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Abstract
AIM: To explore the role and mechanisms of extracel-
lular signal-regulated protein kinase-mitogen-activated 
protein kinase (ERK-MAPK) signaling in pentagastrin-
regulated growth of large intestinal carcinoma.

METHODS: HT-29 cells were incubated in different 
media and divided into the control group, pentagastrin 
group, proglumide group, and pentagastrin + pro-
glumide group. No reagent was added to the control 
group, and other groups were incubated with reagent 
at different concentrations. Changes in proliferation of 
HT-29 cells were detected by MTT assay, and the op-
timal concentrations of pentagastrin and proglumide 
were determined. The changes in proliferation index (PI) 
and apoptosis rate (AR) of HT-29 cells were detected 
by Annexin V-fluorescein isothiocyanate flow cytometry. 
mRNA expression of pentagastrin receptor/cholecysto-

kinin-B receptor (CCK-BR), ERK1/2 and K-ras were de-
tected by reverse transcriptase polymerase chain reac-
tion. The protein and phosphorylation level of ERK1/2 
and K-ras were detected by western blotting. All data 
were analyzed by analysis of variance and SNK-q  test.

RESULTS: The proliferation of HT-29 cells was stimu-
lated by pentagastrin at a concentration of 6.25-100 
mg/L, and the optimal concentration of pentagastrin 
was 25.0 mg/L (F  = 31.36, P  < 0.05). Proglumide had 
no obvious effect on the proliferation of HT-29 cells, 
while it significantly inhibited the proliferation of HT-29 
cells stimulated by pentagastrin when the concentra-
tion of proglumide was 8.0-128.0 mg/L, and the op-
timal concentration was 32.0 mg/L (F  = 24.31, P  < 
0.05). The PI of the pentagastrin (25.0 mg/L) group 
was 37.5% ± 5.2%, which was significantly higher than 
27.7% ± 5.0% of the control group and 27.3% ± 5.8% 
of the pentagastrin (25.0 mg/L) + proglumide (32.0 
mg/L) group (Q = 4.56-4.75, P  < 0.05). The AR of the 
pentagastrin (25.0 mg/L) group was 1.9% ± 0.4%, 
which was significantly lower than 2.5% ± 0.4% of the 
control group and 2.4% ± 0.3% of the pentagastrin 
(25.0 mg/L) + proglumide (32.0 mg/L) group (Q  = 
4.23-4.06, P  < 0.05). mRNA expression of CCK-BR was 
detected in HT-29 cells. The phosphorylation levels of 
ERK1/2 protein and phosphorylated K-ras protein of the 
pentagastrin group were 0.43% ± 0.04% and 0.45% ± 
0.06%, which were significantly higher than 0.32% ± 
0.02% and 0.31% ± 0.05% of the control group (Q = 
7.78-4.95, P  < 0.05), and 0.36% ± 0.01% and 0.35% 
± 0.04% of the pentagastrin + proglumide group (Q = 
5.72-4.08, P  < 0.05). There were no significant differ-
ences in the mRNA and protein expression of ERK1/2 
and K-ras among the control, pentagastrin, proglumide 
and pentagastrin + proglumide groups (F  = 0.52, 0.72, 
0.78, 0.28; P  > 0.05).

CONCLUSION: Gastrin stimulates proliferation of 
HT-29 cells and inhibits apoptosis by upregulating 
phosphorylation of ERK and K-ras through the Ras-



Raf-MEK1/2-ERK1/2 pathway, and this is restrained by 
proglumide.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We have demonstrated that large intestinal 
carcinoma is related to abnormal expression of gastrin. 
Gastrin promoted growth of large intestinal cancer cell 
via gastrin receptor, but the detailed molecular mecha-
nism is not fully known. We elucidated the molecular 
mechanisms of gastrin-induced growth of large intes-
tinal cancer in relation to the extracellular signal-regu-
lated protein kinase-mitogen-activated protein kinase 
(ERK-MAPK) signaling pathway. We attempted to es-
tablish a new gastrin-ERK-MAPK pathway in gastrin-de-
pendent large intestinal cancer; provide a new way to 
interfere with the signaling pathway of gastrin-induced 
growth of large intestinal cancer; and to offer a new 
target for gene therapy of large intestinal carcinoma.
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INTRODUCTION
Large intestinal carcinoma including colon and rectal 
cancer, is one of  the most common malignant tumors of  
the human digestive tract. In developed countries such 
as North America, Australia, New Zealand and parts of  
Europe, large intestinal carcinoma is considered to be 
a disease of  Western lifestyle, and has an incidence of  
35-50/10 million people. Large intestinal carcinoma is the 
second to third leading cause of  gastrointestinal cancer-
related mortality worldwide[1-5]. In China, it now ranks 
fourth to fifth[6-8]. In recent years, there has been a trend 
towards an increase in the incidence of  large intestinal 
cancer in China.

Although major progress has been made in under-
standing the molecular mechanisms of  large intestinal 
cancer and several therapeutic agents have been devel-
oped, it is still difficult to be cured and poses a serious 
threat to human health, and remains a major killer in 
China. The general survival rate of  patients with large in-
testinal cancer is no more than 40%. Therefore, it is cru-
cial to know which cytokines regulate the growth of  large 
intestinal cancer, which will help to elucidate the etiology 
of  the tumor. In addition, to explore the mechanisms of  
uncontrollable tumor cell growth in light of  signal trans-
duction pathway could enable us to find a new way to 

treat these malignant tumors.
Previous studies have demonstrated that the occur-

rence of  large intestinal carcinoma is directly related to 
the abnormal expression of  gastrin[9-12]. At the same time, 
some studies have found that gastrin promotes growth 
and inhibits apoptosis of  large intestinal cancer cells. 
However, the detailed molecular mechanism of  gastrin-
regulated growth of  large intestinal carcinoma cells is still 
not clear.

We used the MTT assay to detect changes in prolifera-
tion of  HT-29 cells; annexin V-fluorescein isothiocyanate 
(FITC) flow cytometry to detect the proliferation index 
(PI) and apoptosis rate (AR) of  HT-29 cells; reverse tran-
scriptase polymerase chain reaction (RT-PCR) to detect 
expression of  pentagastrin receptor/cholecystokinin-B 
receptor (CCK-BR), extracellular signal-regulated kinase 
(ERK)1/2 and K-ras; and Western blotting to detect the 
protein and phosphorylation level of  ERK1/2 and K-ras. 
The purpose of  the present study was to explore the ef-
fects and mechanisms of  the ERK-mitogen-activated 
protein kinase (MAPK) signal transduction pathway in 
pentagastrin-induced cell proliferation and apoptosis of  
large intestinal carcinoma.

MATERIALS AND METHODS
Materials and reagents
Ht-29 human large intestinal carcinoma cells were pur-
chased from Shanghai Institutes for Biological Sciences, 
Chinese Academy of  Sciences. Pentagastrin was pur-
chased from Shanghai Tian Yuan Biotechnology Co. Ltd. 
The proglumide and propidium iodide staining kit were 
purchased from Sigma (St. Louis, MO, United States). 
K-ras goat anti-human polyclonal antibody, ERK1/2 
rabbit polyclonal anti-human antibody, phosphorylated 
K-ras (p-K-ras) goat anti-human polyclonal antibody, 
phosphorylated ERK1/2 (p-ERK1/2) rabbit anti-human 
polyclonal antibody, β-actin antibody, and ECL chro-
mogenic detection kit were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, United States). The An-
nexin V-EGFP/PI apoptosis detection kit was purchased 
from Mbchem (Shanghai, China). Reverse transcription 
kit, SK312 Trizol reagent, Taq DNA polymerase, Marker, 
and dNTP were purchased from Promega (Madison, WI, 
United States). The gastrin receptor/CCK-BR, ERK1/2, 
K-ras and muscle β-actin mRNA amplification primers 
were synthesized by Beijing Sunbiotech Co. Ltd. (Beijing, 
China).

Cell culture and grouping
HT-29 cells strain recovery and cell culture after resus-
citation: Cells were subcultured when the cells reached 
80% confluence on United States corning 50 cm cell cul-
ture flasks containing 10% fetal calf  serum RPMI-1640. 
Resuscitated cells with a higher cell density were subject-
ed to timely passage, generally 2-3 d for a new generation. 
Cells in the logarithmic growth phase after digestion and 
centrifugation with removal of  digestive fluid and culture 
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medium were placed for cryopreservation in a -70 ℃ 
liquid nitrogen tank for later use. The cells were divided 
into four groups: control group, pentagastrin group, pro-
glumide group, and pentagastrin + proglumide group.

Detection of cell proliferation and viability
In the logarithmic growth phase, HT-29 cells were digest-
ed into a single cell suspension in 10% fetal bovine serum 
(FBS) medium, and the cell concentration was adjusted 
to 5 × 104 cells/mL. The cells were seeded in 96-well 
culture plates (each well, 200 μL) and cultured for 24 h. 
The culture medium was discarded after the cells became 
adherent. After washing with D-Hank’s solution, serum-
free medium was added and the cells were cultured for 24 
h. We added 100 μL l% FBS medium to each well, along 
with 100 μL of  each drug. In the pentagastrin group, 
pentagastrin concentration was 6.25, 12.5, 25.0, 50.0 or 
100.0 mg/L. In the proglumide group, proglumide con-
centration was 8.0, 16.0, 32.0, 64.0 or 128.0 mg/L. In the 
pentagastrin + proglumide group, pentagastrin concen-
tration was 25.0 mg/L and proglumide concentration was 
8.0, 16.0, 32.0, 64.0 or 128.0 mg/L. The control group 
had no drugs added. Each group of  six wells was cultured 
for 48 h. For the MTT method, MTT (5 mg/mL) was 
added to each well of  the 96-well plate, and incubated at 
37 ℃ for 4 h. The culture medium was then discarded, 
and 150 μL DMSO was added to each well, and the plate 
was shaken for 10 min at room temperature. OD492 was 
measured by ELISA, and the results of  each six wells 
were presented as mean ± SD and the experiments were 
repeated three times.

Detection of cell proliferation and apoptosis
Cells in the logarithmic growth phase were digested with 
0.25% trypsin and adjusted to a concentration of  1.7 × 
105 cells/mL in 10% FBS medium in six-well plates (2 
mL/well). After 24 h, FBS medium was replaced with 
serum-free medium, and cells were cultured for a further 
24 h to absorb the supernatant. Then, we added 1 mL 
1% FBS medium to each well, along with 1 mL of  the 
following: pentagastrin group (25.0 mg/L pentagastrin); 

proglumide group (32.0 mg/L proglumide); pentagastrin 
+ proglumide group (25.0 mg/L pentagastrin + 32.0 
mg/L proglumide) group; control group (no drugs). 
Each group had five wells, and the cells were cultured 
for 48 h. After digestion with 0.25% trypsin, the cells 
were centrifuged at 12000 × g at 4 ℃ for 10 min, and the 
supernatant was discarded. One milliliter of  cold PBS 
was added, and the cell suspension was gently shaken. 
The supernatant was discarded after centrifugation at 
12000 × g at 4 ℃ for 10 min. After washing twice with 
cold PBS, the cells were resuspended in 200 μL binding 
buffer, fixed with 1 mL 70% ethanol, DNA and protein 
stained, and determined by flow cytometry for propor-
tion and the PI of  cell cycle.

After 48 h incubation with or without drugs, cells 
were collected from the control, pentagastrin (25.0 mg/L), 
proglumide (32.0 mg/L), and proglumide (25.0 mg/L) 
+ pentagastrin (32.0 mg/L) groups, and adjusted to a 
concentration of  2 × 106/mL. One milliliter of  cells was 
taken from each group, and centrifuged at 12000 × g at 
4 ℃ for 10 min, and the supernatant was discarded. One 
milliliter of  cold PBS was added to resuspend the cells, 
with gentle shaking. The cell suspension was centrifuged 
again at 12000 × g at 4 ℃ for 10 min. The supernatant 
was removed; the cells were washed twice with cold PBS, 
and resuspended in 200 μL binding buffer. We added 10 
μL Annexin V-FITC and 5 μL propidium iodide, and 
mixed gently in the dark at room temperature for 15 min. 
Then, 300 μL binding buffer was added, and detected the 
cell AR in one hour on the machine.

Detection of CCK-BR, ERK1/2 and K-ras mRNA
Total RNA extraction and cDNA synthesis were per-
formed as described previously[13]. mRNA expression 
of  CCK-BR, ERK1/2 and K-ras was detected by RT-
PCR. The primer sequences are listed in Table 1, and the 
specific steps were carried out according to the kit in-
structions (Promega, Madison, United States). The mean 
optical density (OD) values of  the amplified product 
bands were determined by Tanon gel imaging and Image 
System version 4.0. Results were expressed as the semi-
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Table 1  Primers used for nested reverse transcriptase polymerase chain reaction amplification of cholecystokinin-B receptor, 
extracellular signal-regulated protein kinase 1/2 and K-ras

Name Primer sequence PCR conditions Size (bp)

CCK-BR 1: 5’TCTCGCGAGCTCTACTTAGGG3’ 94 ℃, 30 s 185
2: 5’ACCGACGATGCACGTTGAAG3’ 62 ℃, 30 s

72 ℃, 30 s
ERK1/2 1: 5’TATTCCCGGGCAAGCACTATTT3’ 94 ℃, 30 s 243

2: 5’CGGGCTCATCATTCGGGTCGTA3’ 54 ℃, 30 s
72 ℃, 30 s

K-ras 1: 5’ACAGTGCAATGAGGGACCAGTA3’ 94 ℃, 30 s 275
2: 5’GTATAGAAGGCATCATCAACACC3’ 50 ℃, 30 s

72 ℃, 30 s
Actin 1: 5’ATGATATCGCCGCGCTCGTCGTC3’ 94 ℃, 30 s 342

2: 5’CGCGGTTGGCCTTGGGGTTCAG3’ 60 ℃, 30 s
72 ℃, 30 s

PCR: Polymerase chain reaction; CCK-BR: Cholecystokinin-B receptor; ERK1/2: Extracellular signal-regulated protein kinase 1/2. 
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However, proglumide markedly inhibited gastrin-induced 
proliferation of  large intestinal cancer cells when penta-
gastrin was at the optimal dose of  25 mg/L. However, 
when the proglumide concentration was 32.00 mg/L or 
more, the active cell number in the pentagastrin + pro-
glumide group tended to be constant and the optimal 
dose of  proglumide was 32 mg/L ( F = 24.31, P < 0.05) 
(Tables 2 and 3).

PI and AR
In the pentagastrin group (25.0 mg/L), the PI was 37.5% 
± 5.2%, which was significantly higher than that in the 
control (27.7% ± 5.0%) and pentagastrin (25.0 mg/L) 
+ proglumide (32.0 mg/L) (27.3% ± 5.8%) groups (Q 
= 4.56, 4.75, P < 0.05). In the proglumide (32.0 mg/L) 
group, the PI was 27.4% ± 2.7%, which did not differ 
significantly from the control group (Q = 0.14, P > 0.05) 
(Table 4, Figure 1). In the pentagastrin group (25.0 mg/L), 
the AR was 1.9% ± 0.4%, which was significantly lower 
than in the control (2.5% ± 0.4%) (Q = 4.23, P < 0.05) 
and pentagastrin (25.0 mg/L) + proglumide (32.0 mg/L) 
(2.4% ± 0.3%) (Q = 4.06, P < 0.05) groups. In the pro-
glumide (32.0 mg/L) group, the AR was 2.8% ± 0.5%, 
which did not differ significantly from the control group 
(Q = 1.74, P > 0.05) (Table 4, Figure 2).

Expression of CCK-BR, ERK1/2 and K-ras mRNA
HT-29 cells showed obvious CCK-BR mRNA expression. 
The amplification products of  CCK-BR, ERK1/2, K-ras 

quantitative density ratio of  the samples such as CCK-
BR, ERK1/2, K-ras and β-actin.

Detection of protein expression and phosphorylation of 
ERK1/2 and K-ras 
The protein expression and phosphorylation level of  
ERK1/2 and K-ras were detected by western blotting. 
The specific steps were carried out according to the kit 
instructions. The primary antibody was diluted with Tris-
buffered saline with Tween to a concentration of  1:500, 
and treated with electrophoresis, transfer film and ECL 
development, and Gel Image System software was used 
for the average OD analysis. The results were expressed 
as the relative ratios of  the target gene expression respec-
tively and the β-actin expression.

Statistical analysis
Statistical evaluation was performed using the Student-
Newman-Keul Q test, and the data are shown as mean ± 
SD. All data were analyzed with SPSS version 10.0. P < 
0.05 was considered statistically significant.

RESULTS
HT-29 cell proliferation
The MTT assay showed that pentagastrin stimulated the 
proliferation of  HT-29 cells and inhibited apoptosis in a 
dose-dependent manner (6.25-100 mg/L), and optimal 
dose was 25 mg/L (F = 31.36, P < 0.05). As the penta-
gastrin concentration continued to increase, OD did not. 
Proglumide had no obvious effect on HT-29 cell prolif-
eration at a dose of  8.0-128.0 mg/L (F = 1.38, P > 0.05). 
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Table 2  Effect of different pentagastrin and proglumide concentrations on the proliferation of HT-29 cells (mean ± SD)

Groups n Pentagastrin Proglumide

Concentration (mg/L) OD value Concentration (mg/L) OD value

Control group 6     0 0.44 ± 0.00     0 0.44 ± 0.02
Experimental group 6          6.25  0.48 ± 0.03a     8 0.43 ± 0.03

6      12.5  0.52 ± 0.03a   16 0.44 ± 0.04
6   25  0.57 ± 0.04a   32 0.43 ± 0.03
6   50  0.58 ± 0.04a   64 0.45 ± 0.02
6 100  0.57 ± 0.04a 128 0.45 ± 0.04

aP < 0.05 vs control group. OD: optical density.

Table 3  Effect of combined pentagastrin and proglumide on 
the proliferation of HT-29 cells (mean ± SD)

Groups n Pentagastrin + proglumide

Pentagastrin 
(mg/L)

Proglumide 
(mg/L)

OD value

Control group 6 25     0 0.58 ± 0.02
Experimental group 6 25     8  0.54 ± 0.03a

6 25   16  0.51 ± 0.04a

6 25   32  0.47 ± 0.04a

6 25   64  0.47 ± 0.03a

6 25 128  0.46 ± 0.03a

aP < 0.05 vs control group. OD: optical density.

Table 4  Comparison of proliferation index and apoptotic 
rates between the experimental groups and control group 
(mean ± SD)

Group n PI AR

PI (%) F P  value AR (%) F P  value

Control group 5 27.72 ± 5.00 2.53 ± 0.36
Pentagastrin 
group

5 37.54 ± 5.17a 7.59 0.01 1.91 ± 0.42a 6.50 0.01

Proglumide 
group

5 27.36 ± 2.68c 2.79 ± 0.45c

Pentagastrin 
+ proglumide 
group

5 27.31 ± 5.76c 2.41 ± 0.30c

aP < 0.05 vs control group; cP < 0.05 vs pentagastrin group. AR: Apoptosis 
rate; PI: Proliferation index.
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Figure 1  Analysis of cell cycle diagram by flow cytometry. A: control group, B: pentagastrin group; C: proglumide group; D: pentagastrin + proglumide group.
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Figure 2  Analysis of apoptosis by flow cytometry. A: Control group; B: Pentagastrin group; C: Proglumide group; D: Pentagastrin + proglumide group. FITC: Fluo-
rescein isothiocyanate.
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and β-actin mRNA were 185, 243, 275 and 342 bp, re-
spectively. There was no obvious change in expression of  
ERK1/2 and K-ras mRNA in the control, pentagastrin, 
proglumide and pentagastrin + proglumide groups (F = 
0.52, 0.72, 0.78 and 0.28, P > 0.05) (Table 5, Figures 3, 4 
and 5).

Protein expression and phosphorylation levels of 
ERK1/2 and K-ras 
After incubation of  HT-29 cells with drugs for 72 h, there 
were no significant differences in ERK1/2 and K-ras pro-
tein levels among the control, pentagastrin (25.0 mg/L), 
proglumide (32.0 mg/L) and pentagastrin (25.0 mg/L) + 
proglumide (32.0 mg/L) groups (F = 0.72, 0.28, P > 0.05). 
The protein phosphorylation levels of  ERK1/2 and K-ras 
in the pentagastrin (25.0 mg/L) group were higher than 
in the control (Q = 7.78, 4.95, P < 0.05) and pentagastrin 
(25.0 mg/L) + proglumide (32.0 mg/L) (Q = 5.72, 4.08, 
P < 0.05) groups. There were no significant differences 
in protein phosphorylation levels of  ERK1/2 and K-ras 
between the proglumide (32 mg/L) and control groups (Q 
= 0.71, 1.63, P > 0.05) (Table 5, Figure 5).

DISCUSSION
Gastrin was discovered as early as 1905 in the extracts 
of  gastric antral mucosa and is associated with gastric 
acid secretion. In 1964, it was isolated and identified by 

Gregory and Tracy who explained its chemical struc-
ture and confirmed it as a gastrointestinal hormone[14,15]. 
Gastrin is an important gastrointestinal hormone and 
type of  gastrointestinal peptide that is mainly secreted 
by gastrointestinal G cells. The G cells are typical open-
type cells found in the antrum. As a nutritional gastro-
intestinal hormone, gastrin stimulates the growth of  
normal gastrointestinal tract mucosa, as well as growth 
of  gallbladder, pancreatic, colorectal and gastric carci-
noma and other tumor cells[9,16-18]. Most studies to date 
have shown that gastrin is an autocrine growth factor 
that exerts its function through autocrine, paracrine and 
endocrine ways[19,20]. The combination of  gastrin and its 
receptor can regulate tumor cell growth by intracellular 
signaling transduction, and exert biological effects[17,21,22]. 
Recent studies have demonstrated that the incidence of  
colorectal cancer is related to abnormal expression of  
gastrin. Some researchers have referred to this type of  
colorectal cancer as a hormone-dependent tumor, which 
promotes cell proliferation through generation and secre-
tion of  gastrin, which acts on its own receptor on the cell 
membrane to exert a biological effect, but its effects can 
be inhibited by gastrin receptor antagonist[23,24]. However, 
the molecular mechanism involved in the regulation of  
colon cancer proliferation remains unclear.

In recent years, gene chip technology has been used 
to detect colorectal-cancer-related gene expression. There 
were significant differences in gene expression in many 
internal and external networks, and the cell signal trans-
duction pathway is closely related with the inhibition of  
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ERK1/2 
(243 bp)

b-actin
(342 bp)

Figure 3  Analysis of extracellular signal-regulated protein kinase1/2 and 
β-actin mRNA expression by nested reverse transcriptase polymerase 
chain reaction in HT-29 cells. Lane M: DNA marker; lane 1: control group; 
lane 2: pentagastrin group; lane 3: proglumide group; lane 4: pentagastrin + 
proglumide group. 
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Figure 4  Analysis of K-ras and β-actin mRNA expression by nested re-
verse transcriptase polymerase chain reaction in HT-29 cells. Lane M: DNA 
marker; Lane 1: Control group; Lane 2: Pentagastrin group; Lane 3: Proglumide 
group; Lane 4: Pentagastrin + proglumide group. 

Table 5  Comparison of protein, mRNA and phosphorylation levels of extracellular signal-regulated protein kinase 1/2 and K-ras 
between the experimental groups (mean ± SD) and control group

Group n ERK1/2 K-ras

mRNA Protein p-ERK1/2 mRNA Protein p-K-ras

Control group 5 0.76 ± 0.04 0.56 ± 0.05 0.32 ± 0.02 0.54 ± 0.08 0.56 ± 0.04 0.31 ± 0.05
Pentagastrin group 5 0.79 ± 0.05 0.60 ± 0.04  0.43 ± 0.04a 0.59 ± 0.06 0.57 ± 0.04  0.45 ± 0.06a

Proglumide group 5 0.74 ± 0.06 0.55 ± 0.07  0.31 ± 0.02c 0.53 ± 0.05 0.55 ± 0.04  0.27 ± 0.06c

Pentagastrin + proglumide group 5 0.77 ± 0.05 0.58 ± 0.05  0.36 ± 0.01c 0.55 ± 0.06 0.57 ± 0.04  0.35 ± 0.04c

aP < 0.05 vs control group; cP < 0.05 vs pentagastrin group. ERK1/2: Extracellular signal-regulated protein kinase 1/2. 
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regulation, and is directly involved in cell metabolism, 
proliferation, differentiation and apoptosis[25-29]. MAPK 
is an intracellular serine/threonine protein kinase that is 
present widely in the cytoplasm and nuclei of  most mam-
malian cells. MAPK is involved in transduction of  extra-
cellular stimulation to the cell and its nucleus, and regu-
lates cell proliferation, differentiation, development and 
apoptosis[30,31]. MAPK consists of  ERK, c-Jun N-terminal 
kinase (JNK)/stress-activated protein kinase (SAPK), p38 
and ERK5/BMK1 subgroup of  MAPK. Multiple signal 
pathways are made up of  these subgroups. It has been 
shown that mammalian cells have three parallel MAPK 
pathways: ERK, p38 MAPK, and JNK/SAPK signal 
pathways. Among these, the JNK/SAPK and p38MAPK 
pathways are related to cellular stress and apoptosis, and 
the ERK pathway is closely related to cell proliferation 
and differentiation[32-34]. Many studies have suggested that 
the MAPK signaling pathway is involved in the regulation 
of  growth of  colon cancer cells. The MAPK signal trans-
duction pathway plays an important role in the gastrin-
regulated proliferation of  colon cancer cells, but the 
mechanism is still unclear.

The abnormal expression of  gastrin can lead to un-
controlled growth of  colon cancer cells to form tumors, 
but this effect can be inhibited by the gastrin receptor 
antagonist proglumide[11,13,19,35]. In this study, we found 
that the concentration gradient of  gastrin within a cer-
tain dose range promoted HT-29 cell proliferation and 
inhibited apoptosis. As the concentration increased from 
25 mg/L, proliferation no longer continued to increase, 
which was consistent with the receptor saturation theory. 
It was clear that the number of  gastrin receptors and 
their affinity determined the strength of  the effects on 
colorectal cancer cells. We also found that gastrin pro-
moted the proliferation of  HT-29 cells and inhibited 
apoptosis through accelerating the S and G2 phases of  
the cell cycle. The gastrin-promoted colon cancer cell 
proliferation and inhibition of  apoptosis were inhibited 
by the gastrin receptor antagonist proglumide. In addi-
tion, our study also showed that there was no significant 

impact on the colorectal cancer cell cycle if  we used 
proglumide alone. When we combined pentagastrin with 
proglumide, PI decreased and AR increased, although 
this did not differ significantly from the control group. 
Proglumide markedly inhibited gastrin-induced prolifera-
tion of  large intestinal cancer cells in a dose-dependent 
manner within a certain range, and the optimal dose was 
32 mg/L, which is also in line with the receptor satura-
tion theory.

Gastrin can promote cell proliferation in human large 
intestinal carcinoma and inhibit apoptosis[36-39], but it is 
still unclear through which signal transduction pathways. 
To investigate further the specific molecular mechanism, 
we studied the relationship between gastrin and the ERK-
MAPK signal transduction pathway. ERK is an important 
signal transduction protein kinase and mediates between 
extracellular signals and intracellular responses in eukary-
otic cells. ERK belongs to the MAPK family, and includes 
two isomers ERK1 and ERK2. The intracellular ERK 
signal transduction pathway is deemed to be the classi-
cal MAPK signal transduction pathway, and it has been 
shown to mediate a variety of  extracellular signals through 
different intracellular signaling molecules. ERK activa-
tion comprises a three-stage process: (1) Ras activates 
Raf  protein; (2) activation of  Raf  activates MEK1/2, and 
MEK1/2 is phosphorylated; and (3) phosphorylation of  
MEK1/2 activates ERK1/2, which promotes growth of  
tumor cells[32,33,40,41]. Wang et al[6] have reported that ERK-
MAPK signaling pathway activation reduces expression 
of  the related genes p21WAF1 and p16INK4a, increases 
expression of  c-myc, reduces cell cycle G0 phase, acceler-
ates G1/S phase transformation, and promotes prolifera-
tion of  colon cancer cells.

In general, phosphorylation is a molecular switch 
in signal transduction pathways, which controls protein 
activity in different pathways, such as metabolism, signal 
transduction, cell division, and other aspects. So, we can 
establish through phosphorylation if  the signaling path-
way is activated, and the strength of  the activation. In this 
study, we found that gastrin significantly increased the 
phosphorylation level of  ERK1/2 and K-ras. Proglumide 
alone had no significant effect on the level of  phosphor-
ylation of  ERK1/2 and K-ras in HT-29 cells, but com-
bined with gastrin, proglumide significantly antagonized 
the role of  gastrin, and the protein phosphorylation 
levels of  ERK1/2 and K-ras were significantly reduced 
in HT-29 cells. However, there was no significant differ-
ence in the mRNA and protein expression of  ERK1/2 
and K-ras among the different groups. Our results indi-
cated that gastrin promoted proliferation of  human large 
intestinal cancer cells and inhibited apoptosis, and these 
effects were inhibited by the gastrin receptor antagonist 
proglumide. Gastrin perhaps regulates the proliferation 
and apoptosis of  large intestinal cancer cells by the path-
way Ras→Raf→MEK1/2→ERK1/2, and upregulated 
protein phosphorylation levels of  ERK1/2 and K-ras.

In conclusion, gastrin promotes proliferation of  the 
human large intestinal cancer HT-29 cells and inhibits 
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Figure 5  Analysis of extracellular signal-regulated protein kinase 1/2, p- 
extracellular signal-regulated protein kinase1/2, K-Ras and p-K-Ras pro-
tein expression of each experimental group by Western blotting. 
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apoptosis, but these effects are inhibited by gastrin recep-
tor antagonist proglumide. The ERK-MAPK signaling 
transduction pathway is involved in gastrin-regulated 
proliferation and apoptosis of  large intestinal cancer 
cells. However, which target genes are involved in this 
mechanism under the downstream signaling transduction 
pathway still needs in-depth study. In addition, we expect 
to find a new treatment strategy for gastrin-dependent 
large intestinal carcinoma if  we can competitively inhibit 
the gastrin receptors or reduce the ERK and K-ras phos-
phorylation levels of  the ERK-MAPK signaling pathway. 

COMMENTS
Background
Although great progress has been made in understanding the molecular as-
pects of large intestinal carcinoma and several therapeutic agents have been 
developed, it is still difficult to cure. The general survival rate of large intestine 
cancer patients does not exceed 40%. Therefore, it is important to know which 
cell factors can influence proliferation and apoptosis of cancer cells, to elucidate 
more clearly the etiology of the tumor. Despite abundant evidence to show that 
gastrin may play an integral role in promoting tumor growth in large intestinal 
carcinoma, the detailed molecular mechanisms are not fully known.
Research frontiers
Some recent studies have shown that activation of the extracellular signal-reg-
ulated kinase-mitogen-activated protein kinase (ERK-MAPK) signaling pathway 
is regulated by many kinds of cell factors, including gastrin.
Innovations and breakthroughs
Some studies have found that gastrin promotes proliferation of HT-29 human 
large intestinal cancer cells and inhibits apoptosis. However, the detailed mo-
lecular mechanism by which gastrin mediates cell proliferation and apoptosis of 
large intestinal carcinoma is not fully known. In this study, the authors analyzed 
those effects on the expression of ERK1/2 and K-ras protein and phosphoryla-
tion level. The authors aimed to elucidate the molecular mechanisms of gastrin-
induced growth of large intestinal carcinoma cells from the perspective of the 
ERK-MAPK signaling pathway. They tried to establish a new gastrin-ERK-
MAPK signaling pathway in gastrin-dependent large intestinal carcinoma, 
to provide a new means of interfering with the signaling pathway of gastrin-
induced growth of large intestinal cancer cells. This could provide a novel way 
for us to treat malignant tumors.
Applications
This study aimed to elucidate the molecular mechanisms of gastrin-induced 
proliferation of large intestinal carcinoma cells from the perspective of the ERK-
MAPK signaling pathway, and to provide a new method for interfering with the 
signaling pathway of gastrin-induced growth of large intestinal cancer cells, and 
offer a new target for gene therapy of large intestinal carcinoma.
Terminology
Gastrin is mainly secreted from gastrin-secreting cells (G cells) in the antrum 
mucosa or upper small intestine and large intestine. Medulla oblongata and 
dorsal nuclei of the vagus nerve and central nervous system also secrete 
gastrin. MAPK is an intracellular serine/threonine protein kinase that is widely 
present in the cytoplasm and nucleus of most mammalian cells. It can medi-
ate extracellular stimulation via signal transduction to the cell and its nucleus, 
and regulate cell proliferation, differentiation, development and apoptosis. The 
MAPK family consists of ERK, c-Jun N-terminal kinase/stress-activated protein 
kinase (SAPK), p38 and the ERK5/BMK1 subgroup. ERK is a recently identi-
fied family of protein serine/threonine kinases that occupies a pivotal position 
in intracellular signaling pathways mediating mitogen/growth factor effects. Ras 
was originally isolated from rats with sarcoma, and is widely present in the in-
ner plasma membrane of most mammalian cells. It binds GDP and GTP and 
possesses intrinsic GTPase activity, and is implicated in the regulation of their 
activity. The human Ras family consists of three proto-oncogenes, c-Harvey 
(H)-ras, c-Kirsten (K)-ras, and N-ras.
Peer review
Large intestinal cancer is one of the most common malignant tumors of human 
digestive tract. It is a serious threat to human life. However, the mechanism of 

development of large intestinal carcinoma cells is still not clear. In this paper, 
the author aimed to explore the effects and mechanisms of ERK-MAPK signal-
ing transduction pathway in pentagastrin-induced cell proliferation and apopto-
sis of large intestinal carcinoma. The article is well written on the whole.
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