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Abstract

AIM: To study the effect of IGF-1/IGF-1R and gastrin/
CCK-BR on carcinogenesis and development of human
gastric carcinoma and to explore its mechanism and
provide a credible theoretical foundation for early diagnosis
and molecular therapy of gastric carcinoma.

METHODS: mRNA expression levels of IGF-1/IGF-1R and
gastrin/CCK-BR were assessed by RT-PCR method in
gastric cancer tissues, adjacent mucosa, and tumor-free
tissues from 56 patients with gastric carcinoma and
normal gastric mucosae from 56 healthy controls. Tissue
specimens were obtained by biopsy and confirmed by
histological evaluation.

RESULTS: The mRNA levels of IGF-1/IGF-1R were
increased in gastric cancer tissues compared with normal
tissues from healthy controls and successively increased
in tumor-free tissues, adjacent mucosa, and gastric
cancer tissues. The mRNA levels of gastrin/CCK-BR were
increased in gastric cancer tissues compared with normal
tissues from healthy controls. There was a significant
difference between gastric cancer tissues and adjacent
mucosa and tumor-free tissues, but the mRNA levels of
gastrin were not significantly increased in adjacent
mucosa and gastric cancer tissues compared with tumor-
free tissues. The mRNA levels of CCK-BR were increased
in gastric cancer tissues and adjacent mucosa compared
with tumor-free tissues, but not significantly increased in
adjacent mucosa and gastric cancer tissues compared
with gastric cancer tissues.

CONCLUSION: Overexpression of IGF-1/IGF-1R and
gastrin/CCK-BR promotes the disorderly proliferation of
gastric mucosa epithelia and it is of great significance in
the carcinogenesis and development of gastric carcinoma.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastric cancer is one of the most frequent neoplasms
and a leading cause of death worldwide. It is still the focus
of study to explore the mechanism of gastric carcinoma.
With the development in molecular biology technology,
research on the mechanism of gastric carcinoma has gone
deep into the molecular levels. Carcinogenesis is a
complicate process, which includes many steps, many
gene abnormities may be brought on this process. Some
researchers considered that the effect of protooncogenes,
the inactivation of many antioncogenes, the regulation of
many growth factors and their receptors, the accumulation
of gene mutations and the imperfection of DNA
rehabilitation system might play important roles in the
carcinogenesis and development of gastric carcinoma.
There is evidence that the upregulation of certain growth
factors could play an important role in the promotion and
development of gastric cancer!™?.

The insulin-like growth factor system is widely involved
in human carcinogenesis®. The type 1 insulin-like growth
factor receptor IGF-1R) is a transmembrane protein tyrosine
kinase, which mediates the biological effects of IGF-11,
and plays an important role in both normal and abnormal
growth, particularly in anchorage independent growth. Some
investigators also provided evidence that insulin-like growth
factor-1 (IGF-1) and its receptor (IGF-1R) emerged as key
regulators of mitogenesis and tumorigenicity. It has been
well established that a functional IGF-1R is required for
cell growth and plays a crucial role in survival of various
transformed cells 7 vitro and in vivoP). When IGF-1 combines
with its receptor IGF-1R), it has an important effect on
human metabolism of proteins and carbohydrates, and
stimulates cell proliferation, differentiation and apoptosis.
These changes of cell activity are the characteristics of
carcinoma cells. Durrant ez /¥, have reported that IGF-1
could facilitate the growth of three cell strains of gastric
carcinoma 7z vitro. Peters et a/”', had found that IGF-1 and
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its membrane receptors played a critical role in the
carcinogenesis of several tumors, such as colorectal cancer.
More recently, numerous studies have demonstrated that
IGF-1R can play a critical role in regulation of carcinoma
metastasis and invasion, and that overexpression of IGF-
1R is an important component controlling the proliferation
of cervical carcinoma cells®'”, However, the mechanism
undetlying gastric cancer and the exact role of IGF-1/IGF-R
in human gastric carcinogenesis and development remain
pootly understood.

Gastrin is one of the most extensively researched
gastrointestinal hormones and is of great significance in
sustaining normal physiological functions of gastrointestinal
tract. Research has demonstrated that gastrin can accelerate
the growth of cultured gastric carcinoma cells!"'! and
transplanted human gastric catcinoma in naked mice!™” can
increase the synthesis of DNA and proteins. There is
evidence that expression of gastrin mRNA is increased in
gastric cancer and release of gastrin is increased in plasma
and gastric lumen of patients with gastric cancer!’. So it
may be a link between gastrin and gastric cancer. The role
of gastrin in the carcinogenesis and development of gastric
cancer needs to be explored deeply.

Cholecystokinin B/ gasttin receptors (CCK-BR) can stimulate
the secretion of gastric acid and cell proliferation!*'”. The
expression of CCK-BR has been widely reported in colorectal
cancet"*l. However, the role of gastrin/CCK-BR in the
carcinogenesis and development of human gastric carcinoma
is still largely unknown.

The aim of the present study was to evaluate the
effect of IGF-1/IGF-1R and gastrin/ CCK-BR on the
carcinogenesis and development of human gastric carcinoma,
and to explore its mechanism and provide a credible
theoretical foundation for eatly diagnosis and molecular
therapy of gastric carcinoma.

MATERIALS AND METHODS

Collection of tissue specimens

Fresh tissue specimens of gastric cancer tissues, adjacent
mucosa and tumor-free tissues were obtained from 56
patients with gastric carcinoma. Specimens of normal gastric
mucosae were from 56 healthy controls. The specimens
were immediately frozen in liquid nitrogen and stored at
-80 ‘C. The diagnosis of specimens was based on the
pathological features of tumors and confirmed by pathological
histological evaluation.

Extraction of total RNA

The extraction of total RNA from tissues was cattied out
as previously described™. Briefly, total RN A was extracted
using a guanidium isothiocyanate/phenol chloroform
single step extraction kit from Stratagene (Promega, USA)
based on the method previously desctibed"™. Following
precipitation, RNA was resuspended in RNase-free
water and its concentration was estimated by absorbance
at 260 nm wavelength. Furthermore, the quality of each
RNA sample was determined by agarose-formaldehyde
electrophoresis. RN A samples were stored at -80 C until
analysis. The nucleotide sequences of primers are shown
in Table 1.

Table 1 Specification of primer sets for polymerase chain reaction
analysis

Primer Sequence PCRproduct
(bp)
IGF-1 5-CAACAAGCCCACAGGGTATGGC-3
3-GGAAACGAGACGTGCTCAATGGACA-5 312
IGF-1R 5-ATGCTGTTTGAACTGATGCGCA-3’
3"-GCCCCCGGCGTTCTTGCTCGCC-5 354
Gastrin 5-GTCTATGTGCTGATCTTTGCACTG-3’
3-CTTGGTTCGAAGTCTCGGATCGGT-5 323
CCK-BR 5-GTGGCCTACGGGCTTATCTCTCGCGAGCTC
TACTTA-3
3-GACACAACCAACGGTCAAATATCACGG 357
TTGTGCA-5
B-actin 5-GGCGGCACCACCATGTACCCT-3
3-TCATACTGCTCAGGCCGGGGA-5 202

The primers were synthesized and purified by Cell
Biology Institute, Chinese Academy of Sciences.

RT-PCR analysis

RT-PCR analysis was done routinely according to instruction
of reagent box, using an access RT-PCR system (American
Promega Company). B-actin was used as an inner-control
and the template dosage of cDNA was standardized. The
reaction conditions of RT-PCR were as follows.

IGF-1: denaturation at 94 °C for 30 s; annealing at 57 “C
for 30 s; Extension at 72 °C for 2 min; 35 circles at 72 ‘C
for 7 min and stored at 4 C.

IGF-1R: denaturation at 94 “C for 30 s; annealing at 54 “C
for 30 s; extension at 72 ‘C for 1 min; 35 circles at 72 C
for 7 min and stored at 4 C.

Gasttin: denaturation at 94 °C for 30 s; annealing at 59 'C
for 30 s; extension at 68 ‘C for 1 min; 35 circles at 72 C
for 7 min and stored at 4 C.

CCK-BR: denaturation at 94 C for 30 s; annealing at
55 °C for 30 s; extension at 72 ‘C for 1 min; 35 circles at
72 °C for 7 min and stored at 4 C.

Electrophoresis

Ten microliters of the PCR products of IGF-1/IGF-1R and
gastrin/CCK-BR and PB-actin was detected by electrophoresis
on an 1.8% agarose gel. The results were scanned and
photographed by an automatic gel image analysis system
(Biotechnology Limited Corporation, Coldspring Harbor,
USA). The result was expressed as investigated PCR-product
of target factor/B-actin mRNA ratio.

Data analysis

Data were presented as mean®SE. Statistical analysis was
performed using Student’s # test. P<0.05 was considered
statistically significant.

RESULTS

Quality and content of RNA

The extracted RNA showed two pieces of bands 18 and
28 s in the agarose gel electrophoresis. After RNA was
detected by an ultraviolet spectrophotometet, the Axg0/ Ao
ratio surpassed 1.7.
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Expression levels of mRNA in gastric carcinoma tissues and
normal gastric mucosa from healthy controls

The mRNA expression levels of IGF-1/IGF-1R and
gastrin/ CCK-BR in gastric cancer tissues wete all increased
significantly compared with normal mucosa from controls
(P<0.01). The result is shown in Table 2 and Figure 1.

Table 2 mRNA expression of IGF-1/IGF-1R and gastrin/CCK-BR in
gastric cancer tissues and normal mucosa from controls (meantSE)

Typeof samples  IGF-1/ IGF-1R/ Gastrin/ CCK-BR/
specimen B-actin B-actin B-actin B-actin
Cancer tissues 56 0.305+0.032° 0.129+0.011® 0.293+0.031°®  0.159+0.018°
Controls 56 0.154+0.013 0.027+0.004  0.169+0.017  0.058+0.006

»P<0.01 vs normal mucosa from controls.
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Figure 1 mRNA expression of IGF-1/IGF-1R and gastrin/CCK-BR in gastric
cancer tissues and normal mucosa from control °P<0.01 vs control.

mRNA expression levels of IGF-1/IGF-1R and gastrin/CCK-BR
in gastric cancer tissues, adjacent mucosa and tumor-free
tissues from patients with gastric carcinoma

The mRNA expression levels of gastrin were successively

A
331 ~IGF-1R (312 bp)
242 § —p-actin (202 bp)
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C
331
<Gastrin (323 bp)
190 <~B-actin (202 bp)

Figure 2 RT-PCR amplified products of IGF-1/B-actin. A: IGF-1R/B-actin; B:
gastrin/B-actin; C: and CCK-BR/B-actin; D: detected by electrophoresis on
an 1.8% agarose gel. Lane 1: gastric cancer tissues; lane 2: adjacent mucosa;

increased in tumor-free tissues, adjacent mucosa and gastric
cancer tissues. There was a significant difference between
gastric cancer tissues and adjacent mucosa and tumor-free
tissues (P<0.05), but there was no significant difference
between adjacent mucosa and tumor-free tissues (P>0.05).
The mRNA expression levels of CCK-BR were also
successively increased in tumor-free tissues, adjacent mucosa
and gastric cancer tissues. There was significant difference
in gastric cancer tissues and adjacent mucosa compared
with tumor-free tissues (P<0.05), but there was no significant
difference between gastric cancer tissues and adjacent

mucosa (P>0.05, Table 3).

Table 3 mRNA expression of IGF-1/IGF-1R and gastrin/CCK-BR in
three kinds of tissues from 56 patients with gastric carcinoma
(meanzSE)

Test factor/B-actin ~ Cancer tissue Adjacent mucosa Tumor free
IGF-1/B-actin 0.305+0.028¢ 0.220+0.023* 0.14940.012
IGF-1R/ B-actin 0.129+0.011¢ 0.089+0.0072 0.047+0.006
Gastrin/B-actin 0.284+0.024¢ 0.182+0.014 0.133+0.043
CCK-BR/B-actin 0.169+0.016° 0.144+0.013* 0.049+0.014

2P<0.05 vs tumor-free tissues. °P<0.05 vs adjacent mucosa.

The RT-PCR amplified products of IGF-1, IGF-1R,
gastrin, CCK-BR and B-actin in three kinds of tissues from
patients with gastric carcinoma were detected by electrophoresis
on an 1.8% agarose gel. The results are shown in Figure 2.

DISCUSSION

IGF-1 is a member of IGF family. It is a single chain
polypeptide (MW 7.65 ku) containing 70 amino acids and
6 exons!™. Its biological responses are transmitted by IGF-
1R. The results of some studies showed that IGF-1 could

B M 1234
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lane 3: tumor-free tissues; lane 4: healthy controls; M: standard molecular
weight of DNA.
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stimulate numerous types of tumor cells proliferating
through binding to IGF-1R®.. IGF-1R is a glycoprotein
tetramer located in cell membranes and involves 2 o subunits
(MW 100-135 ku) with binding sites for ligands and 2 8
subunits (MW 90-95 ku) containing transmembrane PTK
active areas®l. IGF-1 not only has an important effect on
in vivo metabolism of proteins and carbohydrates through
binding to the cell-surface IGF-1 receptors (IGF-1R) but
also regulates cell activity including cell proliferation,
differentiation and apoptosis and these changes are the
characteristics of carcinoma cells. Experiments showed that
IGF-1 could stimulate cell DNA synthesis, upregulate
expression of cyclin D1 and motivate cell mitosis from
phase G1 to phase S in vitro. At the same time, it could
upregulate Bcl-2 and Bel-xL levels and downregulate Bax
to inhibit cell apoptosis and stimulate cell proliferation?.
The function of IGF-1R is similar to IGF-1 but it could
affect cell conversion. Other studies showed that IGF-1R
was overexpressed and the activity of IGF-1R was increased
in breast cancer®?!. Up to now, only a few studies on IGF-
1/IGF-1R mRNA expression in gastric carcinoma tissue
are available. In this study, we measured the expression of
IGF-1 and its receptors at mRNA level in order to analyze
the possible correlation between the activity of these genes
and cell proliferation in human gastric tumors. The results
showed that the mRNA expression levels of IGF-1/IGF-
1R were higher in cancer tissues than in normal gastric
tissues. We consider that IGF-1 overexpression could result
in overexpression of IGF-1R. The overexpressed IGF-1R
was bound to IGF-1 to stimulate gastric excess mucosa cell
proliferation, abnormal conversion and apoptosis, resulting
in gastric mucosa canceration. Our results clearly demonstrated
the important role of IGF-1/IGF-1R in the pathogenesis
of gastric cancer, including that the overexpression of IGF-
1/IGF-1R plays an important role in the carcinogenesis
and development of gastric carcinoma. In addition, it
supports the hypothesis that autocrine/paracrine stimulation
of cell growth by IGF-1, which may be an important
mechanism in the pathogenesis of invasive and metastatic
gastric cancer. The simultaneous targeting of growth factor
receptors in IGF-1-producing and -dependent cancer cells
might be a therapeutic strategy.

In an additional attempt to evaluate the mechanism of
IGF-1/IGF-1R potential contributions to gastric cancet
growth or progression, we detected the expression level of
tumor-free tissues, adjacent mucosa and gastric cancer
tissues. The result showed that the mRNA expression level
was successively increased in tumor-free tissues, adjacent
mucosa to gastric cancer tissues. These findings suggest
that there must be a molecular change during the transition
from normal to malignant gastric cells that allows IGF-1
or/and IGF-1R to play a stimulatory role. One possibility
was the activation or inactivation of a regulatory ‘switch’
molecule that alters cellular physiology in a way that favors
IGF-1/IGF-1R carcinogenesis role. But we do not know at
which step the overexpression of IGF-1/IGF-1R occurs
and which factors can regulate it. The mRNA expression
level of IGF-1/IGF-1R was obviously higher in gastric
cancer tissues and adjacent mucosa than in normal tissue.
So we deduced that the overexpression of IGF-1/IGF-1R

might be used as an indicator for early diagnosis of gastric
carcinoma.

Gastrin is a member of gastrin/CCK family. It contains
three exons. Aside from the function of regulating the
secretion of gastric acid, we have found that it plays an
important role in the carcinogenesis. CCK-BR is a gastrin
receptor®™ and belongs to the G-protein cotrelative receptor
superfamily. It could activate a sequence of enzymic
reaction, and call Ca®" inside cells, and finally activate protein
kinase CP®. Gastrin/CCK-BR could also promote the
growth of gastric carcinomal’?], and proliferate gastric
carcinoma cells®,

The present study found that mRNA of gastrin/CCK-
BR was expressed both in gastric carcinoma tissues and in
normal controls, but it was increased in gastric carcinoma
tissues compared with controls (P<0.01). This finding is
consistent with previous teports by Konturek ez e/, It is
supposed that a self-secretive circle of gastrin-CCK-BR may
exist in gastric mucosa, which regulates the normal secretion
of gastric acid and proliferation of gastric mucosa cells. In
gastric carcinoma, overexpression of gastrin stimulates the
expression of CCK-BR. After combined with gastrin/CCK-
BR, proliferation of cells is gradually strengthened, then
goes into a disordetly state, and the synthesis of DNA and
proteins is increased abnormally, at last the formation of
carcinoma is accelerated. Therefore, it is preliminarily
considered that overexpression of gastrin/ CCK-BR takes
part in the carcinogenesis and development of gastric
carcinoma. However, its mechanism should be further
studied.

With the research of gastric carcinoma deepended, it is
the focus to find out pathological changes in the prophase
of carcinoma and signs of early pathological changes.
However, the highly specific and sensitive method has not
been found until now. The present study detected the mRNA
expression levels of gastrin/ CCK-BR in gastric cancer
tissues, adjacent mucosa and tumor-free tissues from
patients with gastric carcinoma. The results showed that
the levels were increased successively in tumor-free tissues,
adjacent mucosa and gastric cancer tissues. Moreover, the
mRNA expression of gastrin was increased in adjacent
mucosa tissues compared with tumor-free tissues (P>0.05).
After analyzing the above results, we believe that gastrin
and CCK-BR both take part in the carcinogenesis of gastric
carcinoma, but the increase of CCK-BR expression may
appear earlier than gastrin expression. As for the reasons, it
could be that many factors influence the carcinogenesis of
gastric carcinoma and the expression of CCK-BR is also
regulated by other members of gastrin/ CCK-BR family,
such as CCK, so the change of CCK-BR expression is a
result of very complicated mutual regulation between
receptors and ligands. Early changes in mRNA expression
of CCK-BR may be of great significance in estimating the
early carcinogenesis of gastric carcinoma.
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