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Abstract
AIM: To study gastrin expression in colorectal carcinoma tissues and 
adjacent mucosa and discuss the function of gastrin in colorectal 
carcinoma.

METHODS: Gastrin expression in colorectal carcinoma tissues and 
adjacent mucosa was examined in 58 cases using immunohistochem-
ical and immunoelectron microscopy.

RESULTS: A total of 35.1% of colorectal carcinoma transitional 
mucosa (TM), 48.3% of nontypical dysplasia mucosa and 60.3% of 
carcinoma tissue were positive for gastrin expression (P  < 0.05). 
Immunoelectron microscopy revealed that protein A gold (PAG) gran-
ules localized to different electron-dense secretory granules in car-
cinoma cells, the intercellular spaces, and the microvillar membrane 
surface.

CONCLUSION: Gastrin expression in colorectal carcinoma tissue 
and adjacent mucosa, and the release of gastrin by carcinoma may 
be an initiating factor in carcinoma occurrence and development. 
Positive gastrin expression in colorectal carcinoma tissues can serve 
as a differentiation marker.
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INTRODUCTION
Recent studies have shown that exogenous gastrin can promote 
human colorectal carcinoma cell strain growth, that colorectal carci-
noma cells express gastrin mRNA, and that gastrin-like material can 
be detected in the culture medium[1-3]. We examined gastrin expres-
sion in 58 cases of human colorectal carcinoma tissue and adjacent 
mucosa by immunohistochemical methods and immunomicroscopy 
to determine the function of gastrin and clinical significance of its 
expression in colorectal carcinoma occurrence and development.

MATERIALS AND METHODS
Light microscopy
Surgically resected specimens were from 58 colorectal cancer 
cases, including 25 colon cancer cases and 33 rectal cancer cases. 
Carcinoma tissues and their adjacent mucosal tissues were resect-
ed separately, fixed in 10% neutral formalin, embedded in paraffin 
and sectioned into three slices. Hematoxylin and eosin (HE), high 
iron diamine-alcian blue (HID-AB), and immunohistochemical stain-
ing was performed. (1) HID-AB staining. Sections were dewaxed 
with dimethylbenzene, dehydrated in alcohol, stained in high iron 
diamine for 6 h, washed with distilled water, soaked with 1% Alcian 
blue, 3% acetic aqueous solution for 15 min, dehydrated with 
anhydrous alcohol, and fixed in xylene. The Filipe and Greaves[4] 

standard was used for scoring transitional mucosa (TM). (2) Immu-
nohistochemical staining of gastrin by the ABC method. A rabbit 
anti-human gastrin antibody and all ABC agents were purchased 
from DAKO Company, and the staining was performed accord-
ing to the manufacturer’s protocol. Normal gastroantrum mucosa 
served as a positive control. PBS and normal rabbit serum served 
as negative controls. The positive judging standard was used as fol-
lows: Weak positive (+) tissue had less than 20% of cells that were 
weakly brown in color with individual brown cells, positive (+++) 
tissue contained more than 60% of cells stained brown or dark 
brown with a few weakly stained brown cells, and moderately posi-
tive (++) tissue stained tissue in a range between the weak posi-
tive and strong positive tissues.
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Table 1 Gastrin expression in colorectal adenocarcinoma tissue and adjacent 
mucosa

Electron microscopy
In the five specimens observed by electron microscopy, three of the 
cases were considered immunohistochemically strong positive (+++) 
for gastrin expression, one was moderately positive (++) and one 
was weakly positive (+). According to Ducke′s tumor stages, three 
cases were stage B and two were stage C. Specimens were acquired 
from fresh material within one minute of removal and were prefixed 
in 2.5% glutaraldehyde. Specimens were then fixed with osmic 
acid, washed with 0.1 mol/L PBS, and embedded in Epon 812. For 
immuno-gold staining (IGS), the staphylococcus Protein A gold (PAG) 
method was used as follows: Tissues were incubated in 1% ovalbu-
min for ten minutes, followed by incubation with a rabbit anti human 
gastrin antibody (1:100) for two hours. Samples were washed with 
0.05 mol/L TBS, and 0.02 mol/L TBS for five minutes each, followed 
by incubation in 1% ovalbumin for ten minutes, PAG (1:7) for 2 
h, 0.02 mol/L-TBS for five minutes, and 0.05 mol/L TBS. Samples 
were transiently stained with uranium acetate and plumbum citrate, 
followed by observation on a JEM-100s electron microscope. Normal 
gastroantrum mucosa served as a positive control. TBS and normal 
rabbit immunoserum served as negative controls.

Statistical analysis
A χ2 test and Ridit analysis were performed, with 95%CI, α = 0.050.

RESULTS
HE and HID-AB staining
We detected non-adenoma and atypical hyperplasia in 29 adjacent 
mucosa from the 58 colorectal carcinoma cases. Fifty-six out of 58 
cases were positive for salivary mucin (blue). The transitional muco-
sa limits were 0.5-6.7 cm, with a mean of 2.12 cm. We acquired 
28 specimens from the distal remnant adjacent to the cancer more 
than 15 cm away from the neoplasm border. Light microscopic 
examination was normal, and sulfomucin staining by HID-AB reac-
tion (dark brown) looked comparable to normal mucosa.

Gastrin immunohistochemical staining
Table 1 demonstrates the relationship between the rate of positive 
gastrin staining in colorectal carcinoma tissue and tumor differentia-
tion, but gastrin expression did not correlate to histological type or 
Ducke’s tumor stage (P > 0.5). There was no relationship between 
gastrin expression in the atypical proliferative mucosa and the 
transitional mucosa, and tumor differentiation, pathological stage 
or tumor type (P > 0.5). The relationship between gastrin expres-
sion in the adjacent transitional mucosa, atypical hyperplasia and 
colorectal carcinoma tissues was statistically significant (P < 0.05). 
A total of 28 normal colorectal mucosal cases were negative for gas-
trin expression.

Immunoelectron microscopy
Colorectal cancer cells were polygonal in shape, with unusual vari-
ably sized nucleoli concentrated on the edge. The cytoplasm con-
tained many vacuolated mitochondria, and the cells contained 
secretion granules 400-1500 nm in diameter with a clear membrane 
border. There were two types of granular appearance: Type A was 
largest in bulk size, with well distributed low electro density, and the 
granular core appeared loose; type B was smaller in bulk size, with 
well distributed high electro density, and the nucleus was usually 
compact. PAG-positive granules partially localized to secretory gran-
ules. PAG-positive granules in highly differentiated cancers primar-
ily localized to type A secretory granules (Figure 1). PAG-positive 
granules in low differentiated cancer primarily localized to type B 
secretory granules (Figure 2). PAG granules partially localized to 
the inside and outside of the cancer cell membrane and microvillus 
membrane.

DISCUSSION
Studies have shown that colorectal cancer cells synthesize and 
secrete gastrin[5,6], and our study further confirmed gastrin was 
expressed in the mucosa of adjacent atypical proliferative and tran-
sitional mucosa, and the rate of gastrin-expressing cells in transi-
tional mucosa, atypical proliferation membrane and colorectal can-
cer tissues showed an increasing trend, suggesting that the gastrin 
expression is one of the initial factors regulating colorectal cancer 
occurrence and development. It has been hypothesized that APUD 
cells synthesize and secrete gastrin after hybridization, allowing for 
gastrin receptor activity on the cell surface membrane to stimulate 
cell proliferation, leading to the development of transitional muco-
sa, atypical proliferation, and ultimately cancer development. The 
cancer cells can synthesize and secrete gastrin to activate gastrin 
receptors and stimulate cell proliferation and cancer formation in a 
positive feedback loop. Inhibition of the positive feedback loop could 
inhibit neoplasm growth. This may open a way for the treatment of 
colorectal carcinoma by using endocrine therapy. Kaneyma et al[7] 

treated colon carcinoma metastasis to the liver by using gastrin 
receptor antagonists and achieved good results.

Immunoelectron microscopy revealed that there were gastrin-
containing secretory granules in colorectal carcinoma cells, and the 
gastrin granules were adsorbed into the cancer cell membrane and 
the inside and outside of the microvillus, and to the carcinoma inter-
stice. These findings provide a morphological basis for colorectal 
cancer cell production of gastrin, and a theoretical basis for endo-
crine treatment. The authors examined serum gastrin levels in 30 
colorectal cancer cases and found that in some patients, serum gas-
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Group Colorectal carcinoma Atypical dysplasia Transitional mucosa

n Positive (%) n Positive (%) n Positive (%)
Histological type
   Tubular 47 29 (61.5) 24 12 (50.0) 45 16 (35.6)
   Nipple 5 3 (60.0) 2 1 (50.0) 5 2 (40.0)
   Mucinous 6 3 (50.0) 3 1 (33.3) 6 2 (33.3)
Differentiation
   Mild 12 11 (91.7) 7 3 (42.8) 12 5 (41.7)
   Moderate 34 18 (52.9) 17 9 (52.9) 32 11 (34.4)
   Low 6 3 (50.0) 2 1 (50.0) 6 2 (33.3)
Ducke′s stages
   A 27 16 (59.2) 13 6 (46.2) 26 10 (38.5)
   B 10 6 (60.0) 4 2 (50.0) 10 4 (40.0)
   C 21 13 (61.9) 12 6 (50.0) 20 6 (30.0)
Total 58 35 (60.3) 29 14 (48.3) 56 20 (35.1)

Figure 1  Protein A gold-positive granules in highly differentiated cancer primarily localized 
to type A secretory granules. Protein A gold × 16000.

Figure 2  Protein A gold granules in low differentiated cancer primarily localized to type B 
secretory granules. × 50000.



trin levels were increased, especially in the cases of well-differenti-
ated cancer[8]. However, the mechanism is not yet clear. Our study 
indicated that gastrin localized to type A granules in highly differenti-
ated adenocarcinoma and to type B granules in poorly differentiated 
adenocarcinomas. G17-positive granules were of type A, and G34-
positive granules were of type B. G17 had higher bioactivity than 
G34, consistent with the above mentioned mechanism.

Gastrin was expressed in 91.7% of highly differentiated cancers, 
which was higher than the middle and low differentiated adenocar
cinoma cases (p < 0.05). Middle and low differentiated adenocar-
cinomas have been shown to produce mutated gastrin mRNA, as 
described by Singh, which leads to insufficient levels of mature 
gastrin[9]. Thus, the positive expression of gastrin in colorectal car-
cinoma tissues may serve as a marker of well differentiated cancer. 
Cases with positive expression in colorectal carcinoma tissues and 
its adjacent mucosa may be good candidates for treatment with a 
gastrin antagonist.
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