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Purpose
Our aim was to detect the potential role of interleukin 11 (IL-11) in the development of
chemo-resistance in gastric cancer and to reveal the mechanism involved in the process.

Materials and Methods
Here, we used flow cytometry to examine the percentage of cancer-associated-fibroblasts
in tumor samples from chemo-resistant and -sensitive gastric cancer patients. Using MTT
assay, we detected the cell viability under different conditions. Using quantitative real-time
polymerase chain reaction and Western blotting, we determined the target expressions in
mRNA and protein levels. We also performed immunohistochemistry and immunofluores-
cence to detect the target proteins under different conditions. Animal models were con-
structed to verify the potential role of IL-11 in chemo-resistant develop in vivo.  

Results
Herein, we observed enriched cancer associated fibroblasts in drug resistant tumor tissues
from gastric patients. Those fibroblasts facilitate the chemotherapeutic drugs resistance
development through the secretion of IL-11, which activates the IL-11/IL-11R/gp130/
JAK/STAT3 anti-apoptosis signaling pathway in gastric cancer cells. We found that the com-
bination of chemotherapeutic drugs and JAK inhibitor overcomes the resistance and 
increases the survival of mice with gastric cancer xenografts.

Conclusion
Our results demonstrated that IL-11 contributed to the obtain of resistance to chemotherapy
drugs through gp130/JAK/STAT3/Bcl2 pathway, and targeting the IL-11 signaling pathway
induced by fibroblasts might be a promising strategy to overcome the multi-drugs resistant
cancer in clinic.
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Introduction

As the fifth most frequently diagnosed cancer worldwide,
gastric cancer has become one of the major health problems
worldwide. Though the development of medicine and tech-
nology has helped to improve the clinical efficacy of gastric
cancer, it still ranks as the fifth cancer-related deaths in China
[1]. Chemotherapy has achieved some clinical efficacy for
gastric cancer treatment; however, some patients still showed

no response after standard chemotherapy. One of the com-
mon reported reasons of failed chemotherapy in clinic is the
development of drug resistance [2]. Unfortunately, the 
underlying mechanism of multi-drugs resistance develop-
ment in gastric cancer is still unclear and innovative strate-
gies are urgent to overcome the drug resistance in clinic.

Apart from sole cancer cells, tumors are also composed by
other components such as endothelial cells, fibroblasts, and
infiltrating immune cells, termed as tumor microenviron-
ment. Recently, the tumor microenvironment has attracted
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increasing attention owing to its role in providing circum-
stance for cancer progression and metastasis [3]. Cancer-
associated-fibroblasts (CAFs), a sub-population in tumor 
microenvironment, participate in various tumor progres-
sions, including tumor sustained growth, enhanced cancer
metastasis and so on [4]. Recent evidences suggest that the
chemo-kines, cytokines and growth factors secreted by CAFs
are key players to promote tumor progressions and facilitate
the drug resistance development [5]. Notably, interleukin
(IL)-6 cytokine family has been reported to be involved in
cancer invasion and proliferation [6]. Interestingly, IL-11, as
the member of IL-6 family, has been revealed to accumulate
in solid tumors and worked as a key player in cancer pro-
gression and drug resistance, which could be secreted by
CAFs in tumor sites [7-9]. Recent reports have also shown
that IL-11 could influence tumor progressions for prolonging
stem cells survival, decreasing apoptosis and promoting cell
invasion in solid tumors [9,10]. It is remarkable that signal
transducer and activator of transcription (STAT) family pro-
teins, especially STAT3, selectively induce and maintain a
procarcinogenic inflammatory microenvironment in the
progress of cancer initiation and cancer progression [11].
And Zheng et al. [11] evidenced that IL-11 activated the
JAK/STAT3 pathway once binding to IL-11R and gp130 
activation. Given the central involvement of CAFs in cancer
metastasis, there is considerable interest in its role in the 
development of drug resistance in gastric cancer.

The purpose of this study was to investigate the role of
CAFs in gastric cancer acquiring chemo-resistance in vitro
and in vivo. For this purpose, we obtained CAFs from surgi-
cal gastric cancer specimen resections and further used sam-
ples to test their influence on gastric cancer cells. Here, we
observed accumulated expression of CAFs in the gastric
tumor samples from chemo-resistant patients. And we con-
vinced the role of CAFs in promoting gastric cancer cells to
acquire drug resistance both in vitro and in vivo. Further, our
data defined that IL-11 secreted by CAFs is the main player
and the molecular basis to acquire drug resistance through
JAK/STAT3/Bcl2 pathway. In addition, we demonstrated
that the application of chemotherapeutic agents combined
with JAK signaling inhibitor could efficiently reverse the
drug resistance and it might be a potential strategy in gastric
cancer treatment.

Materials and Methods

1. Cell lines and animals

SGC7901 human gastric cancer cell line, BGC823 human
gastric cancer cell line and BJ cells human normal fibroblast
cell line were purchased from American Type Culture Col-
lection (ATCC, Manassas, VA). All cell lines were maintained
with 1640 complete medium (Gibco, Grand Island, NY) sup-
plemented with 10% fetal calf serum (Gibco), at 37°C with
5% CO2 atmosphere. Female nude mice (6-8 weeks) were
purchased from Beijing HFK Bioscience (Beijing, China) and
fed in SPF experimental animal rooms. 

2. Primary culture of CAFs and gastric cancer patients’ sam-
ples 

Primary CAFs were prepared by the outgrowth methods
[12]. Primary gastric cancer tumor and adjacent normal sam-
ples were sterilely obtained after the surgery at the Zhejiang
Provincial People’s Hospital (Table 1). Samples were sent to
the laboratory within 2 hours. According to the clinical data,
samples were divided into chemo-sensitive and chemo-
resistant groups. The samples were minced and cultured
with F12 culture medium (HyClone, Los Angeles, CA) con-
taining type II and IV collagenase (Sigma, San Francisco, CA)
to digest at 37°C, 5% CO2 incubator for 2 hours, followed by
filtration (BD Biosciences, Franklin Lakes, NJ). Then the cell
precipitation was collected and seeded into 6-well plate in 
2  mL F12 medium supplemented with 10% fetal bovine

Table 1. The characteristic of gastric cancer patients

No. (%) (n=30)
Age (yr)
 60 18 (60)
< 60 12 (40)

Sex
Female 10 (33)
Male 20 (67)

Histological grade
Well 19 (63)
Poor 11 (37)

Clinical stage
I 5 (17)
II 9 (30)
III 16 (53)

Chemotherapy response
Resistance 15 (50)
Sensitive 15 (50)
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serum for 4 hours at 37°C. Next, the medium was replaced
with fresh medium to remove the un-adherent cells and the
remaining cells were collected. After 2-4 passages, we sorted
the CD90 positive cells [13] with BD FACSAria III to collect
fibroblasts and cultured for further study.

To obtain the cultured medium of CAFs (CAFs-CM), 2105

separated CAFs were seeded in the plates and cultured
under conditioned circumstances. Twenty-four hours later,
the medium was replaced by serum-free medium. Two days
later, the supernatants were obtained and stored at –80°C for
further use.

3. Cell viability analysis

For the detection of CAF effect on chemotherapeutic drugs
on BGC923 and SGC7901, we co-cultured CAFs (105) and
cancer cells (5104) for 24 hours, and we removed CAFs by
labeling CD90. Then BGC923 and SGC7901 were seeded, fol-
lowed by adding drugs as following: cisplatin (DDP; 2, 4, 6,
8, 10, 12, and 16 µg/mL; Sigma), doxorubicin (1, 5, 25, 50, 200,
500, and 800 µM; Sigma) or etoposide (0.01, 0.1, 1, 2, 20, 200,
and 500 µM; Sigma) for 48 hours. 

To examine the role of CAFs-CM (collected after 105 CAFs
culture for 24 hours) or rhIL-11 on cancer cells resistance to
chemotherapy, we pre-treated the cancer cells with CAFs-
CM or rhIL-11 (2.5, 5, 10, 20, and 50 ng/mL) for 24 hours,
then employed 10 µg/mL DDP, 200 µM Etoposide and 20 µM
doxorubicin for BGC823 cells and 8 µg/mL DDP, 200 µM
Etoposide and 200 µM doxorubicin for SGC7901 cells at the
presence or absence of IL-11 neutralizing antibody (25
µg/mL) or ruxolitinib (5 µM) for 48 hours. The apoptosis of
cancer cells from tumor tissues were detect by the Annexin
V and propidum iodide (PI) apoptosis detection kit (BD Bio-
sciences) as guided.

Under some experiments, we used STAT3, IL-11R or Bcl2
knockdown BGC823 or SGC7901 cells to examine the effect
of IL-11 on cell viability when treated with chemotherapeutic
agents.

All cell viability experiments were determined by MTT
assay. Briefly, cells were seeded into 96-well culture plates
at the density of 3,000 per well. Twelve hours later, cells were
treated at the determined conditions. Cell growth was meas-
ured after addition of 10 µL MTT solution (0.5 mg/mL, 
Solarbio, Beijing, China). After 4 hours incubation at 37°C,
the medium was replaced with 100 µL dimethylsulfoxide
and vortexed for 10 minutes. Absorbance was measured at
570 nm by a microplate reader (Bio-Rad, Hercules, CA). Each
experiment was performed for at least three times.

4. RNA interference

siRNA targeted human STAT3 (siRNA#1, GUGAAGU-

CAACAUGCCUGC; and siRNA#2, GCAGGCAUGUUGA-
CUUCAC) and siRNA targeted human BCL-2 (siRNA#1,
GCAGCAGCTGAACAACAT and siRNA#2, AATTAAAA-
AAGCAGCA) and control siRNA were purchased from 
RiboBio (Guanghzou, China). siRNA (50 µM) was transfected
to gastric cancer cells with lipofectamine RNAiMax (Invitro-
gen, Carlsbad, CA) as guidance. Lentivirus vector with
shRNA targeting IL-11 receptor (5'-GGACCATACCAAAG-
GAGAT-3') and negative control were purchased from
Genechem Company (Shanghai, China).

5. Flow cytometry 

To examine the percentage of CAFs in gastric cancer 
patients tissues, cells were incubated with CD90 (eBioscience,
San Diego, CA) for 20 minutes at room temperature, after
washed twice and then re-suspended in phosphate buffered
saline (PBS). Flow cytometry was performed on the BD
Canto II (BD Biosciences). 7-AAD was used to exclude the
dead cells. IgG (eBioscience) was used as the negative con-
trol.

To detect the effect of IL-11 on apoptosis of cancer cells
when treated with chemotherapeutic agents, SGC7901 cells
(1106 per mouse) were subcutaneous injected into the nude
mice. When the tumor volume reached 5 mm5 mm, dox-
orubicin (5 mg/kg) monotherapy or combined with CAFs-
CM, rhIL-11 (2.5 µg/kg), in the presence or absence of IL-11
neutralizing antibody (25 µg/mL) were used to treated the
mice by tail intravenous injection every 2 days. PBS was used
as control group. Mice were treated for 2 weeks. Then the
mice were sacrificed to obtain the tumor tissues. After minc-
ing and digesting the tumor tissues, the tissue suspension
was filtered and washed by PBS, followed by staining with
CD45 (eBioscience), Annexin V (eBioscience), and PI (eBio-
science). Then flow cytometry was used to examine the apop-
tosis rate.

6. Real-time polymerase chain reaction 

Two-microgram cDNA was performed as a template for
the real-time polymerase chain reaction (PCR) analysis, with
a SYBR Green Mix (Thermo Fisher, Waltham, MA) and Agi-
lent Technologies Stratagene Mx3500P real-time PCR system.
The Ct method was used for the relative quantification
with actin as a reference. The primers used are listed as fol-
lows: human IL-11 forward primer 5-CGAGCGGACCTA-
CTGTCCTA-3 and reverse primer 5-GCCCAGTCAAGTG-
TCAGGTG-3; human SDF-1 forward primer 5-ATTCTCA-
ACACTCCAAACTGTGC-3 and reverse primer 5-ACTT-
TAGCTTCGGGTCAATGC-3; human HGF forward primer
5-GCTATCGGGGTAAAGACCTACA-3 and reverse pri-
mer 5-CGTAGCGTACCTCTGGATTGC-3; human VEGF
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forward primer 5-AGGGCAGAATCATCACGAAGT-3 and
reverse primer 5-AGGGTCTCGATTGGATGGCA-3; human
FGF forward primer 5-TGGCTATTTGGTGGGGATCAA-3
and reverse primer 5-GAAGAGGGCACTTCTCACTCC-3;
human PDGF forward primer 5-GCAAGACCAGGACGGT-
CATTT-3 and reverse primer 5-GGCACTTGACACTGCT-
CGT-3; human IL-11R forward primer 5’-CTGGGCTAGGG-
CATGAACTG-3’ and reverse primer 5-CTGGGACTCCAA-
GTGCAAGA-3; human SDF-1R forward primer 5-ACTA-
CACCGAGGAAATGGGCT-3 and reverse primer 5-CCC-
ACAATGCCAGTTAAGAAGA-3; human VEFGR forward
primer 5-AGGGCAGAATCATCACGAAGT-3 and reverse
primer 5-AGGGTCTCGATTGGATGGCA-3; human HGFR
forward primer 5-AGCAATGGGGAGTGTAAAGAGG-3
and reverse primer 5-CCCAGTCTTGTACTCAGCAAC-3;
human PDGFR forward primer 5-TGGCAGTACCCCAT-
GTCTGAA-3 and reverse primer 5-CCAAGACCGTCA-
CAAAAAGGC-3; human FGFR forward primer 5-ACTAC-
ACCGAGGAAATGGGCT-3 and reverse primer 5’-CCCA-
CAATGCCAGTTAAGAAGA-3; human GAPDH forward
primer 5'-GGAGCGAGATCCCTCCAAAAT-3', reverse pri-
mer 5'-GGCTGTTGTCATACTTCTCATGG-3'. The expres-
sions of IL-1 F9 (Hs00219742_m1) and IL-1 F9R (Hs002136-
00_m1) were detected by using TaqMan primer sets (Applied
Biosystems, Foster City, CA) [14].

7. Enzyme-linked immunosorbent assay 

Cancer associated fibroblasts or BJ cells were seeded at the
density of 5105 cells per well. Forty-eight hours later, the
cells were washed twice with PBS and incubated with 2 mL
serum-free Dulbecco's modified Eagle's medium for 24
hours. Then the supernatants were collected and stored 
at –80°C for further use. The levels of IL-11 in the CM were
examined by using enzyme-linked immunosorbent assay
kits (R&D Systems Inc., Minneapolis, MN), according to the
manufacturer’s recommended protocol. Each experiment
was performed in triplicate.

8. Western blotting

Whole cell lysates were prepared from BGC823 or SGC-
7901 cells treated as previous designed and separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
at 100 V for 1 hour. Next, the separated proteins were trans-
ferred to NC membranes (Millipore, Billerica, MA). The sam-
ples were blocked with 5% bovine serum albumin (BSA) in
TBS containing 0.1% Tween-20 for 1 hour at room tempera-
ture and incubated overnight at 4°C with one of the follow-
ing antibodies: JAK (1:200, Abcam, Cambridge, UK), phospho
JAK (Ser473) (1:200, Abcam), STAT3 (1:300, Abcam), phospho
STAT3 (Tyr705) (1:300, Abcam), BCL-2 (1:200, Abcam),

GP130 (1:300, Abcam) and actin (1:500, Abcam). The samples
were washed with TBST and incubated with HRP-conju-
gated secondary antibodies for 1 hour at room temperature.
Proteins were visualized by ECL western blotting reagent
(Thermo Fisher).

9. Immunofluorescence staining

Tumor tissues were kept in 4% paraformaldehyde over-
night, then processed, embedded in paraffin, and sectioned
at 4 µm for further study. To detect the expression of JAK
and STAT3 in gastric cancer tissues, antigen retrieval was
done using citric acid and sodium citrate in a Microwave
oven (Media, Guangdong, China). Then the sections or gas-
tric cancer cells (fixed with 4% paraformaldehyde and per-
meabilized with 0.3% Triton X-100) were blocked with 5%
BSA in PBS and incubated with p-JAK (1:200, Abcam) or 
p-STAT3 (1:500, Abcam) at 4°C overnight, followed by sec-
ondary antibodies (Thermo Fisher) for 1 hour at room tem-
perature. Nuclei were stained with the DAPI solution (1
µg/mL). Confocal microscope (Olympus, Tokyo, Japan) was
used to visualize the sections.

10. Immunohistochemistry

The sections of tumors were incubated with IL-11 (1:500,
Abcam), IL-11 receptor (1:500, Abcam) or -smooth muscle
actin (-SMA; 1:500, Abcam) at 4°C overnight, followed by
signal amplification using an ABC HRP Kit (Thermo Fisher)
and counter-staining with hematoxylin, dehydration with 
series of graded ethanol and cleaned with xylene. Micro-
scope (Leica, Oskar-Barnack, Germany) was used to visual-
ize the sections.

11. TUNEL detection assay

To test cell death and proliferation in patients’ samples, the
sections of tumors were incubated with the mixture of ter-
minal deoxynucleotidyl transferase, nucleotide, and reaction
buffer as indicated by TUNEL Cell Death Detection Kit
(Roche, Basel, Switzerland). Apoptosis percentage was cal-
culated by percent of tumor cells with positive staining.

12. Animal protocols 

To evaluate the anticancer effects of ruxolitinib combined
with chemotherapeutic agents, SGC7901 cells (1106 per
mouse) were subcutaneous injected into the nude mice.
When the tumor volume reached 5 mm5 mm, PBS, ruxoli-
tinib (10 mg/kg), DDP (5 mg/kg), doxorubicin (5 mg/kg),
etoposide (10 mg/kg), and ruxolitinib (10 mg/kg) combined
with doxorubicin (5 mg/kg), DDP (5 mg/kg), etoposide (10
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Fig. 1.  Enriched cancer-associated-fibroblasts (CAFs) enhanced the resistance of gastric cancer cells to chemotherapy. Accu-
mulated CAFs in the chemotherapy-resistant gastric tumor sites and facilitate the resistance to chemotherapy drugs in gastric
cancer cells. (A) The percentage of the cancer-associated fibroblasts in samples from chemo-sensitive (CS) and chemo-resis-
tance (CR) gastric cancer patients was detected by flow cytometry. (B) The expression of the cancer-associated fibroblasts in
samples from CS and CR gastric cancer patients was detected by immunohistochemistry. (C-H) The cell viability of
SGC7901was detected after treated by different concentration of DDP (C), doxorubicin (D), and etoposide (E) pre-co-cultured
with or without CAFs by using MTT assay. The cell viability of BGC823 was detected after treated by different concentration
of DDP (F), doxorubicin (G), and etoposide (H) pre-co-cultured with or without CAFs by using MTT assay. The data was
presented as mean±standard error of mean from three independent experiments. ***p < 0.001.
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mg/kg) were used to treated the mice by tail intravenous 
injection every 2 days. Mice were treated for 3 weeks. To 
establish drug resistant animal models, SGC7901 cells (1106

per mouse) were subcutaneous injected into the nude mice.
When the tumor volume reached 5 mm5 mm, 50 ng IL-11
was injected into the mice by intratumor injection. After 4
days, PBS, ruxolitinib (10 mg/kg), DPP (5 mg/kg), doxoru-
bicin (5 mg/kg), etoposide (10 mg/kg), and ruxolitinib (10
mg/kg) combined with doxorubicin (5 mg/kg), DPP (5
mg/kg), etoposide (10 mg/kg) were used to treated the mice
by tail intravenous injection every 2 days. Mice were treated
for 3 weeks. Tumor growth was recorded with the length (L)
and width (W) of tumors by vernier calipers, and the tumor
volume (V) was calculated by the formula V=(LW2)/2. The
data was monitored every 2 days and the survival of tumor
bearing-mice was observed every day.

13. Statistical analysis

Results were presented as mean±standard error of mean
and statistical significance was examined by an unpaired Stu-
dent’s t test by the Graphpad 6.0 software (San Diego, CA).
Survival analysis was performed by Kaplan-Meier method
and evaluated using the log-rank test. p-value of < 0.05 was
considered as statistically significant.

14. Ethical statement

All studies were approved by the animal care and used
committee of laboratory animal monitoring of People’s Hos-
pital of Hangzhou Medical College. All the animal experi-
ments were approved by the IACUC in People’s Hospital of
Hangzhou Medical College.

Results

1. Enriched CAFs enhanced the resistance of gastric cancer
cells to chemotherapy

The tumor stroma consists of various elements including
CAFs, macrophages, lymphocytes and extracellular matrix,
which are involved in the tumor initiation, metastasis, 
acquiring drug resistance and so forth [15,16]. Among these,
CAFs is reported as an important component to mediate
drug resistance [17,18]. To assess the expression landscape
of CAFs in gastric cancer, we isolated fibroblasts from clinical
gastric cancer patients’ samples resistant or sensitive to
chemotherapy, and the CAFs are labeled as CD90+ by flow
cytometry. We found that the percentage of CAFs in samples

from chemo-resistant tissues was significantly higher com-
pared with samples from chemo-sensitive tissues (Fig. 1A).
The higher expression of CAFs in chemo-resistant tissues
was also verified using -SMA (Fig. 1B). These data indicated
that the enriched CAFs may be involved in the process of
gastric cancer cells chemo-resistance development. Herein,
we isolated the CAFs from the tumor tissues and treated gas-
tric cancer cell lines, BGC823 and SGC7901, with clinical
chemotherapeutic agents (doxorubicin, DDP, and etoposide)
after co-culture with or without those CAFs. We observed
that the gastric cancer cells were more resistant to chemother-
apeutic drugs in the CAFs co-culture conditions compared
to monoculture (Fig. 1C-H). These data suggested that CAFs
in gastric tumor sites result in the cancer cells drugs resist-
ance development.

2. CAFs regulated chemo-resistance via the secretion of 
IL-11

Current thinking suggests that CAFs are capable of remod-
eling the surrounding cells through secreting soluble factors
[5,19]. In line with this concept, we added the conditioned
medium from CAFs to the gastric cancer cells followed by
chemotherapeutic drugs treatment respectively. And we 
observed enhanced drug resistance in BGC823 cells treated
with the CAFs-CM compared with control monoculture 
(Fig. 2A). Similar results were obtained when tested with
SGC7901 (Fig. 2B), indicating that CAFs mediated chemo-
resistance of gastric cancer cells through soluble factors. To
further investigate the exact cytokines of CAFs-induced 
resistance, we screened the expressions of major cytokines
(IL-11, stromal cell-derived factor-1, hepatocyte growth fac-
tor, fibroblast growth factor, platelet-derived growth factor,
vascular endothelial growth factor, and IL-1 F9) by CAFs and
normal fibroblasts. And we observed that the expression of
IL-11 was significantly higher in CAFs than that from normal
samples (nearly 90-fold), while no significant different expre-
ssion of the other cytokines was observed (Fig. 2C and D).
Correspondingly, the IL-11 receptor had higher expression
in SGC7901 cells co-cultured with CAFs-CM compared with
monoculture (Fig. 2E). Based on these data, we hypothesized
that IL-11 may work as a key player to mediate drug resist-
ance in gastric cancer cells. So, we applied gradient recom-
binant human IL-11 to pre-treat BGC823 and SGC7901 cells
followed by chemo-therapeutic drugs treatment. We found
that rhIL-11 significantly enhanced the drug resistance in a
dose dependent manner (S1A and S1B Fig.). To further verify
this, we treated BGC823 cells with CAFs-CM or recombinant
human IL-11 in the presence or absence of IL-11 neutralizing
antibody. In line with our hypothesis, BGC823 cells treated
with IL-11 or CAFs-CM showed enhanced drug resistance
while the addition of IL-11 neutralizing antibody in CAFs-
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CM reversed the acquired drug resistance in gastric cancer
cells (Fig. 2F). And testing SGC7901 cells achieved parallel
results (Fig. 2G). While knocking down IL-11 receptor 
reversed the drug resistance (S1C and S1D Fig.). To further
demonstrate the acquired drug resistance of gastric cancer
cells induced by the IL-11, we injected CAFs-CM, recombi-
nant human IL-11, CAFs-CM combined with IL-11 neutral-
izing antibody into the gastric tumor-bearing mice. Then we
treated the mice with doxorubicin by tail vein injection. 

Interestingly, we observed that co-injecting with CAFs-CM
or rhIL-11 remarkably suppressed the doxorubicin efficacy
to inhibit tumor volume, while addition of IL-11 neutralizing
antibody in CAFs-CM reversed the drug resistance (Fig. 2H).
In consistent, combining doxorubicin with IL-11 neutralizing
antibody prolonged the survival time of mice (Fig. 2I), which
is in line with our results in vitro. Together, these data sug-
gested that IL-11 secreted by CAFs is involved in the gastric
cancer cells to acquire chemo-resistance. Moreover, we 

Fig. 2.  Cancer-associated-fibroblasts (CAFs) regulated chemo-resistance through secreting interleukin 11 (IL-11). The effect
of CAFs on the sensitivity of gastric cancer cells to chemotherapy drugs was examined by using MTT assay. (A) The cell 
viability of BGC823 cells treated with 10 µg/mL DDP, 200 µM etoposide, and 20 µM doxorubicin, respectively with or without
CAFs medium (CM) pretreated. Dox, doxorubicin; Eto, etoposide. (B) The cell viability of SGC7901 cells treated with 8 µg/mL
DDP, 200 µM etoposide, and 20 µM doxorubicin. respectively with or without CM pretreated. (C) The mRNA expression of
IL-11, SDF-1, HGF, FGF, PDGF, VEGF, and IL-1F9 in normal fibroblast and CAFs. (D) The expression of IL-11R in normal 
fibroblast and CAFs was detected by using enzyme-linked immunosorbent assay. (E) The mRNA expression of IL-11R,
VEGFR, PDGFR, HGFR, CXCR4, SDF-1R, and IL-1F9R in SGC7901 cells with or without CAFs co-cultured. (Continued to the
next page)
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Fig. 2.  (Continued from the previous page) (F) The cell viability of BGC823 cells treated with 10 µg/mL DDP, 200 µM etoposide,
and 20 µM doxorubicin, respectively with or without CAFs or rhIL-11 (10 ng/mL) pre-co-cultured in the presence or absence
of IL-11 neutralizing antibody (25 µg/mL). (G) The cell viability of SGC7901 cells treated with 8 µg/mL DDP, 200 µM etopo-
side, and 200 µM doxorubicin, respectively with or without CAFs or rhIL-11 (10 ng/mL) pre-co-cultured in the presence or
absence of IL-11 neutralizing antibody (25 µg/mL). (H) The tumor volume of NOD-SCID mice bearing SGC7901 cells 
co-injected with CAFs-CM (50 µL 10 CM) or IL-11 (2.5 µg/kg) treated by doxorubicin in the presence or absence of IL-11
neutralizing antibody (0.05 mg/kg). (I) The survival curve of NOD-SCID mice bearing SGC7901 cells co-injected with CAFs-
CM (50 µL 10 CM) or IL-11 treated by doxorubicin in the presence or absence of IL-11 neutralizing antibody (0.05 mg/kg).
(J) Expression of IL-11 in gastric cancer tissues from chemo-sensitive and chemo-resistant patients. The data was presented
as the mean±standard error of mean from three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 3.  Interleukin 11 (IL-11)/IL-11R signaling pathway induced the chemo-resistance through JAK/STAT3 pathway. (A)
Immunofluoresence of p-JAK2 in BGC823 and SGC7901 cells pre-treated with or without cultured medium of cancer-asso-
ciated-fibroblasts (CAFs-CM)/rhIL-11 in the presence or absence of IL-11 neutralizing antibody. (B) Immunofluoresence of
p-STAT3 in BGC823 and SGC7901 cells pre-treated with or without CAFs-CM/rhIL-11 (10 ng/mL) in the presence or absence
of IL-11 neutralizing antibody (25 µg/mL). (Continued to the next page)
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Fig. 3.  (Continued from the previous page) (C) Western blotting of p-JAK2, total JAK2 and -actin in BGC823 and SGC7901
cells pre-treated with or without CAFs-CM/rhIL-11 (10 ng/mL) in the presence or absence of IL-11 neutralizing antibody
(25 µg/mL). (D) Western blotting of p-STAT3, total STAT3, and -actin in BGC823 and SGC7901 cells pre-treated with or
without CAFs-CM/rhIL-11 (10 ng/mL) in the presence or absence of IL-11 neutralizing antibody (25 µg/mL). (E) The cell
viability of BGC823 cells treated with 6 µg/mL DDP, 6 µM etoposide, and 6 µM doxorubicin respectively with or without
CAFs-CM or rhIL-11 (10 ng/mL) pre-co-cultured in the presence or absence of ruxolitinib (5 µM). PBS, phosphate buffered
saline; Dox, doxorubicin; Eto, etoposide. (F) The cell viability of SGC7901 cells treated with 4 µg/mL DDP, 6 µM etoposide,
and 6 µM doxorubicin respectively with or without CAFs-CM or rhIL-11 (10 ng/mL) pre-co-cultured in the presence or 
absence of ruxolitinib (5 µM). (Continued to the next page)
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observed enhanced IL-11 and IL-11 receptor expression in
tumor tissues from chemo-resistant gastric patients com-
pared to the samples from chemo-sensitive gastric patients
(Fig. 2J and S1E Fig.). And the expression of IL-11 and IL-11R
expression has no influence to the cell survival or apoptosis
in tumor tissues (S1F and S1G Fig.). Above data reminded
us that accumulated CAFs participate in the drug resistance
of gastric cancer cells through the secretion of IL-11.

3. IL-11/IL-11R signaling pathway induced the chemo-
resistance through JAK/STAT3 pathway

In tumor microenvironment, cytokines are often character-
ized as functional redundancy and tissue-specific activities
[20,21]. Current studies have shown that over-activated 
IL-11 contributed to the activation of the gp130 through bind-
ing to its receptor in solid tumors [6,11], which afterwards
activated JAK/STAT3 pathway that was involved in regu-
lating angiogenesis, metastasis, resistance to apoptosis, cell
proliferation, and immune evasion [22]. Herein, we sup-
posed that IL-11 might participate in the drug resistance 
development through the activation of JAK/STAT3 path-
ways. So we detected the p-JAK and p-STAT3 expression in
BGC823 and SGC7901 cells treated with CAFs-CM, rhIL-11,
and CAFs-CM combined with IL-11 neutralizing antibody.
Increased expression of p-JAK and p-STAT3 was observed
in cells treated with CAFs-CM or rhIL-11 while the addition
of IL-11 neutralizing antibody in CAFs-CM reversed the phe-

nomenon in both BGC823 and SGC7901 cells (Fig. 3A and B),
indicating that IL-11 might activate the JAK/STAT3 pathway
in gastric cancer cells. To further expound the signaling path-
way induced by IL-11, we detect the expression of GP130,
JAK, and STAT3 by western blotting and found the activa-
tion of GP130/JAK/STAT3 signaling pathway under the
condition of CAFs-CM or rhIL-11 treatment, while adding
IL-11 neutralizing antibody reversed the phenomenon in
both BGC823 and SGC7901 cells (Fig. 3C and D).

As phosphoraltion of JAK/STAT3 reflects the active form,
these data suggested that JAK/STAT3 signaling may be a
key player in the IL-11 induced drug resistance. In support
of this idea, JAK inhibitor (ruxolitinib) or shSTAT3 was used
to detect the acquired drug resistance maintain induced by
the IL-11. And we found that the inhibition of JAK or knock-
down of STAT3 reversed the drug resistance induced by 
IL-11 co-culture in both BGC823 and SGC7901 cells when
treated with DDP, doxorubicin, and etoposide (Fig. 3E-H).
Collectively, these results reminded us that the JAK/STAT3
signaling pathway activation may work as an important
player in IL-11/IL-11R axis induced drug resistance in gastric
cancer cells.

4. IL-11 triggers the JAK/STAT3 pathway to elevate Bcl2 
expression

A diverse range of molecular mechanisms have been 
implicated in drug resistance, including cancer cells dor-

Fig. 3.  (Continued from the previous page) (G) The cell viability of BGC823 cells treated with 6 µg/mL DDP, 6 µM etoposide,
and 6 µM doxorubicin respectively with or without CAFs-CM or rhIL-11 (10 ng/mL) pre-co-cultured in the wild type or 
shSTAT3 cells. (H) The cell viability of SGC7901 cells treated with 4 µg/mL DDP, 6 µM etoposide, and 6 µM doxorubicin 
respectively with or without CAFs-CM or rhIL-11 (10 ng/mL) pre-co-cultured in the wild type or shSTAT3 cells. The data
was presented as the mean±standard error of mean from three independent experiments. **p < 0.01.
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mancy, genes damage repair, overexpression of multi-drugs
resistant proteins and so on. Anti-apoptotic family members
have also been identified as a central regulator in cancer drug
resistance development [23,24]. Among anti-apoptosis pro-
teins family, Bcl2 plays an important role in cell anti-apop-
tosis activities and is overexpressed in various malignant
tumors. To determine whether Bcl2 participate in the drugs
resistance development in gastric cancer cells induced by 
IL-11, we treated BGC823 and SGC7901 cells with CAFs-CM

or rhIL-11 and we found the expression of Bcl2 was signifi-
cantly higher in the presence of CAF-CM and rhIL-11 in both
mRNA and protein levels. And addition of IL-11 neutralizing
antibody in CAFs-CM results in the down-regulation of Bcl2
respectively (Fig. 4A and B), suggesting that Bcl2 may be 
involved in the drug resistance induced by IL-11 in gastric
cancer. For this, we used the siRNA to knocked down the 
expression of Bcl2 and detect the drug resistance in gastric
cancer cells treated with CAFs-CM or rhIL-11. CAFs-CM or

Fig. 4.  Interleukin 11 (IL-11) triggers the JAK/STAT3 pathway to elevate Bcl2 expression. (A) The expression of Bcl2 in
BGC823 and SGC7901 cells treated with cultured medium of cancer-associated-fibroblasts (CAFs-CM) or rhIL-11 in the pres-
ence or absence of ruxolitinib (5 µM) in mRNA level. (B) The expression of Bcl2 in BGC823 and SGC7901 cells treated with
CAFs-CM or rhIL-11 (10 ng/mL) in the presence or absence of ruxolitinib (5 µM) in protein level. (C) The cell viability of
BGC823 cells treated with CAFs-CM or rhIL-11 in wild type or Bcl2 silenced cells. (D) The cell viability of SGC7901 cells
treated with CAFs-CM or rhIL-11 in wild type or Bcl2 silenced cells. PBS, phosphate buffered saline; Dox, doxorubicin; Eto,
etoposide. The data was presented as the mean±standard error of mean from three independent experiments. **p < 0.01. 
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Fig. 5.  Blockade interlukin (IL)-11/IL-11R signal relieves chemotherapy drug resistance in gastric cancer. (A) The mean
tumor volume of NOD-SCID mice bearing SGC7901 cells implants in phosphate buffered saline (PBS), doxorubicin, ruxoli-
tinib, or doxorubicin combing ruxolitinib (left); the long-term survival of tumor bearing mice treated with PBS, doxorubicin,
ruxolitinib, or doxorubicin combing ruxolitinib (right). Eto, etoposide; Dox, doxorubicin. (B) The mean tumor volume of
NOD-SCID mice bearing SGC7901 cells implants in PBS, etoposide, ruxolitinib, or etoposide combing ruxolitinib (left); the
long-term survival of tumor bearing mice treated with PBS, etoposide, ruxolitinib, or etoposide combing ruxolitinib (right).
(C) The mean tumor volume of NOD-SCID mice bearing SGC7901 cells implants in PBS, DDP, ruxolitinib, or DDP combing
ruxolitinib (left); the long-term survival of tumor bearing mice treated with PBS, DDP, ruxolitinib, or DDP combing ruxolitinib
(right). (Continued to the next page)
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Fig. 5.  (Continued from the previous page) (D) The mean tumor volume of NOD-SCID mice bearing SGC7901 cells injected
with rhIL-11 and then treated with PBS, doxorubicin, ruxolitinib, or doxorubicin combing ruxolitinib (left); the long-term
survival of NOD-SCID mice bearing SGC7901 cells injected with rhIL-11 (2.5 µg/kg) and then treated with PBS, doxorubicin,
ruxolitinib, or doxorubicin combing ruxolitinib (right). (E) The mean tumor volume of NOD-SCID mice bearing SGC7901
cells injected with rhIL-11 (2.5 µg/kg) and then treated with PBS, etoposide, ruxolitinib, or etoposide combing ruxolitinib
(left); the long-term survival of NOD-SCID mice bearing SGC7901 cells injected with rhIL-11 and then treated with PBS,
etoposide, ruxolitinib, or etoposide combing ruxolitinib (right). (F) The mean tumor volume of NOD-SCID mice bearing
SGC7901 cells injected with rhIL-11 (2.5 µg/kg) and then treated with PBS, DDP, ruxolitinib, or DDP combing ruxolitinib
(left); the long-term survival of NOD-SCID mice bearing SGC7901 cells injected with rhIL-11 and then treated with PBS,
DDP, ruxolitinib, or DDP combing ruxolitinib (right). (Continued to the next page)
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rhIL-11 pre-treatment significantly enhanced the resistance
of BGC823 and SGC7901 cells to DDP, doxorubicin and
etoposide, while silencing Bcl2 effectively reversed the drug
resistance (Fig. 4C and D). Together, these data suggested
that Bcl2 may work as the downstream of IL-11/JAK/STAT3
pathway to participate in the process of acquiring drug 
resistance in gastric cancer.

5. Blockade of IL-11/IL-11R signal relieves chemotherapy
drug resistance in gastric cancer  

Next, we investigated the effect of IL-11 on JAK/STAT3/
Bcl2 pathway induced drug resistance in vivo. Here, we gen-
erated the mice models bearing SGC7901 cells model and
treated with doxorubicin, ruxolitinib (JAK inhibitor) or the
combination. We found that doxorubicin or ruxolitinib alone
could slightly inhibit the tumor growth, while the combina-

tion remarkably slowed the tumor growth (Fig. 5A, left). In
consistent, combining doxorubicin with ruxolitinib signifi-
cantly prolonged survival time compared to control group,
while monotherapy had slight effect (Fig. 5A, right). Simi-
larly, we found that DDP/etoposide or ruxolitinib alone
could slightly inhibit the tumor growth, while the combina-
tion remarkably slowed the tumor growth (Fig. 5B and C,
left). In consistent, combining DDP/etoposide with ruxoli-
tinib significantly prolonged survival time compared to con-
trol group, while monotherapy had slight effect (Fig. 5B and
C, right). These results suggested that blocking IL-11/JAK/
STAT3 pathway may be helpful to enhance the chemothera-
peutic effect for gastric cancer.

Further, we generated the xenograft mouse bearing
SGC7901 cells model. Then IL-11 was injected into the mice
by intratumor injection. After four days, mice were treated
with doxorubicin, ruxolitinib, or the combination. The IL-11
treated mice showed significantly resistant to the doxoru-
bicin, while combining doxorubicin with ruxolitinib success-
fully slowed the tumor growth (Fig. 5D, left). In consistent,
combining doxorubicin with ruxolitinib significantly pro-
longed survival time, while monotherapy had limited effect
compared to control group (Fig. 5D, right). Similar results
were achieved when treated NOD-SCID mice bearing SGC-
7901 cells model with DDP and Etoposide combined with or
without ruxolitinib (Fig. 5E and F). These data suggested the
potential therapeutic value of ruxolitinib combining with
chemotherapy drugs in gastric cancer treatment.

Discussion

In our study, we found a subpopulation of CAFs existing
in gastric cancer tissues, which play a crucial role in devel-
opment of multi-drug resistance of gastric cancer. It has been
reported that CAFs could participate in various tumor
progress, including cancer stemness maintain, cancer metas-
tasis, activation of pro-survival signaling pathway, and so on
[25]. Here, we showed that CAFs facilitate the resistance of
gastric cancer to multiple chemotherapeutic agents via 
secreting IL-11 and activation of IL-11/JAK/STAT3/Bcl2 sig-
naling pathway. The IL-11 produced by CAFs activates the
JAK signaling by binding to the membrane receptor IL-11R,
leading to the GP130 expression. The activated GP130 trig-
gered the phosphorylation of JAK, which then resulted in the
activation of transcription factor STAT3. Then the phospho-
rylated STAT3 up-regulated the anti-apoptosis factor Bcl2 
expression, resulting in the drug resistance development in
gastric cancer (Fig. 5G).

A series of crucial factors are believed to be associated with

Fig. 5.  (Continued from the previous page) (G) The schematic
diagram of drug resistance development induced by 
IL-11 in gastric cancer cells. The data was presented as the
mean±standard error of mean from three independent 
experiments. **p < 0.01, ***p < 0.001.
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the development of multi-drugs resistance in cancer, such as
up-regulation of ABC transporters, DNA damages repair, 
rebalance of anti-apoptosis or pro-apoptosis regulators and
various constituents in tumor microenvironment [26]. It has
been demonstrated that the microenvironment could orches-
trate the tumor progress by recruitment of inflammatory cells
and secretion of pro-survival cytokines, leading to the pro-
motion of tumor growth and drug resistance development
[27]. However, traditional cancer therapy focuses on the 
inhibition of tumor cell proliferation but ignoring the tumor
microenvironment elements [28]. Previous studies had 
attempts to reverse the drug resistance in cancer treatments,
including the application of chemo-sensitizers [29], combi-
nation of several chemotherapeutic agents and so on [30],
which was demonstrated to be capable of reversing the drug
resistance and suppressing the tumor growth in early stage.
However, recent studies indicated that the tumor microen-
vironment could induce the drug resistance in tumor tissues
and the cancer cells could reacquire the drug resistance
under appropriate microenvironment [31]. Herein, innova-
tive strategy to target the tumor microenvironment is an 
urgent demand for the clinic cancer treatment.

CAFs, an important element in tumor microenvironment,
have been demonstrated to secret various cytokines to par-
ticipate in the tumor growth and metastasis [32]. However,
the mechanisms of the CAFs induced tumor progressions are
still remained to be unclear. Our studies firstly demonstrated
that CAFs could facilitate the gastric cancer drug resistance
development through the secretion of IL-11. A recent study
showed that activation phosphoinositide 3-kinase signal is
associated with the IL-11 induced the tumor growth enhan-
cement [33]. And recent studies proved that IL-11 also serves

as tumor-promoting cytokines in colon cancer through the
activation of GP130 receptor [34]. Here, we revealed that the
Bcl2 up-regulation in gastric cancer results in the drug resist-
ance, which is induced by the activation of JAK/STAT3 sig-
naling pathway. Furthermore, Ruxolitinib, a JAK signaling
inhibitor, could serve as a potential agent to block the IL-11/
IL-11R paracrine pathway induced by CAFs and be com-
bined with multiple chemotherapeutic agents to effectively
reverse the drug resistance and inhibit gastric cancer pro-
gression.

In conclusion, our results described a novel role of CAFs
and IL-11 in drug resistance of gastric cancer. Our findings
validated that CAFs could regulate the drug resistance in a
paracrine manner through IL-11/JAK/STAT3/BCL2 signal-
ing pathway. And the combination of IL-11R inhibitor and
chemotherapeutic agents might be explored as a potential
strategy to gastric cancer therapy.
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