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Abstract. Inflammation is regarded as one of the major 
hallmarks of tumors, and has a very close relationship with 
gastric cancer. Interleukin-33 (IL-33), a new member of the 
IL-1 family, plays an important role in both inflammatory 
disease and tumors. The present study was designed to explore 
the effects of IL-33 on the proliferation, drug sensitivity, 
and the invasiveness of gastric cancer cells in vitro. IL-33 at 
concentrations lower than 100 pg/ml did not alter the inhibi-
tory rate of gastric cancer cells. Moreover, IL-33 at these low 
concentrations protected against platinum-induced apoptosis 
in various gastric cancer cell lines, yet not in normal gastric 
epithelial cells. We also found that IL-33 increased the acti-
vation of the JNK pathway, and enhanced the expression of 
ST2. Furthermore, SP600125, a selective inhibitor of the 
JNK pathway, significantly blocked the protective effects of 
IL-33 in gastric cancer cells. In addition, Matrigel invasion 
assay showed that IL-33 markedly promoted gastric cancer 
cell invasion. In conclusion, the present study demonstrated 
that IL-33 protected against platinum-induced apoptosis and 
promoted cell invasion via activation of the JNK pathway in 
gastric cancer cells. In light of the prevalence of platinum-
based chemotherapeutics in the treatment of gastric cancer, 
our results suggest that the level of IL-33 should be monitored 
during the treatment of gastric cancer, particularly when using 
platinum-based chemotherapeutics.

Introduction

Gastric cancer is one of the most common types of cancers. 
Over 1.6 million individuals succumb to gastric cancer each 
year in China. The Chinese incidence of gastric cancer 
accounts for more than 40% of the worldwide occurrences. 
Moreover, the progression-free survival and overall survival 
rates of gastric cancer patients in China are much lower than 
those in Europe and the US. Therefore, research concerning 
the characteristics and pathogenesis of gastric cancer in 
Chinese patients is urgently needed.

Gastric cancer can be influenced by a wide range of 
genetic and environmental factors. A clear association has 
been reported between gastric cancer and chronic inflamma-
tion (1-3). Pro-inflammatory factors, including interleukin-1 
(IL-1), IL-6 and tumor necrosis factor (TNF), may not only 
play roles in inflammation-associated carcinogenesis (4), but 
may also influence the chemotherapeutic sensitivity during 
gastric cancer treatment (5,6). IL-33 (previously known as 
NF-HEV), an 18-kDa protein, is a new member of the IL-1 
family (7). Traditionally, the IL-1 family is well known for 
their effects on host defense, immune regulation and inflam-
mation (7). However, recent research suggests that the IL-1 
family is also involved in cancer development. For example 
IL-18, another member of the IL-1 family, acts as a pleiotropic 
cytokine in many types of cancer cells, and influences the 
invasion of gastric cancer cells under hypoxia (8). A high level 
of IL-18 in serum has been intensively associated with a wide 
variety of tumors, such as hepatocellular (9) and esophageal 
carcinoma (10) and gastric cancer (11).

The structures of IL-33 and IL-18 are very similar. 
Therefore, it is believed that IL-33 and IL-18 may have similar 
biological functions related to cancer development (12). 
Actually, IL-33 is abundantly expressed in the nuclei of 
endothelial cells in human tumor tissues, such as in kidney, 
stomach, liver and pancreas tissues (13). The serum level of 
IL-33 (14) was found to be significantly increased (~6-fold) 
in gastric cancer patients, and a higher serum level of IL-33 
in gastric cancer patients was found to correlate with poor 
prognosis.

However, the relationship between IL-33 and the develop-
ment of gastric cancer is largely unknown. In the present study, 
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the effects and the underlying mechanisms of IL-33 in regards 
to the proliferation and drug sensitivity of gastric cancer were 
explored.

Materials and methods

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. The proliferation level of cells was detected by 
MTT (Invitrogen, USA) assay as described below. GES-1 cells 
and a gastric cancer cell line (SIBCB, Shanghai, China) were 
grown in RPMI-1640 (Gibco, USA) supplemented with 10% 
fetal bovine serum (FBS) (Biological Industries, Israel). The 
cells were trypsinized and grown in a 96-well plate (Corning 
Incorporated, USA) at a density of 1x105/well and incubated 
for 24 h at 37˚C, in 5% CO2. IL-33 (Sigma, USA) at a final 
concentration of 7.8, 15.6, 31.25, 62.5, 125, 250, 500 and 
1,000 pg/ml was incubated with MGC803 and GES-1 cells, 
respectively for 24 h. Twenty microliters MTT (5 mg/ml) was 
added into the cells and incubated for 4 h. After removing 
the supernatant, 200 µl DMSO was added to dissolve the 
formazan. The absorbance value (OD) was detected at a 
570-nm wavelength with a microplate reader (Thermo, USA), 
with 630 nm as reference. The cell viability (%) = treatment 
group OD/control group OD. The experiment was repeated 
three times. For the cell protection assay, MGC803 cells were 
incubated with 5-FU, adriamycin, cis-platinum (DDP) and 
etoposide (Sigma) coupled with 0, 20, 40, 60, 80 pg/ml IL-33. 
All of these chemotherapy drugs were at the concentration of 
10 µM. After incubation with the MGC803 cells for 24 h, MTT 
assay was carried out and the inhibition rate was calculated. 
The inhibition rate (%) = (1 - treatment group OD/control 
group OD) x 100%. For evaluation of the protective effects 
against DDP-induced cell inhibition, GES-1 and gastric cancer 
cell lines MGC803, SGC7901 and GC9811-P were incubated 
with 0, 5, 10, 20 µM DDP coupled with 60 pg/ml IL-33 for 
24 h. Then MTT assays were carried out as described above.

Flow cytometric analysis. MGC803 cells were cultured in 
RPMI-1640 supplemented with 10% FBS. The cells were incu-
bated with DDP (10 µM) and a triple-drug combination (TDC) 
[5-FU, oxaliplatin (Sigma); docetaxel; 750:75:75 µg/ml (15)] 
alone or with 60 pg/ml IL-33 for 24 h, and the apoptosis assay 
was performed with an Annexin V/PI staining kit (Bender 
MedSystems, USA). The experiment was carried out according 
to the instruction manual provided in the kit. After staining, 
the cells were analyzed by flow cytometry (Calibur; BD, USA), 
and data were collected and analyzed using FlowJo software 
(version 10.0). The experiment was repeated three times.

Western blotting. Levels of activated-PARP, ST2, and MAPK 
pathway-related proteins including p-ERK1/2, P38, p-JNK 
were determined as described below. Confluent cultured 
MGC803 cells were treated with different concentrations 
of the compounds including 10 µM DDP or TDC alone or 
with 60 pg/ml IL-33 for 24 h. The cell lysates containing 
25 µg protein were electrophoresed on polyacrylamide gel 
in the presence of sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and electroblotted to a 
polyvinylidene f luoride (PVDF) membrane (Millipore 
Corporation, USA). After blocking with non-fat milk, the 

PVDF membrane was incubated with the primary antibodies 
(Cell Signaling Technology, USA) overnight at 4˚C. Then 
the secondary antibody (Cell Signaling Technology) was 
added and after washing with TBS-T buffer, the PVDF 
membrane was visualized using ECL chemiluminescence 
(Invitrogen) and exposed to X-ray film (Kodak, USA). The 
bands were quantified by ImageJ (version 1.47) with β-tubulin 
(Cell Signaling Technology) as the internal reference. The 
experiment was repeated three times.

JNK inhibition assay. MGC803 cells were trypsinized and 
grown in 96-well plates at the density of 105 cells/well. After 
pretreatment with 10 µM of SP600125 (Calbiochem, USA), a 
highly selective JNK inhibitor for 1 h, the MGC803 cells was 
incubated with 10 µM DDP and TDC alone or with 60 pg/ml 
IL-33 for 24 h. Then the cell inhibition rate was detected by 
MTT assay. The experiment was repeated three times.

Matrigel invasion assay. Twenty-four-well plates with an inner 
chamber was chosen for the invasion assay, and membranes 
with an 8-µm pore size were precoated with 10 µg/ml Matrigel 
(Corning Incorporated). The MGC803 cells were trypsinized 
and grown on the inner chamber at the density of 1x106 cells/well 

Figure 2. Effect of chemotherapeutics coupled with IL-33 on MGC803 cells. 
MGC803 cells were incubated with 5-FU (10 µM), adriamycin, DDP and 
etoposide coupled with 0, 20, 40, 60 and 80 pg/ml IL-33 for 24 h. The cell 
inhibition rate (%) is expressed as the mean ± SD from three independent 
experiments.

Figure 1. The function of IL-33 on the proliferation of GES-1 and MGC803 
cells. MGC803 and GES-1 cells were incubated with 7.8, 15.6, 31.25, 62.5 
125, 250, 500 and 1,000 pg/ml IL-33 alone for 24 h. The cell viability rate (%) 
is expressed as the mean ± SD from three independent experiments.
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in RPMI-1640, with RPMI-1640 medium containing 0, 30, 
60 and 120 pg/ml IL-33 in the lower chamber separately. In 
addition, the positive control was performed with RPMI-1640 
containing 10% FBS in one lower chamber and MGC803 cells 
in RPMI-1640 medium in the upper chamber. After incubation 
at 37˚C for 6 h, cells on the upper surface of the filter were 
removed and cells adhering to the undersurface of the filter 
membrane were dyed with 0.5% crystal violet for 30 min. The 
crystal violet was washed with PBS for three times. Cells on 
the lower chamber were counted under a microscope in four 
fields randomly. The mean cell numbers were recorded and 
analyzed. The experiment was repeated three times.

Statistical analysis. The differences were analyzed by the 
two-tailed Student's t-test using SPSS 13.0. Statistical signifi-
cance was verified at p<0.05. The graphs were constructed 
using GraphPad Prism for Windows (version 5.0).

Results

Proliferative effect of IL-33 alone on gastric cancer and 
normal epithelial cells. To explore the direct influence of IL-33 
on the proliferation of GES-1 and gastric cancer cells, GES-1 
and MGC803 cells were incubated with different concentra-
tions of IL-33 for 24 h. As shown in Fig. 1, IL-33 inhibited the 
proliferation of GES-1 cells slightly and stimulated the prolif-
eration of MGC803 mildly. This implied that IL-33 nearly 

had no obvious effects on the proliferation of both cell lines 
at a low concentration (<100 pg/ml). Thus, IL-33 at a lower 
concentration was chosen for the subsequent experiments.

IL-33 protects gastric cancer MGC803 cells from apoptosis 
induced by a platinum drug. In the present study, the effect 
on proliferation of different chemical compounds on MGC803 
cells were assessed when co-cultured with IL-33. MGC803 
cells were incubated with 5-FU, adriamycin, DDP and etopo-
side at the concentration of 10 µM coupled with 0, 20, 40, 60 
and 80 pg/ml IL-33. As shown in Fig. 2, IL-33 at 60 pg/ml 
significantly reduced the apoptosis caused by DDP but not 
with the other chemical compounds (p<0.05).

After the above experiment, GES-1 and gastric cancer cell 
lines MGC803, SGC7901 and GC9811-P were cultured with 0, 
5, 10 and 20 µM DDP coupled with 60 pg/ml IL-33 for 24 h. 
As shown in Fig. 3, the MTT assay data revealed that IL-33 
decreased the inhibitory rate of DDP in the gastric cancer 
cells, particularly in the MGC803 cells. This implies that 
IL-33 protects MGC803 and other gastric cancer cells from 
apoptosis induced by DDP. Yet, it had no apparent proliferative 
effect on GES-1 cells. The protective effect on cell prolifera-
tion was more obvious in the MGC803 cells at 5, 10 and 20 µM 
DDP with statistical significance (p<0.05), and MGC803 cells 
were chosen for use in the following experiments.

Furthermore, a flow cytometric assay was carried out 
to confirm the above result. Considering the significance of 

Figure 3. Effect of DDP coupled with IL-33 on gastric cancer and GES-1 cells. (A) GES-1 cells and gastric cancer cell lines (B) MGC803, (C) SGC7901, 
(D) GC9811-P were incubated with cis-platinum (DDP) (0, 5, 10, 20 µM) combined with 60 pg/ml IL-33 for 24 h. The cell inhibition rate (%) is expressed as 
the mean ± SD from three independent experiments. *p<0.05.
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combination drug therapy, apart from DDP, MGC803 cells  
were incubated with TDC containing oxaliplatin alone or with 
60 pg/ml IL-33. As shown in Fig. 4A and B, when coupled 
with IL-33, the apoptosis rate of the MGC803 cells declined 
markedly, and the phenomenon was more obvious in the TDC 
treatment group. In addition, as shown in Fig. 4C and D, 
expression of apoptosis protein active-PARP was decreased 
compared to the level in the control group when cultured 
with IL-33; all of the above data confirmed that IL-33 
protects MGC803 cells from apoptosis induced by DDP or 
platinum-based cytotoxic drugs.

Expression of ST2 in the MGC803 cells. MGC803 cells were 
treated with DDP or TDC and IL-33 for 24 h, and the protein 
level of ST2 was detected by western blotting. As shown 
in Fig. 5A and B, compared with the untreated group, the 
protein expression of ST2 was slightly increased following 
treatment with DDP, TDC or IL-33 alone. When MGC803 
cells were treated with both DDP or TDC and IL-33, expres-
sion of ST2 was obviously increased compared to the DDP 
or TDC group.

IL-33 may have protective a function via the JNK pathway. 
The mechanism of IL-33 was explored by western blotting. 
MGC803 cells were treated with DDP or TDC alone and with 
IL-33 for 24 h. Phospho-MAPK (ERK1/2, p38, JNK) protein 
expression was detected. As shown in Fig. 5C and D, the p38 
protein level had almost no change, yet phospho-ERK1/2 

increased slightly and expression of phospho-JNK (p-JNK) 
obviously increased when the cells were incubated with IL-33. 
The result showed that when the cells were treated with both 
DDP or TDC and 60 pg/ml IL-33, phospho-ERK1/2 was 
increased slightly, and p-JNK was increased obviously. IL-33 
may play a protective function through JNK pathway activa-
tion, and partially through treatment with ERK1/2.

Following treatment with the JNK inhibitor, MTT assay 
was carried to assess cell growth. MGC803 cells were incu-
bated with DDP, TDC and IL-33 alone and/or with JNK 
inhibitor pretreatment for 1 h. As shown in Fig. 5E and F, 
compared with the inhibitor non-treatment group, the cell 
viability was obviously decreased when cultured with the JNK 
inhibitor. This phenomenon was more obvious in the TDC 
group and the data reached statistical significance compared 
to the control group (p<0.05). These data indicate that JNK 
plays an important role in the IL-33 protective function.

IL-33 stimulates the invasive ability of the gastric cancer 
MGC803 cells. In addition to the proliferation function of 
IL-33, the influence of IL-33 on cell invasion was explored 
via a Matrigel invasion assay. As shown in Fig. 6, following 
treatment with a higher concentration of IL-33, the number of 
invasive cells was increased. The invasion data indicated that 
IL-33 promoted MGC803 cell invasion, and the data reached 
statistical significance compared to the control group (p<0.05). 
Thus IL-33 may be an inducible factor of gastric cell invasion, 
and even may promote the metastasis of gastric cancer.

Figure 4. IL-33 protects MGC803 cells from apoptosis induced by platinum-based drugs. (A) MGC803 cells were incubated with DDP and TDC containing 
oxaliplatin alone and with 60 pg/ml IL-33 for 24 h. Cells were collected for flow cytometry. (B) The apoptosis rate is expressed as the mean ± SD from three 
independent experiments. *p<0.05. (C) After the MGC803 cells were treated with DDP and/or IL-33 for 24 h, the protein level of active-PARP was detected by 
western blotting. After MGC803 cells were treated with TDC and/or IL-33 for 24 h, the protein level of active-PARP was detected by western blotting. (D) The 
expression of active-PARP was quantified and normalized to β-tubulin, and is presented as the mean ± SD from three independent experiments. *p<0.05.
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Figure 6. IL-33 promotes the invasive potential of MGC803 cells. (A) Effects of IL-33 on cell invasion by Matrigel invasion assays. Representative images of 
invaded cells are shown. Scale bar, 50 µm. Upper chambers contained RPMI-1640 and lower chambers contained RPMI-1640 with IL-33. The positive control 
was performed with RPMI-1640 medium containing 10% FBS in the lower chamber. The cells were stained with 0.5% crystal violet. (B) Invaded cells were 
counted and the results are expressed as the mean ± SD from three independent experiments. *p<0.05.

Figure 5. ST2 and JNK pathway in IL-33 function. (A) MGC803 cells were treated with DDP and/or IL-33 for 24 h, and the protein level of ST2 was detected by 
western blotting. (B) MGC803 cells were treated with TDC and/or IL-33 for 24 h, and the protein level of ST2 was detected by western blotting. (C) Expression 
levels of p-ERK1/2, p38 and p-JNK were detected by western blotting. Activation of ERK1/2 and JNK is shown. (D) Expression levels of p-ERK1/2, p38 and 
p-JNK were detected by western blotting. Activation of ERK1/2 and JNK is shown. (E) DDP (10 µM) combined with IL-33 (60 pg/ml), and/or the JNK inhibitor 
were incubated with the MGC803 cells. The cell inhibition rate is expressed as the mean ± SD from three independent experiments. *p<0.05. (F) TDC, IL-33 
and JNK inhibitor were incubated with MGC803 cells. The cell inhibition rate is expressed as the mean ± SD from three independent experiments. *p<0.05.

  A

  B
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Discussion

As a new member of the IL-1 family, research on IL-33 has 
been mainly focused on inflammation. For example, IL-33 at 
10-100 ng/ml significantly and dose-dependently enhanced the 
survival of eosinophils (16), and IL-33 promoted the proliferation 
of circulating fibrocytes in patients with allergen-exacerbated 
asthma (17). In the present study, the proliferative effect of 
IL-33 on gastric cancer cells was firstly reported. Gastric cancer 
MGC803 cells and normal gastric epithelial GES-1 cells were 
incubated with IL-33 at 7.8-1,000 pg/ml. Notably, IL-33 at a low 
concentration (<100 pg/ml) had no obvious proliferative effect 
on the GES-1 and MGC803 cells. This avoided an individual 
effect of IL-33 on cell proliferation in the following experiments.

In the present study, IL-33 decreased the apoptosis rate of 
chemotherapeutic compounds in gastric cancer cell lines, yet 
not in normal epithelial GES-1 cells. At present, fluoropyrimi-
dine, taxanes and platinum-based regimens are most frequently 
used and offer a response rate of 30-50% with a median overall 
survival of ≤1 year (18). Considering the combined usage in the 
clinic, apart from DDP, TDC containing oxaliplatin was applied. 
PARP-1 activation has been shown to cause cell death by trig-
gering a signaling cascade involving the MAP kinase JNK (19). 
In the present study, the apoptosis of cells was confirmed by 
MTT assay, flow cytometry and the protein active-PARP 
level. MTT data showed that among 5-FU, adriamycin, DDP 
and etoposide, IL-33 reduced the apoptosis caused by DDP in 
three gastric cancer cell lines yet not in GES-1 cells. In addi-
tion, IL-33 was found to weaken the apoptotic effect induced 
by TDC, consistent with the DDP group. The present study 
clearly showed that IL-33 reduced the cytotoxic effect of the 
chemotherapeutics on the gastric cancer cell lines, particularly 
for the platinum-based therapy. However, IL-33 had no apparent 
effect on the apoptosis of GES-1 cells induced by DDP, which 
imply that IL-33 may selectively protect gastric cancer cells 
from apoptosis rather than normal cells. Similarly, there is 
another interleukin that has a similar protective function as 
IL-33. IL-22 protects colorectal cancer cells from chemotherapy 
by activating the STAT3 pathway (20). The results further imply 
that IL-33 may weaken the therapeutic effect of platinum-based 
chemotherapeutics in gastric cancer.

Among the IL-1 family, ST2 was identified as an IL-33 
receptor (7). In the present study, the ST2 protein level was 
increased compared to the control group after chemotherapy, 
and increased further when incubated with both chemothera-
peutic agents and IL-33 in MGC803 cells. This implied that 
expression of ST2 was increased after cell apoptosis induced 
by DDP and TDC. It has been reported that sST2 is associated 
with liver injury and cell death as well as systemic inflamma-
tory response (21). Following co-culture with IL-33, ST2 was 
induced compared to the DDP or TDC group, indicating that 
IL-33 induced the expression of ST2. Research has shown that 
activation or recruitment of IL-33 in target cells co-expressing 
the ST2 receptor led to increased ST2 levels in serum (13). 
However, extracellular IL-33 was found to promote the expres-
sion of ST2 in gastric cancer. The present study implied that 
apart from inflammation, the IL-33/ST2 pathway affects the 
cell proliferation and drug sensitivity in gastric cancer.

As found in a previous study, IL-33 was able to bind 
a heterodimeric receptor complex consisting of ST2 and 

IL-1R accessory protein (IL-1 RAP) (22) and to activate 
NK-κB and mitogen-activated protein kinases (MAPKs) (23). 
MAPK pathways involve the extracellular signal-regulated 
kinases: ERK1/2, c-Jun amino-terminal kinase JNK and p38 
kinase (24). Recent data suggest that MAPKs may mediate 
apoptotic signaling induced by anticancer drugs (25). For 
example, sustained activation of JNK/p38 MAPK in response 
to cisplatin was found to lead to cell death in ovarian carci-
noma cells (26). JNK was found to be activated in response 
to chemical and environmental stress and to inflammatory 
cytokines (27). Research also suggests that regulation of 
the ERK1/2 and P38 MAPK signaling pathways is crucial 
in the context of DNA-damaging drug-induced apoptosis 
and may be generally involved in the apoptosis induced by 
anticancer DNA-damaging drugs, including doxorubicin and 
etoposide (28). In the present study, to reveal the protective 
mechanism of IL-33 in gastric cancer, the MAPK pathway 
including ERK1/2, P38, JNK was detected via western blot-
ting. The data revealed that ERK1/2 and JNK were activated 
through phosphorylation under the condition of IL-33, while 
JNK activation was more obvious, which indicated that JNK 
has a significant correlation with IL-33. Thus, we conclude that 
JNK plays an important role in the IL-33 protective function, 
as well as ERK1/2. Considering that IL-33 could promote the 
expression of ST2, we conclude that IL-33 may function via the 
IL-33/ST2 and MAPK pathways including JNK and ERK1/2.

To confirm these findings, MTT assay following treat-
ment with the JNK inhibitor was carried out. Consistent with 
the present study, the cell inhibition rate was higher following 
treatment with the JNK inhibitor, which implied that the JNK 
inhibitor blocked the protective effects of IL-33 in gastric cancer 
cells. Thus, JNK may be a key factor in the IL-33 function for 
protecting gastric cancer cells from apoptosis. Other studies have 
shown the significance of JNK in gastric cancer. For example, 
IL-18-enhanced thrombospondin expression was blocked by 
the JNK-specific inhibitor (SP600125) and it enhanced the 
expression of phosphorylated JNK in human gastric cancer cell 
lines (29). Diversin increased the proliferative and invasive ability 
of non-small cell lung cancer cells via the JNK pathway (30).

Many inflammatory cytokines have influence on cell prolif-
eration, as well as on cell migration. According to a previous 
study, IL-1β, besides its central role in inflammation, has 
also been recognized as a factor affecting tumor progression, 
angiogenesis and invasiveness (31). In the Matrigel invasion 
assay, we explored the function of IL-33 in MGC803 cell inva-
sion. The results showed that IL-33 could promote MGC803 
cell invasion. The data revealed that IL-33 may accelerate 
gastric cell invasion and may be an alarm for gastric cancer. 
Considering the results above, IL-33 may indicate the poor 
prognosis of gastric cancer patients particularly those with a 
high IL-33 level in the serum (14). In addition, a high level of 
IL-33 was found to be a poor prognostic factor in other tumors. 
For example, overexpression in head and neck squamous cell 
carcinoma was found to promote migration and invasion (32). 
IL-33 accelerated breast cancer growth and metastasis through 
increased intratumoral accumulation of immunosuppressive 
cells and diminished innate antitumor immunity. The above 
function was attenuated in the absence of ST2 (33). In short, a 
high IL-33 level may be detrimental to the tumor and should 
be treated as an alarm during therapy.
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The present study demonstrated that IL-33 protected 
gastric cancer cell lines rather than normal gastric epithelial 
GES-1 cells from apoptosis induced by chemical compounds 
containing platinum. In addition, the protective function of 
IL-33 in gastric cancer cell apoptosis was mainly through 
the JNK pathway. IL-33 stimulated gastric cancer cell inva-
sion. The results imply that IL-33 may combine with ST2 to 
affect platinum therapy in gastric cancer and even worsen the 
disease. In the clinical therapy of gastric cancer, evaluation 
of the serum level of IL-33 before drug administration is 
recommended. If patients have a high IL-33 serum level, then 
chemotherapeutics containing platinum should be avoided 
or applied cautiously. In addition, various specific molecular 
inhibitors can be combined with platinum therapy, such as a 
JNK inhibitor. Further in vivo and clinical research of IL-33, 
particularly in regards to gastric cancer patients is warranted.
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