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nal cancers, and its expression is reported as the result of the loss

of tumor suppressors. IL�16 is involved in the pathophysiological

process of chronic inflammatory diseases. The aim of this study is

to determine the changes in the expression of IGF�1R in intestinal

metaplasia (IM) and gastric cancer (GC) as well as the effect of

Helicobacter pylori (H. pylori) and IL�16 on cell proliferation and

IGF�1R expression in gastric cells. AGS cells were incubated with

combinations of IL�16 and H. pylori. Gastric cell proliferation was

studied by BrdU uptake. In H. pylori infected mucosa, IGF�1R was

significantly higher in IM than chronic gastritis (CG), and also

higher in GC than CG and IM. H. pylori significantly decreased BrdU

uptake. IL�16 increased BrdU uptake and IGF�1R on AGS cells which

had been decreased by H. pylori. Co�incubation with IL�16 increased

the expression of IGF�1R mRNA in H. pylori infected cells. We con�

clude that the expression of IGF�1R in H. pylori infected gastric

mucosa may indicate an early stage of carcinogenesis. The IL�16

secretion by H. pylori can be a trigger for the expression of IGF�1R,

and it may also be a factor for gastric carcinogenesis.
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IntroductionA model of gastric cancer has been proposed in which super-
ficial gastritis is followed by chronic gastritis, intestinal

metaplasia and finally gastric cancer.(1,2) Gastric cancer is the
second common cause of cancer related death in the world. Gastric
cancers are among the most lethal neoplasms in the world. Signals
from a variety of growth factor receptors are important for
carcinogenesis and cancer development. These signals modify cell
cycle regulation, apoptotic induction and interactions between
cancer cells with their environment to promote the continuous
growth potential of cancer cells.(3)

The insulin-like growth plays a cruel role in cell growth factor
signaling in cell proliferation and differentiation, and it is reported
that insulin-like growth factor (IGF) system is an antiapoptotic
molecule, activating the phosphatidylinositol-3 kinase-AKT
pathway.(4) Exogenous IGFs stimulates the gastric cell prolifera-
tion, and over expression of IGFs was recognized in the mucosa of
gastric cancer.(5) IGF-1 and IGF-2 are ligands for IGF-1 receptor
(IGF-1R), the complex of IGFs and IGF-1R activates signal
pathways, and stimulates tumor progression and cellular differen-
tiation.(6) They also reported that the monoclonal antibody for
IGF-1R suppressed proliferation and tumorigenicity in human
gastrointestinal cancer cells.

Helicobacter pylori (H. pylori) infection causes chronic gastritis,
gastroduodenal ulceration and gastric adenocarcinoma. A model
of gastric cancer has been proposed in which superficial gastritis is
followed by chronic gastritis, intestinal metaplasia and gastric
cancer.(7,8) The inflammation is a one of the risk factor for carcino-

genesis, and the chronic infection and inflammation is correlated
with cancer, including the patients with inflammatory bowel
diseases, is a factor for colorectal carcinogenesis.(9) H. pylori
infected in childhood, and the infection causes chronic inflamma-
tory changes in gastric mucosa. These inflammatory cells infiltra-
tion is reported as a factor for gastric carcinogenesis.(10)

Interleukin-16 (IL-16), a pleiotrophic cytokine, is involved in
the pathophysiological process of chronic inflammatory diseases
including HIV and Crohn’s diseases. Recently, IL-16 plasma
levels and tumor progression were reported for many types of
cancer.(11) The serum level of IL-16 was associated gastric cancer
patients compared with healthy controls.(9) But the relationship
with H. pylori infection and IL-16 secretion is not clear. We
studied the differences of the expression of IGF-1R in intestinal
metaplasia and gastric cancer as well as the effect of H. pylori
infection and IL-16 on epithelial cell proliferation and IGF-1R
expression in gastric cells in vitro.

Materials and Methods

Expression of IGF�1R on gastric mucosa. The method of
the immunohistological staining was described in our previous
study.(12) Gastric samples were taken from biopsies through endo-
scopy. The diagnosis of gastric mucosa and the infection of H.
pylori were diagnosed histologically. Samples were fixed, made
as paraffin embedded blocks and cut into 5 μm sections. They
were mounted on slides and dewaxed in xylene and sequentially
dehydrated in 100%, 80% and 70% ethanol. The slides were
incubated in Target Retrieval Solution (1:400 Dako, Copenhagen,
Denmark) at 95°C for 5 min. The intrinsic peroxidase was blocked
with 0.3% H2O2 in methanol for 30 min. Non-specific binding
was blocked with PBS containing 3% skim milk (Wako, Tokyo,
Japan) for 30 min. The species were incubated with anti-IGF-1R
polyclonal antibody (Abcam ab39675: Cambridge, UK) overnight
at 4°C. After wash with PBS PBST and PBS for 5 min, the slides
were incubated with biotinylated Goat anti-rabbit antibody (1:100,
Dako) for 30 min at room temperature. After slides were washed
with PBS, PBST and PBS, sections were incubated with avidin-
biotin complex (ABC Elite: Vector Laboratoried Inc., Burlingame,
CA) and colored with DAB (Wako). Gastric biopsies were classified
by histological findings as chronic gastritis (CG); either with
H. pylori (CG+) or without H. pylori infection (CG−), intestinal
metaplasia (IM); either with H. pylori (IM+) or without H. pylori
(IM−), and gastric cancer (GC) with H. pylori (GC+). The number
of samples of each group was 60 tissues. Sections were counter-
stained with Hematoxylin. Image Manager Software applied to a
light microscope was used for computer analysis of each sample.
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The degree of IGF-1R positive was evaluated areas of gastric
mucosa. The positive area of IGF-1R was assessed and expressed
as percentage of area.

Cell culture. AGS cells (Dainippon, Tokyo, Japan) were
cultured with F-12 medium (Gibco, Life-technologies, Grand
Island, NY) with 10% fetal bovine serum (MP Biomedicals,
Solon, OH) and anti-biotic-anti-mycotic solution (Sigma-Aldrich,
St. Louis, MO) at 37°C in a humidified atmosphere of 95% air
and 5% CO2. H. pylori (NCTC 11637) was cultured on Skirrow
Agar with 7% horse blood (Nippon Biotest Lab., Tokyo, Japan)
in atmosphere of 10% CO2 at 37°C. Colonies were harvested,
105 cfu/ml of H. pylori was resuspended in antibiotic-free F-12
medium without FBS. Experiments were performed using 6-well
polypropylene tissue culture plates (NUNC, Copenhagen, Denmark)
with the combination with and/or without 105 cfu/ml of H. pylori
and 10−10 M or 10−9 M of recombinant human IL-16 (Pepro Tech.
Inc., Rocky Hill, NJ) was added into AGS cells for 24 h.

ELISA assays. Gastric epithelial cell proliferation was studied
by BrdU uptake. AGS cells were cultured on 6 well-plates
(NUNC) by serum free F-12 medium without antibiotics. Cells
were incubated with and/or without H. pylori and IL-16 for 24 h,
additionally 1 h incubated with 10 μM BrdU (Sigma-Aldrich)
solution. After 3 times wash with PBS, cells were lysed with
50 mM NaCl, 25 mM Tris-HCl, 0.5% NP-40, 0.5% sodium
deoxycholate and 0.02% sodium azide. Anti-BrdU (10 μm/ml
Dako) and anti-IGF-1R (Abcam) antibodies were diluted with
0.01 M phosphate buffer, 0.15 M NaCl pH 7.2, and coated each
well of 96-well plates, and incubated at 4°C overnight. 100 μl of
samples were pipetted into wells and incubated for 2 h at room
temperature after 3 times washing with Buffer B (0.01 M phos-
phate buffer, 0.50 M NaCl, 0.1% Tween 20, pH 7.2). The plates
were blocked with 3% skim milk (Wako) with Buffer B for 30 min
after 3 times washing with Buffer B. The plates were incubated
with secondary antibodies (Dako) for 1 h, and further incubated
with alkaline phosphatase conjugated streptavidin (Dako) for 1 h.
The expressions were followed by ampliQ detection kit (K6245,
Dako) and determined by a spectrophotometer at 492 nm.

RT�PCR. Cells were transferred into 1.5 ml of microtube, and
centrifuged for 10 min at 4°C. Pour of the media, and TRI Reagent
and linear Acrylamide were added into microtubes. After pipetting,
the samples were transferred to homogenizer and homogenized for
30 s in ice cubes, and stored for 5 min at room temperature. Add
160 μl of chloroform and stored at room temperature for 10 min.
After centrifuge at 4°C for 15 min, supernatant was put into other
microtubes. 400 μl of isopropyl alcohol was added and stored at
−20°C overnight. Samples were centrifuged at 4°C for 20 min, and
supernatant was removed. 75% ethanol was added to tubes, and

tubes were dried for 5 min at room temperature after 4°C for 5 min
centrifuge. RNase free water was added to the tubes, and incu-
bated at 60°C for 10 min. The cDNA was prepared as following
the protocol of High Capacity RNA-to-cDNA Master MiX
(Applied Biosystems, 4390779, Foster City, CA). 1 μl of cDNA
was used for PCR as following the protocol of Ampli Taq Gold
with Gene Amp 10X PCR Buffer II and MgCl2 solution (Applied
Biosystems, N8080241), and mixed with 5 μl of 10X PCR Buffer
II, 5 μl of 10XdNTP, 5 μl of 25 mM MgCl2, 0.5 μl of 10 mM
forward primer 0.5 μl of 10 μM reverse primer, 0.25 μl of Ampli
Taq Gold and 32.75 μl of distilled water. The set of IGF-1R
primers and length of the product were as follows: IGF-1R-s
5'GGG GAA TGG AGT GCT GTA TG-3' IGF-1R antisense
5'ATT GAG GTC ACA GAG AAC-3'.(13) The cycling program
involved initial denaturtion at 95°C for 10 min, following by 35
cycles of denaturation at 95°C for 30 s, annealing at 60°C for 30 s
and extension at 72°C for 45 s. PCR products were verified by
1.0% agarose gel electrophoresis (Wako) and visualized by
ethidium bromide staining and ultraviolet light. All bands were
analyzed by NIH image system.

Statistical analysis. Continuous variables were presented as
mean ± SD, All statistical analyses were performed using Turney
test, and a p value <0.05 was considered statistically significant.

Results

The expression of IGF�1R on gastric mucosa. In chronic
gastritis, there was no significant difference on IGF-1R protein
levels between with and without H. pylori infection (H. pylori
infected chronic gastritis: 0.77 ± 1.59% vs H. pylori negative
chronic gastritis: 1.29 ± 0.80%). In H. pylori infected mucosa,
the expression of IGF-1R was significantly higher in intestinal
metaplasia than chronic gastritis (IM+: 5.64 ± 5.03% vs CG+:
0.77 ± 1.59%, p<0.01), and in H. pylori infected mucosa, IGF-1R
expression was also higher in gastric cancer than chronic gastritis
and intestinal metaplasia (GC+: 14.65 ± 7.37% vs CG+:
0.77 ± 1.59%, IM+: 5.64 ± 5.03%, p<0.01) (Fig. 1 and 2).

Cell Proliferation. 105 cfu/ml of H. pylori administration
significantly decreased the BrdU uptake of AGS cells (85.76 ±
5.91% of AGS only p<0.01). 10−10 and 10−9 M of IL-16 admin-
istration significantly decreased the BrdU uptake of AGS cells.
(IL-16 only: 10−10 M 84.65 ± 2.01% 10−9 M 89.50 ± 1.87%,
p<0.01) Administration of 10−10 and 10−9 M of IL-16 significantly
increased BrdU uptake which was decreased by 105 cfu/ml of
H. pylori (H. pylori 105 cfu/ml only: 85.76 ± 5.91% vs H. pylori +
IL-16 10−10 M: 100.46 ± 6.39%, H. pylori + IL-16 10−9 M: 99.97 ±
6.00%, p<0.01) (Fig. 3).

Fig. 1. The expression of IGF�1R on gastric mucosa of chronic gastritis and gastric cancer by ABC staining. IGF�1R was staining by DAB as brown area.
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Expression of IGF�1R protein. 105 cfu/ml of H. pylori admin-
istration significantly decreased the IGF-1R protein level of AGS
cells. (H. pylori 105 cfu/ml: 82.34 ± 12.26%, Administration of
IL-16 decreased IGF-1R protein level of AGS cells but not signif-
icantly (IL-16 only: 10−10 M 87.53 ± 1.62% 10−9 M 88.27 ± 1.80%).
But co-incubation with IL-16 increased the expression of IGF-1R
protein which was decreased by H. pylori administration (H. pylori
105 cfu/ml only: 82.34 ± 12.26%, vs H. pylori + IL-16 10−10 M:
98.07 ± 19.88%, H. pylori+IL-16 10−9 M: 103.57 ± 13.29%, p<0.01)
(Fig. 4).

The expression of IGF�1R mRNA in H. pylori infected AGS
cells. As same as IGF-1R protein expression, the expression of
IGF-1R was decreased by 105cfu/ml of H. pylori, (80.40 ± 19.13%)
and co-administration of IL-16 increased IGF-1R mRNA expression

which was decreased by H. pylori infection. (H. pylori 105cfu/ml
only: 80.40 ± 19.13%, H. pylori+IL-16 10−10M: 91.38 ± 19.18%,
H. pylori+IL-16 10−9M: 97.15 ± 43.95%, p<0.01) (Fig. 5).

Discussion

IGF-1R is a heterodimer of 2α- and β-subunits.(14) Binding with
IGF-1R and IGF-1 and/or IGF-II, causes autophosphorylation,
activates multiple signaling pathways including the mitogen-
activated protein kinase (MAPK) and phosphatidylinositide 3-
kinase (PI3-K)/Akt-1 pathways.(15) IGF-1R is a cell membrane
receptor that is activated by its ligands, and plays critical roles in

Fig. 2. The expression of IGF�1R on gastric mucosa. There was no significant difference between with and without H. pylori infection on chronic
gastritis. The expression of IGF�1R was significantly increased in intestinal metaplasia and gastric cancer than chronic gastritis.

Fig. 3. The effect of H. pylori and IL�16 on BrdU uptake on AGS cells.
H. pylori infection decreased the BrdU uptake of AGS cells. The admin�
istration of IL�16 significantly increased the BrdU uptake on AGS cells
which was decreased by H. pylori infection. Fig. 4. The effect of H. pylori and IL�16 on IGF�1R protein levels of AGS

cells. H. pylori infection decreased the expression of IGF�1R protein of
AGS cells. The administration of IL�16 significantly increased the expres�
sions of IGF�1R protein which was decreased by H. pylori infection.
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cancer cell development, proliferation and anti-apoptosis.(16) IGF-1
is a hormone similar in molecular structure to insulin.(17) The IGFs
stimulate the proliferation of GI cancer cells(15) and overexpression
of IGF-1R has been demonstrated in a variety of gastrointestinal
cancers, and its expression is reported as the result of the loss of
tumor suppressors, including wild-type p53. The expressions of
IGFs and IGF-1R are showed in GI cancer and also in cancer cells,
an IGF family mediated GI proliferation by paracrine and auto-
crine systems.(6,18) The expression of IGF-1R expression in gastric
cancer with lymph node metastasis is associated poor prognosis
and metastasis.(19)

Chronic inflammation is one of the factors for carcinogenesis.
Some studies reported that over 20% of all cancer is associated
with chronic inflammation.(20) Infection with H. pylori causes
chronic gastric inflammation, and immune response of the host, is
a trigger for the development of gastric cancer.(21)

The characteristic long-term chronic inflammatory reaction
on gastric mucosa requires evasion of H. pylori from immune
system. Epithelial cells respond to H. pylori by undergoing
cellular signaling changes and by releasing cytokines into the
mucosal lamina propria.(22)

In our study, on chronic gastritis, the expression of IGF-1R was
not influenced by H. pylori infection only, but when the mucosa
changed into intestinal metaplasia, a premalignant status, the
expression of IGF-1R increased than only chronic gastritis. From
this expression, infection with H. pylori only is not a necessary
and sufficient condition for gastric carcinogenesis. We did not
show the trigger for this increased expression of IGF-1R in this
study, but the continual secretion of IGF-1R may be a factor for

mucosal changing to intestinal metaplasia, and/or long-term
infection with H. pylori induces intestinal metaplasia, and this
mucosal change may influence the secretion of IGF-1R on gastric
mucosa, and the secretion can be a factor for gastric carcinogenesis.

In this study, 105 cfu/ml of H. pylori administration decreased
the BrdU uptake of AGS cells. In vivo study, it is reported that
infection with H. pylori stimulates the cell proliferation on gastric
mucosa.(23) The reasons for the difference between their studies
are influenced the difference of gastric cancer cell lines and/or the
inocubation time.

In this study, 105 cfu/ml of H. pylori inocubation decreased the
BrdU uptake on AGS cells, but when we increased the number of
H. pylori to 106 cfu/ml, the BrdU uptake of AGS cells was
increased by H. pylori but not significantly (H. pylori 106 cfu/ml:
105.00 ± 2.21% of AGS only). From these data, the balance with
the number of infected bacterium and gastric mucosa may be the
important factor for gastric carcinogenesis.

H. pylori infected in childhood, especially the patient infected
with H. pylori under 5 years old. From childhood, long-term
infection with H. pylori causes gastric mucosal changes to chronic
gastritis and intestinal metaplasia, and this change is a factor for
gastric carcinogenesis. This chronic inflammation is an important
factor for gastric carcinogenesis; we noticed that IL-16 is known
as a chemoattractant factor of CD4+ T-cell. Recently IL-16 is not
only stimulator of inflammation, IL-16 secretion is thought as a
factor for carcinogenesis, and the expression of IL-16 was
reported in cancer patients of bladder, ovarium and lung cancer.(11)

Gao et al.(9) reported that the serum level of IL-16 was signifi-
cantly higher in gastric cancer than normal mucosa. We did not
show the significant difference in the expression of IL-16 on
gastric mucosa of chronic gastritis, intestinal metaplasia and
gastric cancer (data was not shown), but long-term infection
with H. pylori causes infiltration of inflammatory cells, and this
continual infiltrated inflammation by H. pylori may cause the
expression of IL-16.

Also, Gao et al.(9) reported that IL-16 polymorphisms are major
role in patients of gastric cancer. Zhang and Wang(24) reported
that IL-16 rs4778889CC and rs11556218GG genotypes are
associated with an increased risk of non-cardia gastric cancer.
Not only secretion of IL-16, the polymorphisms of IL-16 is
also a factor for gastric carcinogenesis. Further study of IL-16
polymorphisms in our patients need to clear the relationship
of H. pylori infection and a trigger for gastric cancer.

We conclude that the expression of IGF-1R in long-term H.
pylori infected gastric mucosa may indicate an early stage in
carcinogenesis because it appears before the histological evident
tumor. The expression of IL-16 by H. pylori infection can be a
trigger for expression of IGF-1R on gastric mucosa, and the
expression of IGF-1R may also a factor for gastric carcinogenesis.
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