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Abstract
AIM: To investigate the relationship between Interleu-
kin-8 (IL-8) and proliferation, adhesion, migration, inva-
sion and chemosensitivity of gastric cancer (GC) cells.

METHODS: The IL-8 cDNA was stably transfected into 
human GC cell line MKN-45 and selected IL-8-secreting 
transfectants. The expression of IL-8 in human GC 
cell line KATO-Ⅲ was inhibited by RNA interference. 
The expressions of mRNA and protein of IL-8 in GC 
cells were detected by real-time reverse transcription-
polymerase chain reaction or enzyme-linked immuno-
sorbent assay (ELISA).

RESULTS: The overexpression of IL-8 resulted in an 
increased cell adhesion, migration and invasion, and 

a significant resistance to oxaliplatin in MKN-45 cells. 
Inhibition of IL-8 expression with small interfering RNA 
decreased the adhesion, migration and invasion func-
tions and oxaliplatin resistance in KATO-Ⅲ cells. IL-8 
increased NF-κB and Akt activities and adhesion mol-
ecules ICAM-1, VCAM-1, and CD44 expression in GC 
cells. 

CONCLUSION: Overexpression of IL-8 promotes the 
adhesion, migration, invasion, and chemoresistance of 
GC cells, indicating that IL-8 is an important therapeutic 
target in GC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer (GC) is still a serious health problem and 
remains the second most common type of  fatal cancer 
worldwide[1,2]. GC is one of  the most aggressive tumors 
and is frequently associated with lymph node metastasis, 
peritoneal dissemination and hematogenous metastasis.

Interleukin-8 (IL-8), a cytokine of  the CXC chemo-
kine family that was originally classified as neutrophil 
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chemoattractant, is now reported to play an important 
role in tumor progression and metastasis in a variety 
of  human cancers[3]. It has been suggested that tumor 
cells produce IL-8 as an autocrine growth factor, which 
promotes tumor growth, tissue invasion and metastatic 
spread[4,5]. Moreover, IL-8 expression correlates with 
vascularity in gastric carcinoma[6]. In human moderately 
differentiated gastric adenocarcinoma cancer cell line 
SCG-7901[7] and poorly differentiated adenocarcinoma 
cancer cell line TMK-1[8], constitutive expression of  IL-8 
has been linked to tumorigenesis and angiogenesis in vitro 
and in vivo. However, the exact role of  IL-8 in the pro-
gressive tumorigenesis of  GC remains unclear.

The purpose of  this study was to provide evidence 
for the role of  IL-8 in determining the migration, inva-
sion and chemosensitivity of  human GC. We found that 
expression of  IL-8 participated in the migration and in
vasion and was correlated with oxaliplatin resistance of  
GC cells in vitro. This study may provide the basis for the 
development of  new therapies for GC by increasing che-
mosensitivity and decreasing the proliferation, migration 
and invasion of  the cancer cells.

MATERIALS AND METHODS
Cell culture
Human GC cell lines MKN-45, and KATO-Ⅲ, and hu-
man umbilical vein endothelial cells (HUVECs) were 
purchased from the cell bank of  Chinese Academy of  
Sciences (Shanghai, China). GC cells were cultured in 
RPMI-1640 medium (Invitrogen, United States) supple-
mented with 10% fetal bovine serum (FBS) (Invitrogen), 
100 IU/mL penicillin and 100 μg/mL streptomycin (In-
vitrogen). HUVECs were cultured in Human Endotheli-
al-SFM (Invitrogen). Cells were maintained at 37 ℃ in a 
humidified chamber containing 5% CO2.

Stable overexpression of interleukin-8 in MKN-45 cells
The empty plasmid vector pcDNA3.1 (Invitrogen) or the 
plasmid vector containing IL-8 cDNA was transfected 
into MKN-45 cells using Lipofectamine 2000 (Invitro-
gen). Multiple clones were selected in the presence of   
0.75 mg/mL G418. IL-8-transfected clones were screened 
for IL-8 expression. Stably transfected clones were picked 
and maintained in the medium containing 0.1 mg/mL 
G418. To avoid clonal variations, six positive clones were 
pooled for further studies.

Stable knockdown of interleukin-8 in KATO-Ⅲ cells
The DNA sequence of  RNAi of  IL-8 was designed to 
hybridize and destroy human IL-8 mRNA (accession no. 
NM_000584) using the Web- based siRNA target finder 
and design tool provided at the Ambion website (Am-
bion). The DNA sequence of  RNAi of  IL-8 (sense, 5’
-ACCACCGGAAGGAACCAUCdTdT-3’; antisense, 5’
-GAUGGUUCCUUCCGGUGGUdTdT-3’) was synthe-
sized and cloned into the pSilencer 2.1-U6 neo (Ambion) 
according to the manufacturer’s instructions. The human 

specific negative control siRNA was also designed with 
the sequences asfollows: sense: 5’-UUCUCCGAACGU-
GUACGUdTdT-3’; antisense: 5’-ACGUGACACGUUC-
GGAGAAdTdT-3’.

The negative control siRNA vector or the vector contain-
ing RNAi sequence of  IL-8 was transfected into KATO-Ⅲ  
cells using Lipofectamine 2000. Multiple clones were se-
lected in the presence of  0.4 mg/mL G418. IL-8-RNAi 
clones were screened for IL-8 expression. Stable RNAi 
clones were picked and maintained in the medium con-
taining 0.1 mg/mL G418. To avoid clonal variations, six 
positive clones were pooled for further studies.

Enzyme-linked immunosorbent assay
Enzyme-linked immunosorbent assays (ELISAs) were per
formed using commercial IL-8 ELISA kits from R and 
D Systems. Cells (1 × 106 cells per well) were plated in a 
6-well plate and incubated at 37 ℃ for 72 h. An equal vol-
ume of  cell culture supernatants was collected. The assays 
were done in triplicate, and the concentration of  IL-8 in 
culture supernatants was determined by comparing their 
optical density with the standard curve.

3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide assay
Cells growing exponentially were plated in 96-well plates 
at a density of  1 × 105 cells per well for 7 d. One hundred 
microliters of  3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) stock solution (1 mg/mL) 
was added to each well daily, and the cells were further 
incubated at 37 ℃ for 4 h. The supernatant was discard-
ed and 200 µL dimethyl sulfoxide was added. When the 
precipitates were completely dissolved, the absorbance at 
wavelength 595 nm was measured with a micro-ELISA 
reader.

Growth inhibition assay
Growth inhibition was measured as previously describ
ed[9]. Cells were trypsinized and seeded at 1 × 104 cells 
per well in 96-well plates. After 24 h, cells were exposed 
to oxaliplatin (Sigma, St. Louis, MO) for 72 h, at stepwise 
concentrations from 0 μg/mL to 10 μg/mL. The cells 
were quantified as described in MTT assay, to calculate 
the mean cell growth inhibition.

Cell adhesion assay
To measure the cell adhesion, monolayer adhesion assay 
and extracellular matrix component (ECM) adhesion as-
say were performed. For the monolayer adhesion assay, 
HUVECs were seeded onto 24-well plates (1 × 105 cells/
well) 48 h before adhesion assay. Cells (1 × 105 cells/well) 
were seeded onto HUVEC monolayers and incubated 
at 37 ℃. After 2 h, non-adherent cells were removed by 
washing with phosphate-buffered saline (PBS).

For ECM adhesion assay, 96-well plates were coated 
with human fibronectin (BD Biosciences) at a final con-
centration of  2 µg/cm2 overnight at 4 ℃. Plates were 
washed with 1% bovine serum albumin in PBS to block 
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nonspecific cell adhesion. Cells were seeded and incu-
bated for 2 h. Nonadherent cells were washed up to three 
times with PBS.

The adherent cells were quantified as described in MTT  
assay, to calculate the mean cellular adhesion capability. 
The absorbance at 570 nm was measured by the ELX-800 
ELISA plate reader (Bio-Tek Instruments, Winooski, VT). 
After subtracting background absorbance, results were 
calculated as the mean cellular adhesion rate.

Cell migration assay
To measure the cell migration activity, Transwell and wound 
-healing assays were performed. The Transwell cell migra-
tion assay was performed as previously described[10] using 
Transwells (8 μmol/L pore size polycarbonate membrane) 
obtained from Corning. Cells (1 × 105) in 0.5 mL serum-
free medium were placed in the upper chamber, whereas 
the lower chamber was loaded with 0.8 mL medium con-
taining 10% FBS. The total number of  cells that migrated 
into the lower chamber was counted after 24 h of  incu-
bation at 37 ℃ with 5% CO2. Nonmigratory cells were 
removed. Migratory cells were stained with 0.2% crystal 
violet in 10% ethanol. To quantitate migratory cells, three 
independent fields of  migratory cells per well were pho-
tographed under phase contrast microscope. The number 
of  cells per field was counted and averaged.

To carry out the wound-healing assay, cells (5 × 105 
cells per well) were plated in 6-well plates. After 24 h, the 
confluent monolayer cells were scratched manually with 
a plastic pipette tip, and after being washed with PBS, 
wounded monolayers of  the cells were allowed to heal 
for 12-24 h. Each migration assay was done for at least 
three times independently.

Cell invasion assay
Cell invasion was measured using 8-μm pore BD Bio-
Coat Matrigel Invasion Chambers (BD Biosciences) ac-
cording to the manufacturer’s instructions. Cells (2.5 × 
105) were added to chambers and incubated for 24 h at 
37 ℃. Matrigel and noninvasive cells were removed and 
chambers were stained as described above. To quantitate 
invasive cells, three independent fields of  invasive cells 
per well were photographed under phase contrast micro-
scope. The number of  cells per field was counted and av-
eraged. Each invasion assay was done at least three times 
independently.

RNA isolation and reverse transcription polymerase 
chain reaction 
Total RNA was purified from cells using a Trizol reagent 
(Life Technol-ogies). First-strand cDNA was synthesized 
using 2.5 µg RNA and AMVretroviridase (Promega). 
Quantitative real-time polymerase chain reaction (PCR) 
was performed using the Bio-Rad iCycler iQ real-time PCR 
system (Bio-Rad) and following primers: IL-8, IL8-L: 5’
-ATGACTTCCAAGCTGGCCGTGGCT-3’; IL8-R: 5’
-TCTCAGCCCTCTTCAAAAACTTCT-3’. As a control, 
each cDNA sample was simultaneously subjected to glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) using 

the primers: GAPDH-L: 5’-CCACCCATGGCAAATTCC 
ATGGCA-3’; GAPDH-R: 5’-TCTAGACGGCAGGTCA 
GGTCCACC-3’. The threshold cycle (Ct) of  each sample 
was determined, and the relative level of  a transcript (2ΔCt) 
was calculated by obtaining ΔCt (test Ct - GAPDH Ct) 
and then expressed as arbitrary units (1/2ΔCt 1 × 100) = 
fold difference.

Protein isolation and Western blotting
Cells at 80% culture confluence were harvested for West-
ern blotting analysis. The harvested cells were lysed and 
their protein concentrations were determined using a 
bicinchoninic acid protein assay (Pierce, Rockford, IL). 
The cell lysates (50 μg protein each lane) were sepa-
rated by 10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and were transferred to nitrocellulose 
membranes (Hyclone, Logan, UT). The membranes were 
blocked with 5% (v/v) skim milk and probed with pri-
mary antibody at 4 ℃ overnight. Following washing, the 
membranes were incubated with horseradish peroxidase-
conjugated secondary antibody at room temperature 
for 1 h. Primary antibodies were specific for phospho-
NF-κB-p65, NF-κB-p65, phospho-Akt, Akt, ICAM-1, 
VCAM-1, CD44, and β-actin (Cell Signaling Technology, 
Inc., Danvers, MA). The bound antibodies were visual-
ized using an electrochemiluminescence system (Am-
ersham Pharmacia Biotech, Buckinghamshire, United 
Kingdom).

Statistical analysis
Data were presented as means ± SE. Differences of  the 
variables between groups were analyzed by Student’s t test. 
Differences were considered significant when P < 0.05.

RESULTS
Stable overexpression and silencing expression of 
interleukin-8 in gastric cancer cells
To investigate the effect of  IL-8 in GC, the mRNA ex-
pression of  IL-8 was quantified in three GC cells (Figure 
1A). MKN-45 cell lines had lower expression of  IL-8 in 
comparison with KATO-Ⅲ cells, which is consistent with 
a previous study by Kitadai et al[11]. To increase the IL-8 
expression, MKN-45 cells were stably transfected with 
full-length IL-8 expression construct. The RNAi tech-
nology was employed in order to stably silence the IL-8 
expression in KATO-Ⅲ cells.The mRNA expression of  
IL-8 in cells was examined by real-time PCR. The ELISA 
assay was performed to quantify secreted IL-8 present 
in the cell culture medium. After transfection and G418 
selection, IL-8 mRNA expression level in the stably IL-8 
transfected MKN-45 cells (MKN-45-IL8) was 25.6-folds 
higher than in MKN-45 cells (Figure 1A). As shown in 
Figure 1B, the secretion levels of  IL-8 in MKN-45-IL8 
cells were 18.4-folds higher than in MKN-45 cells. En-
dogenous IL-8 mRNA expression and protein secretion 
levels were significantly lowered by RNAi in KATO-Ⅲ cells 
(KATO-Ⅲ-IL8-RNAi) when compared with control trans-
fections (KATO-Ⅲ-NCi) and KATO-Ⅲ cells (Figure 1).

Kuai WX et al . IL-8 and tumorigenesis of gastric cancer
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I������������� ���������������� �������� �������������� ��� ��������nterleukin-8� ���������������� �������� �������������� ��� �������� insignificantly affects proliferation of gastric 
cancer cells
Since IL-8 has been reported to be an autocrine growth 
factor[12], we examined its role in the growth of  human 
GC cells. Overexpression or silencing expression of  IL-8 
in GC cells had insignificant effect on cancer cell prolif-
eration as measured by the MTT assay (data not shown).

I������������������������������������������������������������      nterleukin-8������������������������������������������������       increases resistance to oxaliplatin in gastric 
cancer cells
Previous reports indicated that increased IL-8 was associ-

ated with chemoresistance, such as oxaliplatin[13-15]. To in-
vestigate whether IL-8 is associated with chemosensitivity 
in GC cells, the effects of  IL-8 expression on oxaliplatin 
sensitivity in IL-8-overexpressed MKN-45-IL8 cells and 
IL-8-silenced KATO-Ⅲ-IL8-RNAi cells were tested us-
ing growth inhibition analyses.

As shown in Figure 2, MKN-45-NC and KATO-Ⅲ
-NCi cells were sensitive to oxaliplatin. In MKN-45-IL8 
cells, the survival rate significantly increased than in the 
control cells (P < 0.05) after treatment with oxaliplatin at 
the concentrations from 0.1 μg/mL to 10 μg/mL (P < 
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Figure 1  Interleukin-8 expression of gastric cancer cells. A: Real-time polymerase chain reaction determined the level of Interleukin-8 (IL-8) mRNA in gastric cancer (GC) 
cells. Expression levels were determined by the ∆∆Ct method using glyceraldehyde-3-phosphate dehydrogenase as endogenous control. Histograms show fold change over 
the relative expression levels of IL-8 mRNA of control cells. Each bar represents the mean ± SD (aP < 0.05 vs MKN-45, bP < 0.05 vs KATO-Ⅲ); B: IL-8 production in GC cells 
measured by enzyme-linked immunosorbent assay. Histograms show fold change in the relative expression levels of IL-8 protein of control cells. All experiments were repeated 
three times with similar results. Each bar represents the mean ± SD (aP < 0.05 vs MKN-45, bP < 0.05 vs KATO-Ⅲ).

Figure 2  Growth inhibition assay of gastric cancer cells treated with oxaliplatin. Survival of gastric cancer cells is tested by 3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetra-
zolium bromide assay. Each bar represents the mean ± SD. All experiments were repeated three times with similar results (aP < 0.05 vs MKN-45-NC, bP < 0.05 vs KATO-Ⅲ-NCi).
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0.05). On the contrary, when IL-8 expression was sup-
pressed in KATO-Ⅲ cells using RNAi, there was signifi-
cant decrease in growth rate after treatment with 1.0-10 
μg/mL oxaliplatin (P < 0.05). These results suggest that 
IL-8 expression in GC cells decreased the sensitivity to 
the cytotoxic effects of  oxaliplatin.

I��������������������������������������������������������       nterleukin-8��������������������������������������������        is involved in gastric cancer cell adhesion
To determine the role of  IL-8 expression in GC cell adhe-
sion, adhesion capacity of  GC cells to endothelium or ex-
tracellular matrix components was evaluated (Figure 3A).  
The 2-h adhesion capability of  GC cells to a monolayer 
of  HUVECs or ECM components was significantly in-
creased in MKN-45-IL8 cells as compared with the con-
trol cells. Silencing expression of  IL-8 in KATO-Ⅲ cells 
significantly reduced the cell adhesion capability (P < 0.05).

I��������������������������������������������������������������        nterleukin-8��������������������������������������������������         is involved in gastric cancer cell migration and 
invasion 
To measure the cell migration activity, Transwell and wound-
healing assays were performed. As shown in Figure 3B 
and C, expression of  IL-8 could significantly promote 

GC cell migration into the cell-free region and migration 
through cell culture inserts. The invasive potential of  GC 
cells was investigated using in vitro Matrigel invasion assay. 
Cell invasion was similar to cell migration. MKN-45-IL8 
cells exhibited significant increase in invasion capacity 
whereas KATO-Ⅲ-IL8-RNAi cells exhibited significant 
decrease (Figure 3D). Therefore, IL-8 overexpression was 
sufficient to increase the rate of  GC cell migration and in 
vitro invasion.

I������������nterleukin-8 increases NF-κB and Akt activities, adhesion 
molecules ICAM-1 and VCAM-1, and CD44 expression in 
gastric cancer cells
Recent studies have reported that induction of  IL-8 signa
ling increased NF-κB transcriptional activity, and activated 
the phosphoinositide-3-kinase and cascade. As shown in 
Figure 4, the levels of  phospho-NF-κB-p65 and phospho-
Akt were upregulated in IL-8 overexpressed MKN-45-IL8 
cells compared with the control cells, and were downregu-
lated in KATO-Ⅲ-IL8-RNAi cells. These data suggest 
that constitutive IL-8 expression strongly increased NF-
κB and Akt activation.
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Adhesion molecules play an important role in cell-cell, 
cell-ECM interactions in cancer invasion and metastasis. 
As shown in Figure 4, IL-8 increased the protein expres-
sion levels of  adhesion molecules ICAM-1 and VCAM-1, 
and CD44 expression in GC cells.

DISCUSSION
It has been shown that IL-8 modulates proliferation and 
migration of  tumor cells, including melanoma[16-18], pros-
tate cancer[14,19], breast cancer[20], and colon cancer[13]. A 
study confirmed that IL-8 increases angiogenesis of  hu-
man gastric carcinoma[6]. Our goal was to evaluate wheth-
er IL-8 is involved in proliferation, adhesion, migration, 
invasion and the sensitivity to chemotherapeutics in hu-
man GC cell lines. We found that IL-8 overexpression in 
GC cells was associated with increased adhesion, migra-
tion, and invasion activity and resistance to oxaliplatin, 
suggesting that IL-8 is a promising therapeutic target.

In this study, we examined the biological role of  IL-8 
in adhesion, migration, and invasion of  GC cells with 
either overexpression or knocked down expression of  
IL-8. The stable IL-8 transfectants and IL-8 RNAi were 
successfully generated in MGC803 cells. The constitu-
tive expression of  IL-8 in MGC803 cells increased cell 
adhesion, migration and invasion, which was opposed by 
silencing IL-8 expression in KATO-Ⅲ cells using RNAi. 
Our findings suggest that expression of  IL-8 plays an 
important role in modulating cell adhesion, migration, 
and invasion of  GC cells. This observation is supported 
by the study of  Ju et al[7], which showed that recombinant 
interleukin-8 promoted the adhesion, migration and inva-
sion of  GC SCG-7901 cells and up-regulated the expres-
sion of  matrix metalloproteinase-9, intercellular adhesion 
molecule-1 and E-cad in vitro. However, IL-8 in GC cells 
had insignificant effect on cell proliferation according to 
the previous studies[6,7].

The NF-κB and Akt signaling pathway activations 
are involved in cellular transformation, survival, prolifera

tion, invasion, angiogenesis, metastasis and inflammation 
in cancers. It has been reported that NF-κB stimulates 
IL-8 production, and endogenous IL-8 causes constitutive 
activation of  NF-κB (p65) in colon cancer[13] and prostate 
cancer cells[14]. In this study, we found that IL-8 overex-
pression caused activation of  NF-κB and Akt signaling in 
GC cells. 

It is widely accepted that the invasion and metasta-
sis of  caner is dependent on the capacity of  cancer cell 
adhesion and migration[21]. In this study, we found that 
GC cells overexpressing IL-8 produced increased adhe-
sion and migration activity with upregulated ICAM-1, 
VCAM-1, and CD44. Further investigations are warranted 
to elucidate the regulative mechanism of  IL-8 as a migra-
tory and invasive factor in GC cells.

In conclusion, our studies provide significant evidence 
that IL-8 expression contributes to GC cell adhesion, 
migration and invasion, and leads to resistance to oxalipla-
tin. These findings may help develop novel IL-8-targeted 
therapies for GC.
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