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Abstract. The aim of the present study was to investigate 
the effect of cucurbitacin B on MKN‑45 gastric carcinoma 
cells. Cell proliferation was determined using a cell counting 
kit‑8 assay, and commercial cell cycle and apoptosis analysis 
kits were used to determine the cell cycle by flow cytometry. 
The mRNA expression of genes which mediate cell cycle 
checkpoints and apoptosis was detected using reverse transcrip-
tion‑quantitative polymerase chain reaction, and a terminal 
deoxynucleotidyl transferase dUTP nick end labeling assay 
was used to determine apoptosis rate. Western blot analysis was 
used to detect the protein expression levels of JAK2/STAT3 
signaling pathway‑associated proteins. The presented data 
show that cucurbitacin B significantly inhibited the prolifera-
tion of MKN‑45 cells in a dose‑ and time‑dependent manner. 
In accordance with these findings, cucurbitacin B blocked the 
progression of the cell cycle from G0/G1 to S phase, which 
was confirmed by the mRNA expression analysis. Cucur-
bitacin B treatment significantly suppressed the expression of 
cyclin D1, cyclin E, cyclin‑dependent kinase 4 (CDK4) and 
CDK2, while increasing the expression of p27. Cucurbitacin B 
also promoted cell apoptosis, as was determined by TUNEL 
assay and evaluation of mRNA expression. Further experi-
ments suggested that the beneficial effect of cucurbitacin B 
on blocking the proliferation and inducing the apoptosis of 
MKN‑45 cells may have been associated with suppression of 
the JAK2/STAT3 signaling pathway. Thus, the present results 
indicate that cucurbitacin  B suppresses proliferation and 
promoted apoptosis of MKN‑45 cells, which may be medi-
ated by inhibition of the JAK2/STAT3 signaling pathway. 
Cucurbitacin B therefore may warrant further investigation as 
a feasible therapy for gastric carcinoma.

Introduction

Gastric cancer is a common malignancy and ranks the first 
among all gastrointestinal cancers in terms of incidence (1). 
Therapies for gastric cancer include surgery, radiotherapy and 
chemotherapy (2,3). Due to absence of the specific symptoms, 
the majority of cases are diagnosed at middle to late disease 
stage. For these patients, systemic chemotherapy is usually 
used to improve life quality and increase overall survival in 
certain patients (4). However, only a limited effect is achieved 
by chemotherapy, with toxic and side effects (5,6). Constant 
efforts are now made to investigate novel therapies against 
late‑stage gastric cancer.

Cell apoptosis is programmed cell death mediated by 
various signal transduction pathways under certain physi-
ological or pathological conditions, in which multiple genes 
are involved. As a major pathway to clear abnormally prolif-
erating cells, cell apoptosis may be intentionally induced to 
treat cancers (7,8). Chemotherapy medications combined with 
traditional Chinese medicine preparations may greatly enhance 
the therapeutic effect and prevent postoperative relapse and 
metastasis (9,10). Traditional Chinese medicine preparations 
are recommended for those at the late stage without surgical 
indications to prolong the survival (10).

Signal transducer and activator of transcription 3 (STAT3) is 
a latent transcriptional factor in the cytoplasm that is regulated 
by Janus kinase (JAK) phosphorylation. STAT3 is persistently 
unregulated in various tumor cell lines, including hemato-
logic cancers (11), epithelial malignancies (12), typical breast 
cancer (13), head and neck cancer (14), ovarian cancer (15), 
prostate cancer (16) and gastric cancer (17). STAT3 upregu-
lates genes associated with the proliferation and survival of 
tumor cells, either directly or indirectly. JAK2/STAT3 is an 
important intracellular signal transduction pathway in gastric 
cancer which regulates the growth, differentiation and apop-
tosis of gastric cancer cells (18). Persistent STAT3 activation 
has been shown to be correlated with proliferation stimulation 
and apoptosis inhibition of gastric cancer cells (18).

Cucurbitacin  B is a tetracyclic triterpenoid isolated 
from plants of Cucurbitaceae family and proved to possess 
anti‑tumor, anti‑chemocarcinogenic and anti‑inflammatory 
effects  (19,20). In  vivo and in  vitro experiments have 
shown that cucurbitacin B inhibits the proliferation of lung 
cancer cells  (21) and pancreatic cancer cells, and induces 
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apoptosis (22). Although cucurbitacin B strongly inhibits the 
growth of numerous tumor cell types, its effect on MKN‑45 
cells is unknown. In the present study, cucurbitacin B was 
used to treat MKN‑45 cells reaching the logarithmic phase 
of growth, and its effect on proliferation and apoptosis of 
MKN‑45 cells was observed. The mechanism was also 
discussed.

Materials and methods

Materials. Cucurbitacin B (6199‑67‑3; 98% purity determined 
by high‑performance liquid chromatography analysis) was 
ordered from Shanghai Winherb Medical Technology Co., 
Ltd. (Shanghai, China). A Cell Counting Kit‑8 (CCK‑8; ER612) 
assay was obtained from Dojindo Molecular Technologies, Inc. 
(Kumamoto, Japan). Dimethyl sulfoxide (DMSO) was ordered 
from Sigma‑Aldrich (D2650; Merck KGaA, Darmstadt, 
Germany). RPMI 1640 medium, trypsin‑EDTA (1316929) and 
fetal bovine serum (FBS) were obtained from Gibco (10099; 
Thermo Fisher Scientific, Inc., Grand Island, NY, USA). A 
Cell Cycle and Apoptosis Analysis Kit (C1052) was purchased 
from Beyotime Institute of Biotechnology (Haimen, China). 
TRIzol® (15596‑026) was purchased from (Invitrogen; 
Thermo Fisher Scientific, Inc., Carlsbad, CA, USA). The anti-
bodies used to recognize the total and phosphorylated forms 
of p‑STAT3 (4113), STAT3 (12640S), p‑JAK2 (8082S), JAK2 
(3230) and GAPDH (2118) were ordered from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). For the in vitro study, 
cucurbitacin B was dissolved in DMSO.

Cell culture. Gastric cancer MKN‑45 cells (CBP60488) were 
ordered from CoBioer Biosciences Co., Ltd. (Nanjing, China) 
and cultured in RPMI 1640 medium containing 10% FBS. 
After 24‑48 h incubation at 37˚C with 5% CO2, logarithmic 
growth phase cells were digested using 0.25% trypsin. After 
calculating the cell number, the cells were seeded into plates 
at a density of 1x105 cells per well. The cells used in this study 
were collected between passages 4 and 10.

Measurement of cell proliferation. Cell proliferation was 
determined using a CCK‑8 assay according to the manufac-
turer's instructions. After the MKN‑45 cells were grown to 
80% confluency in 96‑well plates, they were subsequently 
incubated with 0.1, 1 or 10 µM cucurbitacin B for 12, 24 and 
48 h. After the treatment, 10 µl CCK‑8 solutions were added 
to each well, then the plate was incubated in a 37˚C incubator 
for 2.5 h. Cell proliferation was determined by measuring the 
optical density at 450 nm using a plate reader (BioTek Instru-
ments, Inc., Winooski, VT, USA).

Cell cycle progression assays. Cell cycle progression was 
determined using a cell cycle and apoptosis analysis kit 
in accordance with the manufacturer's instructions and 
fluorescence‑activated cell sorting using BD  FACSVerse 
(BD Bioscience, San Jose, CA, USA). Upon reaching 70‑80% 
confluency in the six‑well plates, the MKN‑45 cells were incu-
bated with cucurbitacin B (10 µM) for 24 h prior to analysis.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA was isolated from MKN‑45 

cells using TRIzol reagent, and its yield and purity were 
spectrophotometrically estimated by the A260/A280 ratio, 
which was determined using a NanoDrop 2000c (Thermo 
Fisher Scientific, Inc.). RNA (2 µg of each sample) was reverse 
transcribed into cDNA using oligo (dT) primers and the 
Transcriptor First Strand cDNA Synthesis kit (04896866001; 
Roche Diagnostics, Basel, Switzerland) according to the 
manufacturer's instructions. SYBR Green PCR Master Mix 
(04707516001; Roche Diagnostics) was then used to quantify 
PCR amplifications using a Light Cycler 480 instrument with 
designated software (version 1.5; Roche Diagnostics). Condi-
tions for PCR were as follows: Initial denaturation at 94˚C for 
2 min, followed by 25‑35 amplification cycles consisting of 
denaturation at 94˚C for 40 sec, annealing at 58˚C for 45 sec 
and elongation at 72˚C for 1 min. The 2‑ΔΔCq method was used 
to calculate the relative mRNA levels of each target gene (23). 
The target gene mRNA expression was normalized against 
the internal control GAPDH and expressed relative to the 
control group. The primer sequences used were as follows: 
Cyclin‑dependent kinase 4 (CDK4), forward 5'‑AAT​GTT​GTC​
CGG​CTG​ATGGA‑3' and reverse 5'‑ACT​GGC​GCA​TCA​GAT​
CCTTG‑3'; CDK2, forward 5'‑AAA​TCC​TCC​TGG​GCT​GCA​
AAT‑3' and reverse 5'‑GCG​AGT​CAC​CAT​CTC​AGCAA‑3'; 
cyclin  D1, forward 5'‑GAT​GCC​AAC​CTC​CTC​AACGA‑3' 
and reverse 5'‑ACT​TCT​GTT​CCT​CGC​AGACC‑3'; cyclin E, 
forward 5'‑AGA​GGA​AGG​CAA​ACG​TGACC‑3' and reverse 
5'‑GAG​CCT​CTG​GAT​GGT​GCAAT‑3'; P27, forward 5'‑TCC​
GGC​TAA​CTC​TGA​GGACA‑3' and reverse 5'‑AAG​AAT​CGT​
CGG​TTG​CAGGT‑3'; B‑cell lymphoma 2 (Bcl‑2), forward 
5'‑GTC​ATG​TGT​GTG​GAG​AGCGT‑3' and reverse 5'‑GAA​
ATC​AAA​CAG​AGG​CCGCA‑3'; Bcl‑2‑associated protein X 
(Bax), forward 5'‑TCC​ACC​AAG​AAG​CTG​AGC​GAG‑3' 
and reverse 5'‑GTC​CAG​CCC​ATG​ATG​GTTCT‑3'. GAPDH, 
forward 5'‑GTC​AAG​GCT​GAG​AAC​GGGAA‑3' and reverse 
5'‑TGG​ACT​CCA​CGA​CGT​ACTCA‑3'.

Western blot analysis. Cells were lysed in RIPA Lysis Buffer 
(G2002; Wuhan Google Biological Technology Co., Ltd., 
Wuhan, China) containing 50 mM Tris‑Hcl, 150 mM NaCl, 
1% Triton X‑100, 1% sodium deoxycholate and 0.1% SDS, 
which were then scraped into 1.5‑ml centrifuge tubes. The cell 
suspension centrifuged at 4˚C for 30 min at 3,362 x g, and the 
protein concentration was determined using a bicinchoninic 
acid protein assay kit (23227; Thermo Fisher Scientific, Inc.). A 
total of 20 µg protein extract was used for SDS‑PAGE, blotted 
onto immobilon‑FL transfer membranes (EMD Millipore, 
Billerica, MA, USA), blocked with 5% non‑fat milk for 2 , then 
probed with the relevant antibodies (dilution, 1:1,000) overnight 
with gentle shaking at 4˚C. The goat anti‑rabbit IRdye 800 CW 
(cat. no. 926‑32211) IgG and goat anti‑mouse IRdye 800 CW 
(cat. no. 926‑32210) secondary antibodies (both purchased 
from LI‑COR, Lincoln, NE, USA) were used at 1:10,000 dilu-
tion and incuvated at 37˚C in Odyssey blocking for 1 h. The 
protein expression was quantified using the Odyssey infrared 
imaging system (Li‑COR Biosciences, Lincoln, NE, USA) and 
protein expression levels were normalized against the GAPDH 
internal control in the total cell lysate.

Terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assay. TUNEL was performed using the 
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in situ Cell Death Detection kit (11684795910; Roche Diagnos-
tics), according to the manufacturer's instructions. The cells 
were grown on cover slips in a 24‑well plate, which were fixed 
in 4% paraformaldehyde (30525‑89‑4; Amresco, LLC, Cleve-
land, OH, USA) and permeabilized using 0.1% Triton X‑100 
(9002‑93‑1; Amresco, LLC) after treatment. The cells were 
incubated in 13 µl (per cover slip) TUNEL reaction mixture 
(Roche Diagnostics) at 37˚C for 1 h. The nuclei were labeled 
with 13  µl (per cover slip) 4',6‑diamidino‑2‑phenylindole 
(DAPI; S36939; Invitrogen; Thermo Fisher Scientific, Inc.) 
for 30 sec, and DNA fragmentation was quantified using an 
IX51 microscope (Olympus Corporation, Tokyo, Japan) at 
x200. The percentages of TUNEL‑positive cells relative to 
the DAPI‑positive cells were counted by an investigator in a 
blinded‑manner. Image analysis was performed using Image 
Pro‑Plus software, version 6.0 (Media Cybernetics, Inc., Silver 
Spring, MD, USA).

Statistical analysis. All data are expressed as the mean ± stan-
dard deviation. Differences between the groups were 
determined via one‑way analysis of variance followed by a 
Student‑Newman‑Keuls test. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Cucurbitacin B inhibits proliferation of MKN‑45 cells. To 
determine the effect of cucurbitacin  B on MKN‑45 cell 
proliferation, the effect of various doses of cucurbitacin B 
(0.1‑10 µM) over 12, 24 and 48 h was investigated using a 
CCK‑8 assay. Compared with the control, the proliferation 
of MKN‑45 cells was significantly inhibited in a concentra-
tion‑dependent manner, and the greatest level of proliferation 
suppression was induced by cucurbitacin B at a concentration 
of 10 µM (Fig. 1). Results also showed that cucurbitacin B 
demonstrated a time‑dependent inhibition of cell prolifera-
tion (Fig. 1).

Cucurbitacin B inhibits cell cycle progression from G0/G1 to 
S phase. The effect of cucurbitacin B on cell cycle progres-
sion was analyzed using flow cytometric analysis. The control 
group showed an increased percentage of cells in S phase and 
decreased G0/G1 populations, while the cucurbitacin B‑treated 
cells showed a suppression of cell cycle progression. Cucurbit-
acin B at a dose of 10 µM reduced the percentage of cells in S 
phase and increased the G0/G1 populations compared with the 
control group (Fig. 2), suggesting that cucurbitacin B affected 
the G0/G1 to S phase transition rather than being involved in 
the S or G2/M phases.

Cucurbitacin B upregulates p27 and downregulates CDK4, 
CDK2, cyclin  D1 and cyclin  E mRNA expression. To 
further characterize the potential mechanism underlying 
cucurbitacin B‑induced cell cycle arrest, the effects of cucur-
bitacin B on cell cycle‑associated genes, including cyclins, 
CDKs and cell cycle inhibitory expression, were analyzed 
using RT‑qPCR. The results demonstrated that the mRNA 
expression levels of CDK4, CDK2, cyclin D1 and Cyclin E 
were significantly decreased in the 10 µM cucurbitacin B 
group compared with the control group (P<0.01; Fig. 3).

CDK activity is additionally regulated by small proteins 
such as p27, which inactivates the cyclin‑CDK complexes in 
the G1 phase, leading to cell cycle arrest. The present results 
demonstrated that the mRNA expression level of p27 in 
control group was low, whereas it was significantly increased 
by co‑treatment with cucurbitacin B (P<0.01; Fig. 3).

Cucurbitacin  B induces apoptosis of MKN‑45 cells. To 
investigate the effect of cucurbitacin B on MKN‑45 cells 
apoptosis, a TUNEL assay was used to stain the apoptotic 
nuclei. Compared with the control group, a noticeable increase 
of cell apoptosis was observed in MKN‑45 cells, which was 
significantly promoted by co‑treatment with 0.1, 1 and 10 µM 
cucurbitacin B for 24 h in a concentration‑dependent manner. 
The highest level of apoptosis promotion was induced by 
cucurbitacin B at a concentration of 10 µM (P<0.01; Fig. 4).

Cucurbitacin B regulates JAK2/STAT3 signaling pathway. 
To investigate the molecular mechanisms underlying 
the anti‑proliferation and proapoptotic effects of cucurbitacin B, 
JAK2/STAT3 signaling pathway expression was evaluated. 
The activation of JAK2/STAT3 was assessed using western 
blot analysis. The results indicate that the phosphorylation of 
JAK2/STAT3 was significantly reduced by 0.1, 1 and 10 µM 
cucurbitacin B, in a concentration‑dependent manner (Fig. 5).

Cucurbitacin B promotes the mRNA expression levels of Bax 
and reduced those of Bcl‑2. To investigate the molecular mech-
anisms underlying the proapoptotic effects of cucurbitacin B, 
the apoptotic pathway was examined. The mRNA expression 
of the antiapoptotic protein Bcl‑2 was decreased, while the 
expression of the proapoptotic protein Bax was increased 
(P<0.01). These results were consistent with the finding that 
cucurbitacin B induced MKN‑45 cell apoptosis (Fig. 6).

Discussion

The results of the present study demonstrated that cucur-
bitacin  B decreased MKN‑45 cell proliferation in a 

Figure 1. Effect of cucurbitacin B on proliferation of MKN‑45 cells. MKN‑45 
cells were incubated with cucurbitacin B (0.1, 1 or 10 µM) for 12, 24 or 48 h, 
and cell proliferation was examined by CCK‑8 assay. Data are expressed 
as the mean ± standard deviation. *P<0.05, #P<0.01 vs. control group (n=5). 
OD, optical density; Ctrl, control.
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concentration‑dependent manner. It was also found that 
cucurbitacin  B suppressed the MKN‑45 cell cycle at the 
G0/G1 to S phase by inhibiting the mRNA expression of 
CDK4, CDK2, cyclin D1 and cyclin E, and increasing that 
of p27. Furthermore, the apoptosis rate of the MKN‑45 cells 
was increased by cucurbitacin B in a concentration‑dependent 
manner, which was verified by TUNEL staining. This result 
was further suggested by the inhibition of Bcl‑2 and increase 
of Bax mRNA expression levels. These beneficial effects of 
cucurbitacin B on the MKN‑45 cells were associated with the 
inhibition of the JAK2/STAT3 signaling pathway. Thus, the 
present study revealed the anticancer effects of cucurbitacin B 
on gastric cancer cells, which may lead to a novel strategy for 
gastric carcinoma treatment.

Cell proliferation is an important process for cell survival, 
which is also an important biological characteristic of tumor 
formation (13). Therefore, the inhibition of tumor proliferation 
is a crucial aim of tumor treatment. The present study found 
that cucurbitacin B was able to reduce viable cells in vitro in 

Figure 3. Effect of cucurbitacin B on the expression of multiple cell cycle 
regulatory genes in MKN‑45 cells. MKN‑45 cells were treated without 
or with cucurbitacin B (10 µM) for 24 h and mRNA levels of the multiple 
cell cycle regulatory genes were analyzed. Experiments were performed in 
triplicate and repeated at least three times. *P<0.01 vs. control group (n=3). 
CDK, cyclin‑dependent kinase; Ctrl, control.

Figure 2. Effect of cucurbitacin B on cell cycle progression. MKN‑45 cells were grown without or with cucurbitacin B (1 or 10 µM) for 24 h. PI fluorescence 
in MKN‑45 cells was analyzed by flow cytometry, quantification of MKN‑45 cells in the G0/G1, S and G2/M phases was also determined by flow cytometric 
analysis (n=3). PI, propidium iodide; Ctrl, control.
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a dose‑dependent manner, and that the underlying mechanism 
involved cell cycle arrest. Following cucurbitacin B treatment, 
the percentage of cells in the G0/G1 phase was markedly 
increased.

Cell cycle checkpoints are control mechanisms which 
ensure proper DNA replication and chromosome division (24). 
Specifically, they are negative feedback mechanisms, which are 
activated in case of abnormal cell cycle events, such as DNA 
damage or obstructed DNA replication, to induce cell cycle 
arrest (25). The molecules driving the cell cycle are CDK/cyclin 
complexes, which contribute to the binding of cyclins to 
CDKs and show the activity of protein kinase (24,25). In these 
complexes, cyclins function as the regulatory subunit, and 
CDKs as the catalytic subunit. The activity of CDKs may be 
inhibited by CDK inhibitors (CKIs) (24,25). CDK4 and CDK2 
are known to form complexes with cyclin D1 and cyclin E, 
which are essential for the regulation of cell cycle progression 
from the G0/G1 to S phase (26,27). Another regulator control-
ling cell cycle progression is the CKI of p27, which forms 

heterotrimeric complexes with CDKs/cyclins to inhibit their 
activity, such as cyclin D1‑CDK4 and cyclin E‑CDK2 (28). In 
the present study, the expression of cell cycle regulatory genes 
in response to cucurbitacin B in MKN‑45 cells was investi-
gated. Cucurbitacin B reduced the mRNA expression levels 
of cyclin D1, cyclin E, CDK4 and CDK2. Consistent with 
these changes, the mRNA expression of p27 was increased. 
These observations suggest that the antiproliferative activity 
of cucurbitacin B has a multifaceted effect on numerous target 
molecules critically involved in growth inhibition.

Tumor cells possess unlimited replication potential; and the 
occurrence of tumors is associated with the abnormal prolif-
eration and differentiation of cells in addition to abnormal 
apoptosis (8). Loss of tumor cells via apoptosis is considered to 
be a contributing factor in tumor therapy and cancer molecular 
biology (8). There are two major apoptotic pathways, initiated 
by caspase‑9 and caspase‑8 respectively, which can activate 
caspase cascades (29). Apoptosis triggered by activation of 
the mitochondria‑dependent caspase pathway represents 

Figure 4. Effect of cucurbitacin B on apoptosis of MKN‑45 cells. MKN‑45 cells were treated with cucurbitacin B (0.1, 1 or 10 µM) for 24 h, and cell apoptosis 
was examined by TUNEL assay. (A) Representative images and (B) quantitative results in MKN‑45 cells. Data are expressed as the mean ± standard deviation. 
*P<0.01 vs. control group (n=6). TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; Ctrl, control.
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the primary programmed cell death mechanism (29). This 
is activated by various intracellular stresses that induce 
permeabilization of the mitochondrial membrane (30). The 
Bcl‑2 family consists of apoptosis regulators which serve a 
crucial function in the mitochondrial pathway of apoptosis. 
Various precipitating factors alter the intracellular expression 
of Bcl‑2 family or protein structure (30). Through regulating 
permeability of the mitochondrial membrane, particularly the 
outer mitochondrial membrane, members of the Bcl‑2 family 
induce the release of mitochondrial intermembrane space 
proteins (31). In the present study, cucurbitacin B downregu-
lated the mRNA expression levels of Bcl‑2 and upregulated 
the expression of Bax in the MKN‑45 cells, which may 
regulate the proapoptotic effect of cucurbitacin B, suggesting 
that cucurbitacin B induced the apoptosis via the endogenous 

apoptosis pathway. These findings indicated that through its 
proapoptotic property, cucurbitacin B may be beneficial in 
gastric cancer treatment.

JAK/STAT pathway plays a crucial role in numerous 
signal transductions in  vivo. The JAKs activation has an 
important role in cell differentiation, proliferation, apoptosis 
and migration (18). Structure activation of JAKs contributes 
to phosphorylation of the STAT family. STAT3 is a member 
of STAT family, which has been intensively studied in recent 
years (13‑17). As confirmed by cell culture and animal models, 
the STAT3 signaling pathway provides an effective molecular 
target in the treatment of various human cancers  (13‑17). 
STAT3 signal is present in the epithelial cells of normal 
gastric mucosa and human gastric cancer cells (17). STAT3 
activation mediates normal physiological processes of gastric 
mucosa (32). Overactivation of STAT3 is found in various 
types of gastric cancer cells (33). Pathological detection of 
gastric cancer indicated that STAT3 protein expression was 
obviously higher than that in normal gastric mucosa, the 
former being 2.14 times of that of the latter on average (34,35). 
STAT3 protein expression in mildly differentiated gastric 
cancer was generally higher than that in highly differentiated 
gastric cancer (34,35).

It has been shown that cucurbitacin B has potent antitumor 
activity against human pancreatic cancer cells by inhibiting 
JAK/STAT signaling pathway  (36), and may also inhibit 
growth and induce apoptosis through JAK2/STAT3 signaling 
in SH‑SY5Y human neuroblastoma cells  (37). Therefore, 
we further aimed to determine whether the JAK2/STAT3 
signaling pathway could be affected by cucurbitacin B. It was 
found that cucurbitacin B directly inhibited the phosphoryla-
tion of JAK2 and the downstream STAT3.

In conclusion, the present study demonstrated for the first 
time that cucurbitacin B inhibits the proliferation and promotes 
apoptosis of MKN‑45 cells in vitro. These beneficial effects of 
cucurbitacin B on the MKN‑45 cells were associated with the 
inhibition of the JAK2/STAT3 signaling pathway. The results 

Figure 6. Effect of cucurbitacin B on the expression of multiple cell apoptosis 
genes in MKN‑45 cells. MKN‑45 cells were treated with cucurbitacin B 
(10 µM) for 24 h and mRNA levels of the multiple cell apoptosis regula-
tory genes were analyzed. Experiments were performed in triplicate and 
repeated for at least three times. *P<0.01 vs. control group (n=3). Ctrl, control; 
Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated protein X.

Figure 5. Effect of cucurbitacin B on activation of JAK2/STAT3 signaling pathway. MKN‑45 cells were treated with 0.1, 1 or 10 µM cucurbitacin B for 24 h. 
Phosphorylation of JAK2 and STAT3 was analyzed by western blot analysis. (A) Representative western blot analysis and (B) quantitative results. Experiments 
were repeated at least three times. Data are expressed as the mean ± standard deviation. *P<0.05,  #P<0.01 vs. control group. p‑, phosphorylated; STAT3, signal 
transducer and activator of transcription 3; JAK2, Janus kinase 2; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; Ctrl, control.

  A   B
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of this study suggest that the use of cucurbitacin B to treat 
gastric carcinoma diseases warrants further investigation.
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