasts and epithelial cells, are much more resistant to the 
cytotoxic effect of chrysin than malignant cells (25,26). These 
findings indicate the selective antitumor effect of chrysin in 
targeting malignant cells and sparing non‑cancer cells.

It is well known that apoptosis plays an essential role in the 
antitumor effects of chemotherapeutic agents. The activation 
of caspases, a group of cysteine proteases, is a key intracel-
lular event in apoptosis. In the present study, we found that 
chrysin treatment promoted the activation of caspase‑3 and 
caspase‑9 but not caspase‑8 in T24 cells. Moreover, specific 
inhibitors of caspase‑3/9 but not of caspase‑8 could block the 
antitumor effect of chrysin. We also found that the anti‑apop-
totic proteins Bcl‑2, Bcl‑xl, and Mcl‑1 were repressed and that 
the pro‑apoptotic protein Bax was upregulated after chrysin 
treatment. These findings indicate that chrysin selectively 
induces apoptosis in bladder cancer cells via the intrinsic 
apoptotic pathway. Our findings are similar to previous 
studies. For example, chrysin induced apoptosis in human 
lung cancer cells by activating caspase‑3/9, decreasing Bcl‑2 
and increasing Bax (27). In a recent study, chrysin was also 
found to induce apoptosis in hepatocellular carcinoma cells 
via the intrinsic apoptotic pathway and regulation of Bcl‑2 
family proteins (28). Interestingly, many other flavonoids such 
as quercetin, chalcone and hesperetin exert their antitumor 
effects by triggering intrinsic apoptosis (29‑31).

Another important finding from our study was that chrysin 
activated the ER stress pathway in bladder cancer cells, as 
evidenced by increased levels of p‑PERK, p‑eIF2α and ATF4. 
Phosphorylation of PERK is one of the early events in ER 
stress. Activated PERK directly phosphorylates eIF‑2α which 
results in the repression of eIF‑2α. On the other hand, eIF‑2α 
increases the translation of ATF4. These findings are similar 
to a recent study in which chrysin also induced ER stress 

Figure 4. Chrysin induces ER stress and represses STAT3 activation. (A and B) Human bladder cancer cells T24 were treated with various doses (0, 20, 40, 
80 µM) of chrysin for 24 h, then cellular lysates were subjected to western blot. The band densities of western blots were quantitatively analyzed. Data are 
presented as the mean ± SD (n=3). *P<0.05, **P<0.01, ***P<0.001 vs. control.
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in prostate cancer cells (32). Targeting ER stress is a useful 
strategy against various tumors and our findings provide 
further insight into the antitumor effects of chrysin.

STAT3 belongs to a family of cytosolic transcription 
factors that are involved in cell proliferation, migration and 
differentiation (33). Constitutive activation of STAT3 has 
been implicated in various human cancers, including bladder 

cancer (33). Inhibition of constitutively phosphorylated 
STAT3 leads to growth inhibition and apoptosis of tumor 
cells both in vitro and in vivo (33). Interestingly, chrysin 
has been reported to overcome resistance to TRAIL, a TNF 
superfamily member that can selectively induce apoptosis 
in tumor cells but not normal cells, via inhibition of STAT3 
phosphorylation (34). Therefore, modulation of STAT3 may 

Figure 5. Antitumor effects of chrysin rely on the generation of ROS. (A and B) T24 cells were treated with various concentrations of chrysin (20, 40, 80 µM) 
or with NAC (20 µM). Intracellular ROS generation was measured using the DCFH‑DA probe with flow cytometry. M reflects the positive DCF fluorescence. 
(C and D) T24 cells were treated with chrysin (80 µM) and NAC (20 µM) for 24 h. Then, cell lysates were subjected to western blot analysis with the indicated 
antibodies. The band densities of western blots were quantitatively analyzed. (E and F) T24 cells were pretreated with treated with chrysin (80 µM) and NAC 
(20 µM) for 24 h. Then, cell viability and apoptosis rate were evaluated. Data are presented as the mean ± SD (n=3). *P<0.05 and ***P<0.001 vs. control. NAC, 
N‑acetyl cysteine; ROS, reactive oxygen species.
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account for the antitumor effects of chrysin, and this property 
may be applied to inhibit STAT3 activation in other carci-
nomas as well.

ROS are highly reactive oxygen free radicals and 
trigger multiple cellular responses including ER stress and 
apoptosis (35). Increasing evidence indicates that excessive 
oxidative stress could be used to eliminate tumor cells (36). 
Natural chemicals with the ability to generate ROS, such as 
costunolide, pachymic acid and baicalein, have demonstrated 
potential antitumor effects in bladder cancer cells (37‑39). 
Herein, increased ROS production was also detected in 
the chrysin‑treated T24 cells. Importantly, abrogation of 
ROS generation by NAC completely reversed the chry-
sin‑induced ER stress, inhibition of p‑STAT3 and apoptosis, 
suggesting an essential role of ROS in the antitumor effects 
of chrysin.

In summary, we studied the antitumor effects of chrysin 
and the potential underlying mechanism of this effect. We 
found that chrysin repressed cell viability and induced the 
intrinsic pathway of apoptosis, the activation ER stress and the 
modulation of STAT3 activity. Moreover, the antitumor effects 
of chrysin rely on the generation of ROS. These results are 
encouraging, although still preliminary and further investiga-
tion into how chrysin actions is needed. Our findings indicate 
that chrysin possesses great potential as a promising candidate 
for the treatment of bladder cancer.
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