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Abstract

Objective: To study the significance of c-myc and c-erbB-2 oncogene expres-
sion in gastric cancer. Methods: 81 gastric cancer specimens were detected for
c-myc and c-erbB-2 oncogene amplification using non-radioactive in situ hy-
bridization method. Results: The amplification rates for c-myc and c-erbB-2
were 67.9% and 50.6% respectively, and there were significant correlation in
the amplification of these two genes (y* = 7.26, P < 0.01). Conclusions: The
amplification of c-myc and c-erbB-2 may play an important role in gastric
cancer development, and these two genes may have synergistic effect.
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1. Introduction

The c-myc gene, mapped on human chromosome 8q24, encodes the transcrip-
tion factor c-myc protein, which heterodimerizes with a partner protein, Max, to
regulate gene expression. C-myc positively affects cell cycle regulation, apoptosis
and metabolism, and negatively affects cellular differentiation and cell adhesion.
Ectopic expression of the c-myc oncoprotein prevents cell cycle arrest in re-
sponse to growth-inhibitory signals, leading to uncontrolled cell proliferation.

Moreover, c-myc activation in quiescent cells was sufficient to induce cell cycle
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entry in the absence of growth factors [1]. Deregulated c-myc expression and
signal pathway contribute to the neoplastic phenotype of deregulated growth,
anchorage-independent growth, and glycolytic metabolism. C-myc overexpres-
sion was observed in many different malignancies such as breast cancer, ovarian
cancer, gastric cancer, lung cancer, colorectal cancer and other cancers [2]-[9].
Proto-oncogene c-erbB-2, also called neu of HER-2, is located on human chro-
mosome 17q21. It belongs to a subfamily of type I receptor tyrosine protein ki-
nase that encodes a 185 kDa transmembrane growth factor glycoprotein (P185)
which contains an extracellular ligand-binding domain and intracellular tyrosine
kinase activity. The extracellular region was similar in structure to that of epi-
dermal-growth-factor receptor [10]. Like epidermal growth factor, c-erbB-2 ex-
pression represents a high proliferative activity of tumor cells [11]. Overexpres-
sion was observed in a variety of tumors such as breast, ovarian, gastric, lung,
prostate, colonic, and other cancers [12] [13] [14] [15] [16]. In this paper, we
studied c-erbB-2 and c-myc expression profile in GC tissues using in situ hybri-
dization, objective to investigate the synergistic effects of c-erbB-2, and c-myc in

the carcinogenesis of gastric carcinoma.

2. Patients and Methods
2.1. Clinical Specimens

Totally 81 (53 males and 28 females) gastric carcinoma specimens were collected
from Jan 2016 to Jun 2017 from the affiliated hospital of Taishan Medical Uni-
versity and the oncology institute of medical college of Wuhan University. Age
of the patients was from 37 to 65 years old (average 58.6 years). There were 35
(43.2%) cases with carcinomas at gastric cardia, 17 (21.0%) cases at gastric body
and 29 (35.8%) cases at antrum. According to Lauren classification, there were
33 (40.7%) cases with intestinal type carcinoma and 48 (59.3) cases with diffused
type carcinoma. Thirty-five (43.2%) cases were with well-differentiated carci-
noma and 46 (56.8%) were poorly differentiated carcinoma. In 11 (13.6%) cases
cancer invaded superficial muscle layer and in the rest cancer invaded beyond
deep muscle. 57 (70.4%) cases had lymph node metastases and the other 24
(29.6%) cases not. After surgical removal, the specimens were snap frozen in lig-
uid nitrogen and cryo-sectioned at —26°C, with thickness between 6 to 10 pm,
which were mounted on aminopropyltriethoxysilane (APES, Sigma, St Louis,
Ohio, USA) treated slides. Informed consent was signed according to the Decla-
ration of Helsinki (1975). The research protocol was approved by the human
ethics committee of Affiliated Hospital of Taishan Medical University.

2.2. In Situ Hybridization

The procedures were in accordance to a previous study with a few modifications
[16]. H-C-myc probe was purchased from Sina-American Biotechnology Com-
pany (No. 007, Sanshan Road, National Hi-Tech Industry Development Zone,
Luoyang, Henan Province, China), with the length of 1.4 kb (Exon 3). C-erbB-2
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cDNA probe was a kind gift of Professor Yamamoto from Tokyo University, Ja-
pan. It was the product of c-erbB-2 cDNA degradation by endonucleases Dra
Iand Sma I, with the length of 461bp. Non-radioactive digoxigenin-11-UTP
labeling was performed using random priming method, with reagent kit from
Boehringer mannheims (purchased from Sino-American Biotechnology Com-
pany, No. 007, Sanshan Road, National Hi-Tech Industry Development Zone,
Luoyang, Henan Province, China). The probe concentration was 15 pg/ml and
sensitivity was 0.1 pg DNA. After treatment with 0.1 N HCI, RNase A, protease
K and 0.1% Glycin for 5 minutes, the slides were pre-hybridized for one hour at
room temperature in pre-hybridization solution (4 x SSC, 50% formamide, 1x
Denhardt solution, 0.5% PEG and 0.5 mg/ml ssDNA). After washing the hybri-
dization solution (probe concentration 0.2 ug/ml) was added, the slides were
sealed with cover glass and treated in formamide chamber at 95°C for 10 - 15
min. Then the slides were hybridized overnight at 42°C in a humid chamber, af-
ter which the cover glass was removed in 2 x SSC solutions, and alkaline phos-
phatase labeled anti-DIG antibody (1:500 dilution) was added and incubated at
60°C for 2 h. After washing, 5-bromo-4-chloro-3-indoxyl phosphate disodium
(BCIP)/nitroblu-tetrazolium (NBT) color development substrate was added and
kept in the dark for color reaction, which was terminated by TE buffer washing
when color reaction was sufficient. The slides were counter-stained with eosin,
and sealed. Normal gastric tissues from the same specimens were treated in the

same fashion as negative controls.

2.3. Slides Interpretation

When the slides were viewed under microscope (400x), dark brown-blue gra-
nules and particles could be found in positively stained cells, and the back-
ground was stained red by eosin. Positive and negative stained specimens were
recorded respectively. Data on conventional pathology of the specimens were
collected from routine pathological report based on gross pathology and hema-

toxylin and eosin (HE) stained tissue slides.

2.4. Statistical Analysis

Comparisons between c-myc and C-erbB-2 positive rates in different pathologi-
cal subgroups were analyzed using Chi-square test, with P < 0.05 as statistical

significance.

3. Results

3.1. C-myc and C-erbB-2 Expression in GC Tissues

Of the 81 GC specimens, 55 (67.9%) were found to have c-myc overexpression,
which showed dark-brown granules in cancer tissue (Figure 1).

Of the 81 GC specimens, 41 (50.6%) were found to have c-erbB-2 overexpres-
sion, which showed dark-brown granules in cancer tissue (Figure 2).

The relationship of c-myc and c-erbB-2 overexpression and the pathologic

DOI: 10.4236/0jgas.2017.712032

310 Open Journal of Gastroenterology


https://doi.org/10.4236/ojgas.2017.712032

K. Q. Wanget al.

Figure 1. c-myc expression in gastric cancer tissues detected by non-radioactive labeled
in situ hybridization. Frozen section gastric cancer slides were hybridized with digoxige-
nin-11-UTP labeled c-myc probe, developed by BCIP/NBT and counterstained by eosin.
Positive stain was shown as dark brown particles in gastric cancer cell nests (Immuno-
histochemical staining: 400x).

Figure 2. Non-radioactive labeled in situ hybridization to detect the expression of
c-erbB-2 expression in gastric cancer tissues. Frozen section gastric cancer slides were
hybridized with digoxigenin-11-UTP labeled c-erbB-2 probe, developed by BCIP/NBT
and counterstained by eosin. Positive stain was shown as dark brown particles in gastric
cancer cell nests (Immunohistochemical staining: 400x).

characteristics of tumors were summarized in Table 1.

3.2. Correlation between C-myc and C-erbB2
over Expression

The relationship between C-erbB2 over expression and C-myc over expression
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Table 1. Relationship between the expression of c-myc and c-erbB-2 and pathological
features in gastric cancer tissues n (%).

Pathological characteristics Number c-myc(+) c-erbB-2(+)
Lauren classification
Intestinal type 33 24 (72.7) 17 (51.5)
Diffuse type 48 31 (64.6) 24 (50.0)
Differentiation
Well differentiated 35 26 (74.3) 12 (34.3)*
Poorly differentiated 46 29 (63.0) 29 (63.0)*
Depth of invasion
Superficial muscle 11 9 (81.8) 2 (18.2)*
Deep muscle 70 46 (65.7) 39 (55.7)*
Lymph node metastases
Yes 57 38 (66.7) 34 (59.6)**
No 24 17 (70.8) 7 (29.2)**

Compared to the two groups: *§* = 5.48, P<0.05; " = 3.96, P< 0.05; **y* = 5.25, P< 0.05

Table 2. Correlation analysis of c-erbB-2 and c-myc gene amplification in gastric cancer.

c-myc
c-erbB-2 Total
+ _
+ 34 7 41
- 21 19 40
Total 55 26 81

X =726, P<0.01

was studied in these 44 gastric carcinoma specimens and the results were pre-
sented in Table 2. Correlation analysis showed that the expression level of these
two oncogenes in gastric cancer tissues were highly correlated (y* = 7.26, P <
0.01).

4. Discussion

Study on amplification of cancer gene in gastric cancer tissues, analyzed by
Southern Houldsworth [17], 4 out of 28 cases of gastric carcinoma were
c-erbB-2/HER-2, 1 case of only c-Met, the same method of analysis of 8 cases of
gastric carcinoma with c-erbB-2 Mizutani [18], only 1 was amplified, other gene
amplification has not formed sufficient information, and by immunohistochem-
ical method of c-erbB-2 [16] has been found, c-erbB-3, c-myc, p21, p53 and oth-
er proteins have high expression in gastric cancer. The amplification of sensitive
nonradioactive in situ hybridization detection of two kinds of cancer genes in
gastric carcinoma, c-erbB-2 and c-myc were respectively 50.6% and 67.9%, indi-

cating that both of the amplification were important biological factor in the
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process of gastric cancer. Research shows that the metastasis of c-erbB-2 gene
and gastric cancer tissue differentiation degree, invasion depth and lymph node
(P < 0.05), degree of differentiation, depth of invasion was deeper, lymph node
metastasis, c-erbB-2 gene expression rate was high, indicating activation of
c-erbB-2 gene in cancer cells by play a role to make the depth of the stomach
lymph node metastasis process, participate in the development and progression
of gastric carcinoma. The c-myc oncogene was not related to the degree of diffe-
rentiation, the depth of invasion and lymph node metastasis of gastric cancer.

It was also found that the c-erbB-2 and c-myc gene amplification was signifi-
cantly correlated, which suggesting synergistic effect was generally believed that
the synergistic effect of cancer gene was one of the important factors of cancer,
c-erbB-2 was a growth factor receptor gene, susceptible to external factors to
stimulate the mitogenic signal transduction to intracellular signal transduction
the system, c-myc was a nuclear protein family of oncogenes, when signal
transmission in the nucleus, c-myc amplification and expression, resulting in cell
death. Our results confirm that this synergistic action was true in the pathogene-

sis of gastric cancer.

5. Conclusion

C-erbB-2 gene participates in the development and progression of gastric carci-
noma. The c-myc oncogene was not related to the degree of differentiation, the
depth of invasion and lymph node metastasis of gastric cancer. These two genes

may have synergistic effect.
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