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Introduction

Gastric cancer (GC) is a type of highly malignant lesion of 
the digestive tract that usually occurs in middle-aged and 
elderly individuals. The latest statistics show that GC ranks 
fourth out of all malignant tumors in incidence and third 
in mortality rates (1). Over the past 50 years, clinicians 
have been using traditional treatments, such as surgery, 
radiation therapy, chemotherapy, and combination therapy, 
as the main treatments for cancer, but with little success. 

Therefore, the improvement of GC prognosis and the 
development of new anticancer drugs is imperative.

The JAK2/STAT3 signaling pathway participates in 
physiological and pathological reactions, cell proliferation, 
differentiation, apoptosis, and other processes (2,3). An 
abnormally sustained activation of STAT3 was identified 
(4-6) in breast, lung, head and neck cancer, among others. 
Previous studies have shown that the JAK2/STAT3 
pathway affects cancer development by influencing 
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tumor cell survival, proliferation, apoptosis, invasion and 
migration (7,8). The abnormal activation of the JAK2/
STAT3 signaling pathway, particularly the abnormal 
phosphorylation of the STAT3 protein and mutation of the 
STAT3 gene, plays a key role in tumor formation. Several 
study results have shown that JAK2/STAT3 pathway 
inhibitors, such as AG490, could be powerful at killing 
cancer and improving patient survival (9-11). Therefore, 
the inhibition of STAT3 phosphorylation through direct 
and indirect mechanisms could be an important approach to 
cancer treatment.

Rhizoma Paridis is a common Chinese herbal medicine 
that mainly grows in China. Polyphyllin I is one of the 
most important active components extracted from Rhizoma 
Paridis. Previous studies have shown that polyphyllin I 
exerts a good inhibitory effect on multiple types of tumor 
cells, such as liver, breast and lung cancer, and osteosarcoma 
cells. The underlying mechanism of this effect may be 
associated with the cytotoxicity of polyphyllin I and its 
role in accelerating apoptosis, affecting the tumor cell 
cycle, inhibiting the generation of the tumor vasculature 
and regulating immune function (12-16). However, 
the antitumor mechanism of polyphyllin I in GC is not 
particularly clear. In the present study, it was found that 
polyphyllin I had an inhibitory effect on the activity of 
STAT3 phosphorylation in GC cells. The primary purpose 
of the present study was to investigate the antitumor 
mechanism of polyphyllin I on GC.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-66).

Methods

Cell culture and compound dilution. AGS and SGC7901 GC 
cell lines and GES-1 (Human Gastric mucosal Epithelial 
Cells) were acquired from American Type Culture 
Collection and cultured in a 37 ℃ thermostatic incubator 
(95% air, 5% CO2) with Gibco RPMI-1640 medium with 
10% FBS. Polyphyllin I is the main active ingredient 
of Rhizoma Paridis. The polyphyllin I powder used was 
purchased from BioChemPartner (Shanghai, China) and 
diluted with DMSO. The primary working concentration 
was 0.5 μM. 

Treatment of GC cells with polyphyllin I, IL-6 and AG490 

AGS GC cells were cultured in a 37 ℃ thermostatic 

incubator (95% air, 5% CO2) with conditional medium 
for >48 h. The IC50 of the drug was calculated by 
measuring cell activity at different drug concentrations. 
The conditional medium consisted of Gibco RPMI-1640 
medium, 10% FBS, 1% of the double resistance and the 
appropriate concentration of the drug including polyphyllin 
I (1 and 2 μM), IL-6 (100 μg/L) or AG490 (30 μM). The 
concentration of the drug used in the following experiments 
was selected based on the IC50 value.

Dual-luciferase reporter assay

The promoter fragment of the Bcl-2 gene was constructed 
into PGL3 plasmid and named PGL3-Bcl2-Luc. Renilla 
(phRL-TK) plasmid was purchased from Promega 
Corporation (Madison, WI, USA). PGL3-Bcl2-Luc (15 μg) 
and Renilla plasmid (1 μg) were co-transfected into GES-
1 cells with 30 uL Lipo2000 transfection reagents. The 
medium was refreshed after 6 h and cells were cultured for 
12 h. On day 2, GES-1 cells were trypsinized and seeded 
into 24-well culture plates at a density of 50,000 cells/well in 
growth medium supplemented with 10% serum. Following 
culture for 36 h, cells were lysed and the luciferase activity 
was measured using Dual-Luciferase® Reporter Assay 
System (Promega, Corporation). All experiments were 
conducted three times.

Western blot analysis

Treated AGS GC cells were collected and lysed with 
RIPA lysis buffer (Epizyme; MA, USA; PC101) containing 
protease inhibitors. The protein concentration was 
measured by Bicinchoninic Acid Protein Assay Kit 
(Epizyme; ZJ101). Equal amounts of protein were 
separated on sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (Epizyme; PG110) and then transferred 
to polyvinylidene difluoride membranes (EMD Millipore, 
Billerica, USA). The membranes were blocked with 1x 
blocking buffer (Epizyme; PS108) for 30 mins, followed 
by incubation with primary antibodies at 4 ℃ for 12 h. 
The following primary antibodies were used: p-JAK1 (Cell 
Signaling Technology, Inc., Danvers, MA, USA; 3331), 
JAK1 (Cell Signaling Technology Inc.; 3344), p-STAT1 
(Cell Signaling Technology, Inc.; 8826), STAT1 (Cell 
Signaling Technology, Inc.; 9175), p-JAK2 (Cell Signaling 
Technology, Inc., Danvers, MA, USA; 3771), JAK2 (Cell 
Signaling Technology Inc.; 3230), p-STAT3 (Cell Signaling 
Technology, Inc.; 9145), STAT3 (Cell Signaling Technology, 
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Inc.; 9139), Bax (ProteinTech Group, Inc., Chicago, IL, 
USA; 50599), Bcl-2 (ProteinTech Group, Inc.; 12789), Bad 
(ProteinTech Group, Inc.; 10435), Bcl-XL (ProteinTech 
Group, Inc.; 10783), FasL( ProteinTech Group, Inc.; 
13098), TNFa( ProteinTech Group, Inc.; 17590), GAPDH 
(ProteinTech Group, Inc.; 10494). Following incubation 
with secondary-HRP-antibodies (ProteinTech, Group, 
Inc.; SA00001) for 2 h at room temperature, the signal 
on the membranes was visualized using an enhanced 
chemiluminescence kit (Epizyme; SQ201). Images of the 
protein bands were captured using Tanon 5200 Biotanon 
and the results were analyzed using image J software.

Cell proliferation assay

Two kinds of human GC cell lines (AGS and SGC7901) 
were used for the cell proliferation assay. A total of 5,000 
cells/well were seeded into 96-well plates and treated with 
different concentrations of polyphyllin I (1 and 2 µM) for 
48 h. The cell proliferation ability was examined using a 
Cell Counting Kit-8 (Dojindo Molecular Technologies, 
Inc., Kumamoto, Japan), following the manufacturer’s 
instructions. 

Clonogenic assay 

Two types of human GC cell lines (AGS and SGC7901) 
were used for the clonogenic assay. A total of 500 cells/well 
were seeded into 6-well plates and treated with different 
concentrations of polyphyllin I (1 and 2 µM) for 48 h. Every 
other day, the medium was refreshed with the corresponding 
concentration of the drug. Cells were continuously cultured 
for 15 days, until single cell had grown into a colony. Next, 
the medium was removed and cells were fixed with 4% PFA 
for 20 min. Following natural air drying and staining with 
0.5% crystal violet solution for 1 h, images were captured.

Apoptosis assay

Two types of human GC cells (AGS and SGC7901) 
were seeded into 6-well plates. Following treatment with 
different concentrations of polyphyllin I (1 and 2 µM) for 
48 h, cells were digested with trypsin and washed three 
times with cold PBS. Unfixed cells were stained with 
Annexin V/PI kit (BD Biosciences, Tokyo, Japan), following 
the manufacturer’s instructions. Subsequently, cells were 
subjected to flow cytometric analysis with FACSCalibur (BD 
Biosciences). 

Cell cycle assay

Two types of human GC cells (AGS and SGC7901) 
were seeded into 6-well plates. Following treatment with 
different concentrations of polyphyllin I (1 and 2 µM) for 
48 h, cells were digested with trypsin and washed three 
times with cold PBS. Cells were fixed with 70% ethanol at 
4 ℃ for 12 h and washed with PBS 3 times. Next, cells were 
digested by RNase A at 37 ℃ for 30 min and stained with 
PI following the manufacturer’s instructions. Subsequently, 
cells were subjected to flow cytometric analysis by 
FACSCalibur (BD Biosciences).

TUNEL assay

Two types of human GC cells (AGS and SGC7901) 
were seeded into 6-well plates. Following treatment with 
different concentrations of polyphyllin I (1 and 2 µM) for  
48 h, cells were fixed with 4%PFA for 30 min, and 
washed with PBS for 3 times. Add PBS containing 0.3% 
Triton X-100 and incubated at room temperature for  
5 min, and wash with PBS for 3 times. Prepare appropriate 
amount of TUNEL detection solution and incubate at 37 ℃  
in dark for 60 min, wash with PBS for 3 times. Finally, the 
section was stained with DAPI and sealed for microscopic 
observation.

Immunohistochemistry

Formalin-fixed paraffin-embedded sections (10 µM) were 
prepared. They were deparaffinized in xylene, rehydrated 
and incubated in 30% H2O2. The sections were then 
incubated with primary ki-67 antibody (ProteinTech Group, 
Inc.; 27309) for 12 h at 4 ℃. Proteins were detected using 
light microscopy.

Tumor-bearing nude mice

AGS cells (5×106, pre-mixed with Matrigel prior to 
injection) were injected into the back of the right side 
of 6-week old male BALB/cA nude mice. When the 
subcutaneous tumor block reached a certain volume  
(≥100 mm3), the nude mice were randomly divided into 
two groups (n=4/group), the control (PBS; twice a week) 
and polyphyllin I dosing (0.2 mg/kg; twice a week) groups. 
The intraperitoneal injection was administered every  
4 days for 4 weeks, to measure the change in solid tumor 
volume and weight following treatment. Tumor volumes 
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were calculated according to the recognized formula: V= 
(length × width2)/2. The length and width of tumors in 
live mice were measured using a Vernier caliper. Finally, 
mice were sacrificed, tumors samples were excised and the 
tissue weight was measured. Experiments were performed 
under a project license (NO.: 2018-SRFA-088) granted by 
Institutional Ethics Board of The First Affiliated Hospital 
of Nanjing Medical University, in compliance with Nanjing 
Medical University institutional guidelines for the care and 
use of animals.

Statistical analysis

All data are presented as the mean ± SD of three 
independent experiments. GraphPad Prism 6 software was 
used for statistical analysis. Significant differences between 
two groups were determined using student’s t-test, and 
among multiple groups using one- or two-way ANOVA. 
The level of significance was set at P<0.05, P<0.01 and 
P<0.001, where P<0.05 was considered to indicate a 
statistically significant difference.

Results

Polyphyllin I can inhibit the activity of GC cells

Polyphyllin I is one of the most important active 
components extracted from Rhizoma Paridis and has an 
anticancer effect (Figure 1A). In order to examine the 
inhibitory effect of polyphyllin I on GC cell growth, a 
reporter gene test system was constructed. The system 
used the plasmid pGL3-Bcl2-Luc (containing transcription 
activator and luciferase) and internal plasmid Renilla 
(phRL-TK) to co-transfect GES-1 cells. Known JAK2/
STAT3 signaling pathway agonist IL-6 and inhibitor 
AG490, which can regulate the expression level of Bcl-2, 
were used to test the stability and reliability of this system 
(Figure 1B). The results showed that the system was feasible.

In order to determine the optimal concentration 
of polyphyllin I, 10 μM were selected as a preliminary 
screening concentration. Further reduced concentrations, 
however, (5, 2, 1 and 0.5 μM) still had an inhibitory 
effect (Figure 1B). To promote polyphyllin I in clinical 
research and application, we studied the mechanism of its 
inhibitory activity on GC cells. The appropriate treatment 
concentrations of polyphyllin I used in the following 
experiments were designed according to the IC50 value 
(Figure 1). The IC50 of polyphyllin I in AGS and SGC7901 

cells was 2.080 and 1.905 μM, respectively. In order to 
maintain a good cellular status, concentrations of 1 and 2 
μM were used.

Polyphyllin I can inhibit the IL-6-induced p-STAT3 
upregulation

The JAK2/STAT3 signaling pathway mainly consists 
of three components, cytokine receptors, JAK2, and 
STAT3. Activated JAK2 induces the phosphorylation 
of STAT3. p-STAT3 combines with the corresponding 
target gene promoter and activates the corresponding gene 
transcription and expression. It was shown that polyphyllin 
I inhibit the phosphorylation of STAT3 in GC AGS cells 
in a concentration-dependent manner. The expression of 
p-JAK2 was not affected in the AGS GC cells treated with 
1 μM polyphyllin I. However, as the drug concentration 
increased (5 μM), the p-JAK2 expression began to decrease 
(Figure 2A). IL-6, a key proinflammatory cytokine, is 
involved in a spectrum of diseases, including cancer. The 
released IL-6 preferentially activates STAT3 through the 
phosphorylation of Tyr705 via the JAK signaling pathway. 
IL-6 treatment can increase the phosphorylation of JAK2 
and STAT3. In the present study, the IC50 of IL-6 on AGS 
was calculated to be 107.8 ng/mL, and 100 ng/mL was 
selected as the optimal concentration (Figure 1D). Western 
blot analysis results proved that the lower concentration of 
polyphyllin I (1 μM) can offset the IL-6-induced increased 
p-STAT3 expression (100 ng/mL). A series of different 
concentrations of IL-6 was involved in the screening 
system, proving that polyphyllin I can block the effect of 
IL-6 on Bcl-2 (Figure 1B). However, the IL-6 (100 ng/mL)-
induced high expression level of p-JAK2 was not affected 
by polyphyllin I (1 μM) (Figure 2B). These results indicated 
that polyphyllin I mainly affected the phosphorylation of 
STAT3 and did not influence the phosphorylation of JAK2 
at low concentrations, such as 1 μM. 

Polyphyllin I may work as a STAT3 inhibitor 

It is known that the main function of AG490 is to inhibit 
JAK2 phosphorylation. AGS GC cells were treated with 
AG490 and polyphyllin I to determine if they interact 
with each other. The concentration of AG490 used in the 
following studies was 30 μM, which was designed based on 
the IC50 value (Figure 1D). The expression level of p-JAK2 
and p-STAT3 was detected by western blot analysis. The 
results showed that polyphyllin I (1 μM) did not affect 
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the p-JAK2 expression, the target of AG490 in GC cells  
(Figure 2C). The results indicated that the way polyphyllin 
I worked was indeed different from that of AG490. We 
therefore inferred that polyphyllin I might act on STAT3 
and work as a STAT3 inhibitor. Since polyphyllin I is worked 
as an inhibitor of STAT3, does it also inhibit JAK1/STAT1 
pathway? We then examined the expression of JAK1, p-JAK1, 
STAT1 and p-STAT1 in cells treated with the polyphyllin 
I. The results showed that polyphyllin I can also inhibit the 
phosphorylation of JAK1 and STAT1 (Figure 2D).

Polyphyllin I inhibit the proliferation and promotes the 
apoptosis of GC cells in vitro

In tumors, products of the JAK2/STAT3 signaling pathway 
target genes are mainly associated with the proliferation and 

survival of cancer cells. Therefore, two different human GC 
cell lines (AGS and SGC7901) were selected to detect the 
inhibitory activity of polyphyllin I on GC cell proliferation 
and clone formation assay. The experimental results showed 
that polyphyllin I exerted a significant inhibitory effect on 
the proliferation (Figure 1C) and clone formation assay of 
both tested GC cell lines (Figure 3A). Cell cycle analysis 
demonstrated that the G2/M fraction increased and the S 
fraction decreased in AGS cells, following treatment with 1 
and 2 μM polyphyllin I (Figure 3B). However, no significant 
change in the G0-G1 phase was observed between the 
drug and control groups. Cell cycle disturbance may lead 
to necrosis and apoptosis, which can be detected by flow 
cytometry.

Subsequently, the effect of polyphyllin I on the 
promotion of apoptosis was detected in AGS and SGC7901 

Figure 1 Polyphyllin I can inhibit the activity of GC cells. (A) Molecular structure of polyphyllin I; (B) stability and reliability of the 
screening system by dual-luciferase reporter assay; (C) design of best polyphyllin I concentration for the experiments (n>3); (D) design of 
best IL-6 and AG490 concentration for the experiments (n>3). Error bars represent the mean ± SD of three independent experiments. *, 
P<0.05; **, P<0.01; ***, P<0.001 vs. control group (n>3). Significant differences between the control and drug groups were determined using 
two-way ANOVA with a P<0.001. IL-6 is interleukin-6, AG490 is a tyrosine kinase inhibitor that inhibits Stat-3 and JAK2/3.

R
el

at
iv

e 
lu

ci
fe

ra
se

 
ac

tiv
ity

C
el

l v
ia

bi
lit

y 
(%

)
C

el
l v

ia
bi

lit
y 

(%
)

C
el

l v
ia

bi
lit

y 
(%

)
C

el
l v

ia
bi

lit
y 

(%
)

C
el

l v
ia

bi
lit

y
C

el
l v

ia
bi

lit
y

R
el

at
iv

e 
lu

ci
fe

ra
se

 
ac

tiv
ity

R
el

at
iv

e 
lu

ci
fe

ra
se

 
ac

tiv
ity

NC
NC NC

IL-
6

AG49
0

*
**

***

AGS

SGC7901 SGC7901 AG490

AGS IL-6

***

***

***

***

IC50=2.08 μM

IC50=1.905 μM

IC50=107.8 ng/mL

IC50=32.73 μM

2 way ANOVA 
P<0.001

2 way ANOVA 
P<0.001

–0.5          0.0           0.5           1.0

–0.5          0.0           0.5           1.0

0         24        48        72

0         24        48        72

0               1               2               3

0               1               2               3

log(), μM

log(), μM

log(), ng/mL

log(), μM

*** ***

***

***

0.5
 μM

25
 ng

/m
L

1 μ
M

50
 ng

/m
L

2 μ
M

10
0 n

g/
m

L
5 μ

M

20
0 n

g/
m

L

10
 μM

30

20

10

0

150

100

50

0

150

100

50

0

150

100

50

0

150

100

50

0

2.5

2.0

1.5

1.0

0.5

0.0

2.5

2.0

1.5

1.0

0.5

0.0

Control
1 μM
2 μM

Control
1 μM
2 μM

IL-6
IL-6+1 μM Polyphyllin I

80

60

40

20

0

80

60

40

20

0

A B

C
D



4720 Han et al. Polyphyllin inhibits JAK2/STAT3 Pathway in gastric cancer

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(8):4715-4725 | http://dx.doi.org/10.21037/tcr-20-66

by flow cytometry. The rates of early and late apoptosis of 
AGS cells in the drug group were 3–6 times higher than 
those in the control. The results showed that polyphyllin 
I obviously promoted apoptosis of GC cells (Figure 3C). 
TUNEL assay also confirmed the pro-apoptotic effect of 
polyphyllin I on GC cells (Figure 3D). 

In addition, the effect of polyphyllin I on any apoptosis-
related proteins was also detected by WB assay. The results 
confirmed that polyphyllin I can not only activate death 
factor-mediated apoptosis by increasing the expression 
of pro-apoptotic factors (FasL, TNFa), but also activate 
mitochondrial pathway mediated apoptosis by inducing 
pro-apoptotic factors (Bax, Bad). Moreover, the drug can 
inhibit the expression of some anti-apoptotic factors (bcl-2, 
bcl-xl) (Figure 4). The apoptosis detection and western blot 
analysis suggested that polyphyllin I could promote GC cell 

apoptosis through both death receptor and mitochondrial 
pathways.

Polyphyllin I inhibit GC growth in vivo

The subcutaneous GC mouse model was established to 
examine whether polyphyllin I could inhibit GC growth  
in vivo. First, AGS GC cells, which have the best response 
to polyphyllin I, were used to establish the model. The 
control (PBS) and drug (polyphyllin I, 0.2 mg/kg) groups 
were also established. Drugs were administrated twice a 
week while mouse weight and tumor size were measured 
every 4 days. After 32 days, mice were decapitated under 
anesthesia, and tumors were weighed and then fixed in 
paraffin.

As shown in Figure 5A, no significant difference in the 

Figure 2 Polyphyllin I may work as a STAT3 inhibitor. (A) Western blot analysis of phosphorylated JAK2 (Tyr1007) and STAT3 (Tyr705) 
in GC cells treated with 1 and 5 μM polyphyllin I for 48 h; (B) Western blot analysis of phosphorylated JAK2 (Tyr1007) and STAT3 (Tyr705) 
in GC cells treated with polyphyllin I and IL-6 for 48 h; (C)  Western blot analysis of phosphorylated JAK2 (Tyr1007) and STAT3 (Tyr705) 
in GC cells treated with polyphyllin I and AG490 for 48 h; (D) Western blot analysis of phosphorylated JAK1 (Tyr1034/1035) and STAT1 
(Ser727) in GC cells treated with 1 and 5 μM polyphyllin I for 48 h. Error bars represent the mean ± SD of three independent experiments. *, 
P<0.05; **, P<0.01; ***, P<0.001 vs. control group (n>3).
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mouse weight was observed between the drug and control 
groups. The tumor volume had been growing steadily in 
both groups, but the growth rate of the drug group was 
obviously slower than that of the control, indicating that 
polyphyllin I could inhibit GC growth (Figure 5B,C). The 
expression level of Ki-67, a proliferation marker of tumor 
cells, in the drug group transplantable tumor was much 
lower than that in the control (Figure 5D). Therefore, we 
concluded that polyphyllin I (0.2 mg/kg) could inhibit the 
growth of GC in vivo without obvious toxicity.

Discussion

Previous studies have shown that natural medicine, such as 
polyphyllin I could be considered a potential agent for the 
treatment of human cancers. However, the current data are 
limited and the exact mechanisms involved in the anticancer 
activity of polyphyllin I have not yet been elucidated. In the 
present study, a luciferase screening system was constructed 
using Bcl-2, a marker of apoptosis, as a reporter gene, 

and the current study examined whether polyphyllin I can 
inhibit the activity of GC cells. However, how polyphyllin 
I affect the Bcl-2 gene and induces apoptosis is unknown. 
This study demonstrated significant cell growth inhibition 
in two GC cell lines, confirming the consistency of our 
findings and further strengthening our hypothesis.

It was found that polyphyllin I can restrain the IL-6-
activated JAK2/STAT3 pathway. IL-6 is a widespread 
cytokine that participates in several biological responses, 
particularly the JAK signaling pathway (17). Its binding 
to cell surface receptors results in the activation of the 
JAKs, which leads to STAT3 phosphorylation. The 
phosphorylated STAT3 then dimerizes and trans locates to 
the nucleus, binds with target genes and regulates the DNA 
transcriptional activity. The expression level of p-JAK2 
and p-STAT3 was detected in GC cells treated with IL-6 
and polyphyllin I. The results indicated that polyphyllin I 
can offset the promotion function of IL-6 on p-STAT3. It 
is known that AG490 mainly inhibits the phosphorylation 
of JAK2 tyrosine (701) or serine (727), blocking the 

Figure 3 Polyphyllin I inhibit the proliferation and promotes the apoptosis of GC cells in vitro. (A) Effects of polyphyllin I on GC cell 
colony formation. The colony numbers of two GC cell lines were mounted following treatment with different concentrations of polyphyllin 
I (1 and 2 µM) for 48 h; (B) effects of polyphyllin I on GC cell cycle. The cell cycle of the AGS GC cell line was measured following 
treatment with different concentrations of polyphyllin I (1 and 2 µM) for 48 h; (C) apoptosis in each group was analyzed by flow cytometry; (D) 
apoptosis in each group was analyzed by TUNEL assay. Error bars represent the mean ± SD of three independent experiments. *, P<0.05; 
**, P<0.01; ***, P<0.001 vs. control group (n>3).
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Figure 4 Effects of polyphyllin I on GC cell apoptosis related proteins. Western blot analysis of FasL, TNFa, Bax, Bad, Bcl-2 and Bcl-XL 
in GC cells treated with polyphyllin I at 1 and 2 μM for 48 h. Error bars represent the mean ± SD of three independent experiments. **, 
P<0.01; ***, P<0.001 vs. control group (n>3).

downstream kinase activation (18,19). The physiological 
and pathological function of cytokines were then broken, 
thereby inhibiting tumor growth and transformation. The 
western blot analysis results showed that the expression 
pattern of p-JAK2 and p-STAT3 in GC cells treated 
with AG490 was different from that in cells treated with 
polyphyllin I. Polyphyllin I inhibited the expression of 
p-STAT3 but not p-JAK2. These confirmed the speculation 
that polyphyllin I do not function as a JAK2 inhibitor, but 
likely as a STAT3 phosphorylation inhibitor. However, 
all these results were obtained under a low polyphyllin 
I concentration (1 μM). When the concentration was 
increased, the p-JAK2 expression decreased. The reason 
for this phenomenon is likely to be the fact that a higher 
concentration of polyphyllin I strongly inhibits the 
expression of p-STAT3, leading to the activation of certain 
negative feedback mechanisms, thus affecting the expression 
of p-JAK2 and any other protein. This also indirectly proves 
that the JAK2/STAT3 signaling pathway may be part of a 
signal loop. In addition, we also detected the effect of the 
drug on JAK1/STAT1 pathway and obtained results similar 
to JAK2/STAT3 pathway, which also indicated that the drug 

had an effect on the entire JAK/STAT pathway.
To date, several STAT3-targeting agents have been 

identified. These candidate drugs have been shown to work 
in two different ways. The first is by directly interacting 
with STAT3 and disturbing STAT3 phosphorylation. 
This group includes, among others, ST3-H2A2 (20) and 
S3I-1757 (21). The second is by mainly acting on the 
upstream protein of STAT3 and indirectly affecting STAT3 
activity. Several well-known anti-tumor compounds, such 
as AZD1480 (22) and AG490 (23), belong to this group. 
Although all these agents have good potential to inhibit 
STAT3 activity, very few of them have been used in clinical 
trials, due to their toxicity and intolerance. So far, there are 
still no anti-tumor drugs that can act directly on STAT3 
protein on the market. However, some STAT3 inhibitors, 
such as BP-1-102 (24), have been shown to have good  
in vivo and in vitro activity in preclinical experimental 
models, which provides hope for the use of STAT3 
inhibitors as candidate drugs in clinical trials. In addition, 
some natural products with a STAT3 inhibition activity have 
been tested in clinical trials. One such product is curcumin, 
which is used in the treatment of pancreatic cancer and has 
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Figure 5 Tumor formation in nude mice. (A) 0.2-mg/kg polyphyllin I injection did not cause obvious weight loss, as compared with the 
control group. Error bars represent the mean ± SD of more than two independent experiments; (B) 0.2-mg/kg polyphyllin I injection 
markedly suppressed GC tumor growth; (C) 0.2-mg/kg polyphyllin I injection decreased the GC tumor weight; (D) immunohistochemistry 
of Ki-67 in the transplantable tumor (magnification, ×200). Error bars represent the mean ± SD of three independent experiments. **, 
P<0.01; ***, P<0.001 vs. control group (n>3).

entered a phase II clinical trial (NCT00094445), as well as 
resveratrol, which is used in colon cancer treatment and 
whose tolerability and pharmacokinetic parameters are also 
being studied (NCT00433576). Therefore, identifying safe 
and effective STAT3 inhibitors has become crucial to the 
development of anti-tumor drugs.

Polyphyllin I, one of the most important components 
of Rhizoma Paridis, has been proven to be safe and well 
tolerated, and has been widely used by clinicians in China, 
from ancient times to the present day. Polyphyllin I have 
a good anti-inflammatory and anti-tumor activity. In the 
present study, the possible mechanism through which 
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polyphyllin I fights against cancer was revealed for the 
first time: Polyphyllin I may work as a p-STAT3 inhibitor 
to selectively depress signaling pathways that STAT3 is 
involved in, as well as and its downstream apoptosis related 
genes. A serious of cell experiments in this work have 
indicated that Polyphyllin I can inhibit the proliferation and 
promotes the apoptosis of GC cells in vitro. The WB results 
confirmed that polyphyllin I can both promote death factor-
mediated apoptosis pro-apoptotic factors (FasL, TNFa) and 
mitochondrial pathway mediated apoptosis pro-apoptotic 
factors (Bax, Bad). However, the anti-apoptotic factors 
(bcl-2, bcl-xl) were inhibited. These results showed that 
polyphyllin I promote the apoptosis of GC cells through 
the combined action of various apoptotic pathways. The  
in vivo anti-tumor activity of polyphyllin I demonstrated 
that Polyphyllin I is low cytotoxic, which improves the 
feasibility of clinical trials. These findings suggested that 
polyphyllin I may be a new candidate anti-cancer drug 
targeting STAT3, a core part of several signaling pathways 
in GC cells. Further studies should focus on polyphyllin I, 
as it may lead to the development of more effective and less 
toxic anti-tumor drugs that can benefit more patients.
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