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Abstract
Background: The incidence rate of gastric cancer in western countries has shown a remarkable decline in the recent years while it is 
still the most common cancer among males in Iran. The proto-oncogene MYC, located at 8q24.1, regulates almost 15% of human genes 
and is activated in 20% of all tumors. The amplification of MYC and overexpression of its protein product are observed in 15 - 30% of gastric 
neoplasias.
Objectives:  The objective of this study was to find the preferences of Chromogenic In Situ Hybridization (CISH) and Immunohistochemistry 
(IHC) in diagnosis and prognosis of gastric cancer.
Patients and Methods: We studied 102 samples of gastric cancer in Iran and all the patients had undergone primary surgical resection at 
the Cancer Institute Hospital, Tehran University of Medical Sciences. The CISH and IHC techniques were applied for all our samples. All of 
the samples had adenocarcinoma gastric cancer and were selected randomly. Also, the type of study was cross sectional. The sample size 
was 100 patients.
Results: Our data revealed that both diffuse and intestinal types of gastric cancer occurred significantly more in males than females. Our 
results showed that there was an indication of some correlation between grades and CISH, although the difference was not significant. Our 
data also showed that CISH positive patients (43%) were more frequent compared to IHC positive patients (14.7%). There was a correlation 
between CISH and IHC. These results revealed that there was a significant difference between grades and IHC. There was also no statistical 
difference between CISH amplification in diffuse and intestinal types.
Conclusions: From the results, it could be concluded that for administration of the treatment of stomach cancer, and progress and 
prognosis of tumor, which is important for patients and clinicians, the CISH is a better and more feasible test than IHC, in regards to 
sensitivity and specificity.
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1. Background
Cancer is a leading cause of death worldwide and ac-

counts for 7.6 million deaths every year. The first and 
second most common causes of cancer death in the 
world are lung cancer (1.37 million deaths, annually) 
and gastric cancer (736000 deaths, annually), respec-
tively (1). About 70% of all cancer deaths have occurred 
in low- and middle-income countries. Gastric cancer 
is the fourth most common cancer in males, while in 
females it is the fifth most common cancer (based on 
statistics published in 2008) (2). The incidence rate 
of gastric cancer in western countries has shown a 
remarkable decline in the recent years while it is still 
the most common cancer among males in Iran. Based 
on Age-Standardized Incidence Rates (ASR) the most 
common cancer in males was stomach (10.2), while in 

females, stomach cancer (5.1) was the third most com-
mon cancer (3). Although the incidence of stomach can-
cer is decreasing, it is still a major health problem and a 
major cause of cancer death around the world (4).

It has been suggested that carcinogenesis of stomach 
cancer is due to a collection of genetic alterations of 
many genes such as oncogenes, tumor suppressor, and 
mismatch repair genes (5). It has been suggested that 
there are many genes that raise the risk of stomach can-
cer, because some genes such as MCC, APC, and P53 tumor 
suppressor genes have been found in a numerous cases 
of gastric cancers (6).

Cadherin-1, also known as CAM 120/80 or epithelial 
cadherin (E-cadherin), is a protein that in humans is 
encoded by the CDH1 gene, which is a tumor suppressor 
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gene (7). Many researchers have reported E-cadherin, a 
calcium-dependent adhesion molecule that is respon-
sible for cellular binding to adjacent cells, as an impor-
tant part in the etiology of stomach carcinogenesis (8). 
Genetic predisposition implicates transmission of a 
single mutated CDH1 allele. If a second similar allele has 
been in the E-cadherin gene, then lack of intracellular 
adhesion causes an increase in intracellular permeabil-
ity (9). A broad range of mutations has been found in 
gastric cancers (10).

The frequency of stomach cancer is higher among se-
nile populations, manifesting more at about 70 to 80 
years of age. In a study with a large sample, the mean age 
of diagnosis was 67 years old (11). Worse clinicopatho-
logic characteristics and prognosis for gastric cancer has 
been suggested among young patients (12). The proto-
oncogene MYC, located at 8q24.1, encodes a nuclear phos-
phoprotein, regulates almost 15% of human genes and is 
activated in 20% of all tumors (13).

Activation of unsuitable MYC gene, which contributes 
to the development of human tumors, is functioned 
through different mechanisms: chromosome transloca-
tions, which has already been shown in Burkitt lympho-
ma; juxtaposition of the promoter region of the immu-
noglobulin heavy chain gene, which is highly expressed 
in B cells, because it is next to the MYC gene; excitation 
of gene transcription, as has been documented in colon 
cancer cells; retrovirus insertion next to the MYC locus, 
where through the retroviral regulatory sequences, the 
MYC expression would be activated, and gene amplifi-
cation and the copy number of MYC gene would be ex-
cessed, and as a result its expression would be increased 
between other cells (14).

Hence, any changes in MYC oncogene are usually 
persuaded by phenomena such as gene amplification, 
chromosome translocation, point mutations, viral in-
sertion at the MYC locus, and resistance of MYC protein 
to ubiquitin-mediated proteolysis and raised transla-
tion or transcription by signaling other oncogenic 
pathways (15).

The location of the MYC protein is in the nucleus, and 
acts as a growth promoter and a transcription factor. 
Transcription factors of bHLH are a big family, which 
contain MYC, and form homo and heterodimers with 
themselves and with other family members. These di-
meric complexes are related to regulatory sequences 
called E-boxes (with CACGTG sequence), detected in pro-
moters of target genes, which they regulate (16). One of 
the necessary ligands for most of biological functions 
is the MAX protein, which is used by MYC. When MAX 
and MYC proteins dimerize, they will act to activate 
transcription. Although it seems that the MYC protein is 
expressed independently, yet in fact, the MYC protein of 
each cell is complexed with the MAX protein (17).

Usually, the levels of MAX are stable within cells, 
yet the MYC levels are strongly affected by mitogenic 
signals. In this regard, when normal cells are grown 

without mitogenic components, the level of MYC will 
fall, while, MYC accumulates significantly in the pres-
ence of serum mitogens. This indicates that the levels 
of MYC-MAX heterodimer are constantly regulated by 
the current of mitogenic signals, which normal cells 
receive (16). The MYC gene has three exons, and its 
protein products (p64 and p67) include strongly con-
served nuclear phosphoproteins, with high amounts 
of p64 compared with p67, called MYC-2 and MYC-1, re-
spectively (18).

It has been suggested that patients with late stages of 
gastric cancers or with metastases, show higher levels 
of MYC amplification, and on the contrary, patients at 
the early stages show lower amplification (19). The am-
plification of MYC and overexpression of its protein are 
found in 15 to 30% of gastric cancers (20). Some authors 
have suggested that MYC overexpression is more fre-
quent than MYC gene amplification in stomach adeno-
carcinoma (21). In more than 40% of cases with stomach 
cancer, overexpression of MYC has been reported (22). 
Some researchers have reported on the association be-
tween metastasis and higher level of MYC expression 
(22). Another report showed that MYC mRNA levels were 
also higher in patients with metastasis than in cases 
with primary lesions (23). Yang et al. pointed out that in 
advanced stomach cancers, MYC expression was higher 
than in early stages (24). On the contrary, Onoda et al. 
suggested that MYC expression was more frequent in 
early than in advanced lesions, yet other studies have 
not proved this difference (23). Tsuboi et al. (19) noticed 
that MYC protein expression elevated gradually as the 
lesion progressed, such as that found in chronic ac-
tive gastritis, gastric ulcer, mild non-classic prolifera-
tion, severe non-classic proliferation, and early and ad-
vanced stomach cancer (19) These findings proved that 
MYC amplification could be a serious phenomenon of 
gastric carcinogenesis.

2. Objectives
The objective of this study was to find the preferences of 

CISH and IHC in diagnosis and prognosis of gastric can-
cer among 102 patients with adenocarcinoma.

3. Patients and Methods

3.1. Clinical Specimens
This investigation included 102 Iranian patients with 

adenocarcinoma gastric cancer. The type of study was 
cross sectional. This study was done from year 2009 
to 2014. Samples were gathered from 102 paraffin-em-
bedded blocks, and also 50 blocks from adjacent nor-
mal stomach mucosa, as negative control samples. All 
patients had stomach surgery at the Cancer Institute 
Hospital, Tehran University of Medical Sciences. All 
patients had a negative history of exposure to either 
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chemotherapy or radiotherapy before surgery. Origi-
nally, the samples were 105 patients, yet three samples 
were excluded, because they received a new adjuvant 
therapy. The main objective of this study was to inves-
tigate the expression of C-MYC in patients with gas-
tric cancer. More than 40% of stomach cancers show 
abundant expression of MYC, as indicated by previous 
reports. The sample size was calculated using the fol-
lowing formula:

(1) n = z2 p(1−p)
d 2

Considering that Z = 1.96, P = 40% and accuracy was 10%, 
92 samples were sufficient for this study. To ensure a 10% 
increase, 100 samples were studied.

(2) N = (
(1.96)2×(0.4×0.6))

0.12 = 92.2

Patients and tissue samples: sample size for this study 
was calculated.

Patients’ approval was retained according to local au-
thorities by the Ethics Committee, Tumor Bank, Cancer 
Institute of Iran. Written informed consent was obtained 
from all participants and the Institutional Ethics Com-
mittee approved the study.

Gastric cancer samples were classified according to 
Lauren (25). The patients were staged using a standard 
method by Tumor-Nodes-Metastasis (TNM) staging (26).

3.2. Chromogenic In Situ Hybridization
Chromogenic in Situ Hybridization (CISH) was carried 

out on 3-µm-thick formalin-fixed paraffin-embedded tis-
sue sections. The 3-µm-thick sections were cut from paraf-
fin blocks and dewaxed with xylene, and then rehydrat-
ed with a series of 70% to 100% ethanol and water. Target 
retrieval and enzyme digestion were achieved using a 
commercially available tissue pretreatment kit (no.C-
3018-40; from ZytoDot Germany). All denaturation and 
hybridization kits were made in China.

On the first day, slides were incubated in pretreatment 
buffer, in a water bath (mmert-Germany) to at least 
85°C for 30 minutes, with a ZytoDot CISH Implementa-
tion Kit (Germany). Next, pepsin solution was applied 
to the tissue followed by incubation for eight minutes 
at room temperature in a humidity chamber. The sec-
tions were dehydrated in upgrading ethanol series and 
air-dried. Ten microliters of zytoDot CISH probe C-MYC 
were applied to the slides, and the slides were enclosed 
by a coverslip (22 x 22mm) and denatured on a hot plate 
for five minutes at 94 - 95 °C. The slides were then trans-
ferred to a humidity chamber and hybridized over-
night at 37°C.

On the second day, the coverslip was removed by soak-

ing in Standard Saline Citrate (SSC) solution at room tem-
perature for five to ten minutes and washed in SSC buffer 
for five minutes at 75°C. The slides were incubated in 3% 
H2O2 for 10 minutes. Blocking solution was also applied 
to the slides. Next, a hybridized probe linked to digoxi-
genin was detected by mouse anti-digoxigenin antibody 
followed by polymerized horseradish peroxidase anti-
mouse immunoglobulin. Peroxidase was developed with 
diaminobenzidine, and nuclei were counterstained with 
hematoxylin. All detection reagents were provided by 
commercially available kits.

The interpretation of CISH results was performed by 
the first author (M.Kh) with a light microscope using a 
40 × objective (original magnification, 100 ×; Figure 1 A 
- D). Signals were seen as nuclear dark brown dots. Fifty 
to 100 non-overlapping tumor cell nuclei were evaluat-
ed per sample. A gene copy number of one to two copies 
per nucleus were scored as “no amplification” (Figure 
1A). A gene copy number of two to four copies per nu-
cleus in at least 50% of cancer cells were considered as 
“low-level amplification” (Figure 1B). A gene copy num-
ber of four to six copies per nucleus in at least 50% of 
cancer cells were considered as “moderate level ampli-
fication” (Figure 1C). A gene copy number of more than 
six copies per nucleus or the presence of clusters in at 
least 50% of cancer cells was considered as “high-level 
amplification” (Figure 1D) (18, 19, 27). Non-neoplastic 
cells in tissues were always considered as in-test qual-
ity controls. Chromogenic in situ hybridization were 
evaluated with Leitz microscope images and were cap-
tured with a digital Nikon camera. All the slides of pa-
tients were confirmed for diagnosis and were checked 
for CISH and IHC by one senior pathologist (I.J).

3.3. Immunohistochemistry
Immunohistochemical staining was performed ac-

cording to Calcagno et al. (28). The 3-µm-thick sections 
were cut and deparaffinized. Slides were incubated in 
hydrogen peroxide, and antigen retrieval was carried 
out by heat treatment in 0.294% wt/vol citrate buffer at 
pH 6.0 in a domestic microwave oven (botan-Iran) as 
follows: 900 W for five minutes and then 600 W for 10 
minutes, excluding slides that were dried out. Tissues 
were incubated in digestive enzyme (pepsin enzyme), 
for five minutes. Super Block was then applied. Immu-
nohistochemical staining was performed using the 
Horse-Radish Peroxidase (HRP) method with a mono-
clonal antibody (monoclonal rabbit, Ready to use, PME 
415 AA Biocare Medical, USA), as recommended by the 
manufacturer. A universal peroxidase-conjugated sec-
ondary antibody kit (AmpliStain Anti-Mouse/Rabbit 
1-Step HRP, Germany) was used for the detection system 
(SDT, Germany). The slides were visualized with diami-
no-benzidine-H2O2 (DAB) and counterstained with he-
matoxylin (SDT). Any nuclear stain with or without cy-
toplasmic staining was considered as positive results, 
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irrespective of intensity (Figure 2). A MYC-positive case 
was defined as one having 10% or more tumor cells posi-
tive for this protein.

3.4. Data analysis
The statistical calculation was carried out using version 

18 of the SPSS software for Windows. In order to assess the 
degree of agreement between CISH and IHC test, Kappa 
statistics was applied. The variables of patients according 
to the two types of diffuse and intestinal gastric cancers 
were analyzed using the chi-square test. The variables of 
patients according to C-MYC amplification (CISH) and C-
MYC expression (IHC) with two groups were tested with 
the Mann-Whitney test, and variables with more than two 
groups were tested with Kruskal-Wallis. For determining 

the association between CISH and IHC, Kappa test and the 
Spearman correlation coefficient were used. Commen-
tary of the Kappa test was as follows: poor agreement 
(less than 0.20), fair agreement (0.20 to 0.40), moderate 
agreement (0.40 to 0.60), good agreement (0.60 to 0.80), 
and very good agreement (0.80 to 1.00) (29). P values of 
less than 0.05 were considered as significant in all tests.

4. Results
This investigation included 102 patients from Iran with 

gastric adenocarcinomas. In our samples, 78 patients 
were males and 24 cases were females, and the average 
age was 60.62 years old. The amplification of MYC and its 
protein expression (CISH and IHC tests) were carried out 
and analyzed for all patients.

Figure 1. The Results of MYC Amplification by Chromogenic In Situ Hybridization Test

A, No amplification; B, Low amplification (2 - 4 signals); C, Moderate amplification (4 - 6 signals); D, High amplification (more than six signals, which 
looked as large copy gene clusters in the majority of the nuclei of gastric cancer cells) (original magnification, 500 ×).
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4.1. Clinical Results
The clinicopathological features are shown in Table 

1. The location of the tumor was the fundus in 35.3% of 
patients, while the location was the cardia in only 3%. 
Types of gastric cancers were diffuse (56.9%) or intesti-
nal (43.1%). The average tumor size of patients was 6.49 
cm. Table 1 shows that some of the variables including 
gender, location of tumor, necrosis, vascular invasion, 
perineural invasion, CISH, and IHC had significant dif-
ferences amongst the diffuse type, while gender, loca-
tion of tumor, vascular invasion, necrosis, CISH, and 
IHC had significant differences amongst the intestinal 
type. This means that subgroups of each variable are dif-
ferent in the two types of gastric cancer. These results 
also showed that there was no relationship between 
age, grade and stage, and type of stomach cancer. Our 
data revealed that both diffuse and intestinal types of 
gastric cancer occurred significantly more in males 
than females (Table 1). The majority of our patients 
(69.6%) were in grades II and III, which was the same as 
the stages, with 59.8% in stages II and III (Table 1).

4.2. Chromogenic In Situ Hybridization (CISH) 
Results

The results of CISH and IHC are shown in Table 1. This 
study revealed that there was no association between age, 
gender, tumor location, necrosis, vascular invasion, peri-
neural invasion, stages and type of gastric cancer, and the 
CISH test. Our data showed that there was an indication 
of some correlation between grades and CISH, although 
the difference was not significant. Our data also showed 
that CISH+ patients (43.1%) were more frequent compared 
to IHC+ patients (14.7%). Table 3 shows the correlation be-

tween CISH and IHC. Different amplifications by the CISH 
test are shown in Table 2. According to our CISH data, 58 
samples showed no amplification and among 44 samples 
with CISH+, 24 samples showed low amplification. Six 
samples showed moderate amplification and 14 samples 
showed high amplification. We also considered low am-
plification as CISH+ (Table 3).

4.3. Immunohistochemistry (IHC) Results
 Table 2 shows the comparison of CISH and IHC. This 

result revealed that there was a significant difference 
between grades and IHC. Table 3 shows the results of 
IHC positive and negative patients. Immunoreactiv-
ity of MYC was seen in 15 patients. In 13 patients both 
MYC amplification and MYC immunoreactivity were 
observed. Fifty-six samples had no amplification and 
were IHC negative. Also among 44 positive samples 
for CISH, 13 samples had positive signals for IHC and 31 
samples had negative signals for IHC. Most of the IHC 
negative patients had no amplification yet only two 
IHC positive patients had no amplification. Normal 
cells also had IHC negative results (Table 3). Our pa-
tients were divided to four groups. The first group was 
both CISH+ and IHC+ (12.7%). The second was CISH+ and 
IHC- (30.3%). The third group was CISH- and IHC+ (2%). 
The fourth group was CISH- and IHC- (55%). Amongst 
our four groups, the kappa test result was 0.284, which 
indicated fair agreement between CISH and IHC (Table 
3). To determine the association between CISH and IHC 
testing, the Spearman correlation coefficient was ap-
plied. The correlation coefficient was -0.365 with a p 
value of 0.0001, indicating that these two tests were 
related. In this investigation 43% of the samples were 
positive for CISH, yet only 14.7% were positive for IHC.

Figure 2. The Results of C-MYC Expression by the Immunohistochemistry Test

A, Negative IHC in gastric adenocarcinoma; B, Positive IHC in gastric adenocarcinoma.
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Table 1. Clinical and Laboratory Results of Patients According to the Two Types of Diffuse and Intestinal Gastric Caners

Variable
Type of Gastric Caners

Diffuse Intestinal
No. (%) P Value No. (%) P Value

Age, y 0.132
< 60 28 (48.3) 0.793 17 (38.6)
> 60 30 (51.7) 27 (61.4)

Gender 0.000 0.000
Male 44 (75.9) 34 (77.3)
Female 14 (24.1) 10 (22.7)

Location of Tumor 0.0001 0.009
Fundus 25 (43.1) 11 (25)
Pylorus 3 (5.2) 2 (4.5)
Esophagus 6 (10.3) 3 (6.8)
Cardia 2 (3.4) 1 (2.3)
Lesser curvature 5 (8.6) 8 (18.2)
Corpus-body 11 (19) 8 (18.2)
Antrum 5 (8.6) 11 (25)
Missing 1 (1.7) -

Grade 0.319 0.110
I 16 (27.6) 13 (29.5)
II 16 (27.6) 21 (47.7)
III 24 (41.4) 10 (22.7)
Missing 2 (3.4) -

Necrosis 0.002 0.002
Yes 13 (22.4) 6 (13.6)
No 9 (15.5) 11 (25)
N/A 28 (48.3) 24 (54.4)
Missing 8 (13.8) 3 (6.8)

Vascular invasion 0.001 0.001
Yes 48 (82.8) 30 (68.2)
No 6 (10.3) 13 (29.5 )
Missing 4 (6.9) 1 (2.3)

Perineural invasion 0.002 0.446
Yes 39 (67.2) 24 (54.5)
No 16 (27.6) 19 (43.2)
Missing 3 (5.2) 1 (2.3)

Stage 0.313 0.651
I 13 (22.4) 9 (20.5)
II 18 (31) 14(31.8)
III 17 (29.3) 12 (27.3)
IV 9 (15.5) 9 (20.5)
Missing 1 (1.7) 0(0)

CISH Amplification
< 2 Signals 32 (55.2) 0.0001 26 (59.1) 0.0001
2 - 4 Signals 14 (24.1) 10 (22.7)
4 - 6 Signals 4 (6.9) 2 (4.5)
(> 6 Signals 8 (13.8) 6 (13.6)

IHC 0.0001 0.0001
Positive 11 (19) 4 (9.1)
Negative 47 (81) 40 (90.9)
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Table 2. Clinical and Laboratory Results of Patients According to C- MYC Amplification (CISH) and C-MYC Expression (IHC)

Variable
IHC CISH

Positive (n = 15) Negative (n = 87) No (n = 58) Low (n = 24) Moderate (n = 6) High (n = 14)
No. (%) No. (%) sig No. (%) No. (%) No. (%) No. (%) sig

Age, y 0.830 0.320
< 60 7 (46.7) 38 (43.7) 27 (46.6) 12 (50) 3 (50) 3 (21.4)
> 60 8 (53.3) 49 (56.3) 31 (53.4) 12 (50) 3 (50) 11 (78.6)

Gender 0.728 0.336
Male 12 (80) 38 (43.7) 43 (74.1) 17 (70.8) 6 (100) 12 (85.7)
Female 3 (20) 49 (56.3) 15 (25.9) 7 (29.2) 0 (0) 2 (14.3)

Location 0.824 0.330
Fundus 7 (46.7) 29 (33.3) 14 (24.1) 13 (54.2) 3 (50) 6 (42.9)
Pylorus 1 (6.7) 4 (4.6) 3 (5.2) 0 (0) 1 (16.7) 1 (7.1)
Esophagus 1 (6.7) 8 (9.2) 7 (12.1) 0 (0) 0 (0) 2 (14.3)
Cardia 0 (0) 3 (3.4) 2 (3.4) 0 (0) 0 (0) 1 (7.1)
Lesser Cur-
vature 2 (13.3) 11 (12.6) 7 (12.1) 4 (16.7) 1 (16.7) 1 (7.1)

Corpus-
body 1 (6.7) 18 (20.7) 14 (24.1) 3 (12.5) 1 (16.7) 1 (7.1)

Antrum 3 (20) 13 (14.9) 10 (17.2) 4 (16.7) 0 (0) 2 (14.3)
Missing - 1 (1.1) 1 (1.7) 0 (0) 0 (0) 0 (0)

Grade 0.002 0.061
I 1 (6.7) 28 (32.2) 20 (34.5) 7 (29.2) 0 (0) 2 (14.3)
II 3 (20) 34 (39.1) 22 (37.9) 9 (37.5) 2 (33.3) 4 (28.6)
III 11 (73.3) 23 (26.4) 15 (25.9) 8 (33.3) 4 (66.7) 7 (50)
Missing - 2 (2.3) 1 (1.7) 0 (0) 0 (0) 1 (7.1)

Necrose 0.790 0.167
Yes 3 (20) 16 (18.4) 14 (24.1) 2 (8.3) 2 (33.3) 1 (7.1)
No 4 (26.7) 16 (18.4) 9 (15.5) 5 (20.8) 2 (33.3) 4 (28.6)
N/A 7 (46.7) 45 (51.7) 31 (53.4) 14 (58.3) 2 (33.3) 5 (35.7)
Missing 1 (6.7) 10 (11.5) 4 (6.9) 3 (12.5) 0 (0) 4 (28.6)

Vascular 
invasion 0.248 0.238

Yes 12 (80) 66 (75.9) 43 (74.1) 19 (79.2) 4 (66.7) 12 (85.7)
No 1 (6.7) 18 (20.7) 13 (22.4) 4 (16.7) 1 (16.7) 1 (7.1)
Missing 2 (13.3) 3 (3.4) 2 (3.4) 1 (4.2) 1 (16.7) 1 (7.1)

Perineural 
invasion 0.072 0.148

Yes 12 (80) 51 (58.6) 33 (56.9) 15 (62.5) 5 (83.3) 10 (71.4)
No 2 (13.3) 33 (37.9) 23 (39.7) 8 (33.3) 1 (16.7) 3 (21.4)
Missing 1 (6.7) 3 (3.4) 2 (3.4) 1 (4.2) 0 (0) 1 (7.1)

Stage
I 4 (26.7) 18 (20.7) 0.252 15 (25.9) 5 (20.8) 0 (0) 2 (14.3) 0.508
II 5 (33.3) 27 (31) 18 (31) 6 (25) 3 (50) 5 (35.7)
II 6 (40) 23 (26.4) 17 (29.3) 6 (25) 2 (33.3) 4 (28.6)
IV 0 (0) 18 (20.7) 8 (13.8) 6 (25) 1 (16.7) 3 (21.4)
Missing 0 (0) 1 (1.1) 0 (0) 1 (4.2) 0 (0) 0 (0)

Type 0.165 0.706
Diffuse 11 (73.3) 47 (54) 32 (55.2) 14 (58.3) 4 (66.7) 8 (57.1)
Intestinal 4 (26.7) 40 (46) 26 (44.8) 10 (41.7) 2 (33.3) 6 (42.9)
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Table 3. The Results of the Correlation Between C-MYC Amplification and C-MYC Expression Among 102 Patients With Stomach 
Cancersa,b

IHC CISH Total

Positive Negative

Positive 13 (12.7) 2 (2) 15 (14.7)

Negative 31 (30.4) 56 (55) 87 (85.3)

Total 44 (43.1) 58 (57) 102 (100)
aKappa: value agreement = 0.284, percentage of agreement = 28.4%, P value = 0.0001, statistically significant difference from zero.
bThe values are presented as No. (%).

5. Discussion
In the present investigation, 102 patients with stomach 

cancer were assessed. Our cases included of 78 males and 
24 females, with a male: female ratio of nearly 3:1, and an 
average age of 60, 62. Our data were in agreement with 
another research, which gave a ratio of 2:1 and the major-
ity of the patients were older than fifty-five (30). Another 
study from Iran was also in agreement with our results 
and mentioned that gastric cancer was the most com-
mon cancer in Iranian males (31).

In this study, the tumor location was divided into seven 
subgroups and the majority of our patients had a tumor 
in the fundus location. If we divided our patients into two 
groups of cardia and non-cardia, we would have only 3% 
cardia and 97% non-cardia. One research studied gastric 
cancer among 125 samples, with only two subgroups of 
cardia and non-cardia, and found that 58.4% of the sam-
ples were in the non-cardia subgroup, which is in agree-
ment with our results (30).

The majority (59.9%) of our patients had the diffuse type, 
yet some authors reported intestinal type more than the 
diffuse type (30-32). The best explanation for this differ-
ence is that their samples were from Brazil and Japan, 
both being high-risk areas, yet our data was from Tehran, 
which is considered a low-risk area. It has been already 
documented that intestinal type of gastric adenocarcino-
ma was more frequent than the diffuse type in high-risk 
countries (33).

Some authors have reported an association between 
overexpression of C-MYC and over 50% of cancers in hu-
mans, and also the effect of this overexpression on inva-
siveness and worse prognosis in patients. Contribution 
of MYC to tumorigenesis by persuading reinless cellular 
growth, angiogenesis, proliferation, and genomic in-
stability has been already documented (34). It was sug-
gested that the C-MYC constitutive expression owing to 
amplification, mutation, or chromosome translocation 
involves the development and progression of various 
cancers (35). C-MYC persuades point mutations, imperfect 
replication initiation, DNA breakage, changes of DNA re-
pair, and causes remodeling of the 3D nuclear structure 
of telomeres and chromosomes, thus leading to topolog-
ical positions that initiate genomic instability (36).

Most of the patients in different studies were at the ear-

ly stage of gastric cancer and from high-risk areas, such 
as Japan and Korea. However, another author showed 
higher MYC amplification in the diffuse-type, than the 
intestinal-type, which agreed with our results (28). One 
study of IHC analysis revealed that MYC expression was 
more frequent in the intestinal-type than the diffuse-type 
(37). On the contrary, we observed more frequent MYC ex-
pression in the diffuse type. 

Association of MYC over-expression with the prolifera-
tive phases of cells has been documented and this expres-
sion was shown only in proliferative phases of develop-
ment, but not in quiescent or terminally differentiated 
cells (38). Our results revealed that there was a significant 
difference between grades and IHC. We showed an in-
crease in MYC expression, especially in grades II and III. 
This result is similar to the findings of previous results, 
which revealed that MYC expression is down regulated 
with cell differentiation, and also another investigation, 
which showed the MYC expression was repressed in grade 
I gastric cancers, whereas there was a significant increase 
of MYC protein expression in grades II and III (38). In 
our investigation there was no significant difference be-
tween IHC and stage. However, some studies have shown 
high levels of MYC protein expression at early stages (39). 
There was no significant difference in the percentage of 
cells with C-MYC gene amplification between early (pT1) 
and advanced (pT2-4) stomach cancers (39). This study 
was in agreement with our investigation.

It was suggested that there was no association between 
C-MYC gene amplification and differentiated/undifferen-
tiated carcinomas (39). However, our data showed that 
there was an indication of some correlation between 
CISH and grades, although the difference was not signifi-
cant.

The range of MYC overexpression was reported from 
15.6% to 100% at the early stages of stomach cancer (40). 
However, in our study only 14.7% showed MYC immuno-
reactivity (IHC+) in both types, and 85.3% had no expres-
sion. This level was less than previous studies (30). The 
probable reason is that all of our patients were randomly 
selected from different stages. The most usual mecha-
nism of deregulation of MYC in stomach cancer is MYC 
amplification (41). This mechanism leads to enhanced 
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oncogenic products in quantities that exceed the tran-
scriptional capacity (42). In this regard, we also observed 
three or more MYC gene copies (dots) in 43% of gastric tu-
mors among our patients. However, in previous studies, 
all of the samples showed amplification. Therefore, this 
investigation was not in agreement with previous stud-
ies (27, 28, 43). The probable cause would be that all of our 
samples were from different stages (mostly late stage), 
yet in the previous two studies, the samples were only 
from early stages. Our study also showed that amplifica-
tion of C-MYC in the diffuse type was more frequent than 
in the intestinal type, which was not in accordance with 
some previous reports (28, 43). Also our study revealed 
no correlation between age, gender, tumor location, ne-
crosis, vascular invasion, perineural invasion and type 
of gastric cancer, and CISH test. One study from China re-
vealed that any relationship between MYC amplification 
and clinicopathological characteristics (grade, stage, 
lymph node metastasis, tumor location) in gastric cancer 
is correlated with ethnicity (44). “However, due to the fact 
that our study could not find any relationship between 
MYC amplification and clinicopathological characteris-
tics, it is possible to report that the ethnicity of Iranian 
patients afflicted, might lead to no relationship between 
these two parameters.”

Among our samples 12.7% had both positive CISH and 
IHC. Although we observed C-MYC amplification (CISH-) 
and IHC+ in only two patients, it seems that this may have 
been an artifact. Overall, 30.3% of our patients showed 
C-MYC amplification (CISH+), yet the protein was not ex-
pressed (IHC-) (Table 3). The possible explanation would 
be that a mechanism might have degraded the protein or 
the mRNA (45). Our data showed a correlation between 
CISH and IHC, and the percentage of positive CISH and 
IHC were 43% and 14.7%, respectively. Therefore, it might 
be concluded that CISH is a better test than IHC.

Some authors discussed on the molecular therapeutic 
targeting of MYC and showed that MYC inactivation sup-
presses tumors in animals (37). In other words, specific 
knockdown of C-MYC may decrease the growth and pro-
liferation of gastric cancer cells, therefore, C-MYC could 
be a possible target in gene therapy (46).
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