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Abstract
AIM: To study the HER-2/neu protein expression and 
gene amplification in gastric carcinoma and their rela-
tion.

METHODS: One hundred and forty-five formalin-fixed 
and paraffin- embedded tumor tissue samples from 
Chinese gastric carcinoma patients were studied with 
immunohistochemistry (IHC) and fluorescence in situ  
hybridization (FISH) methods. Clinicopathologic data 
about all patients were collected.

RESULTS: The levels of HER-2 3+, HER-2 2+ and HER2 

1+ were measurable in 6.9%, 8.3% and 17.2% of the 
samples, respectively. No HER-2 was stained in 67.6% 
of the samples. FISH showed that HER-2  gene was am-
plified in 18 samples, 10 HER-2 3+ samples, 5 HER-2 
2+ samples, and 3 HER-2 1+ samples with IHC stain-
ing. HER-2 status was not correlated with the sex and 
age of patients, and tumor size, location or differentia-
tion, but with the depth of invasion, TNM stage, lymph 
node and distant metastasis as well as histopathologi-
cal classification of gastric cancer (P  < 0.05).

CONCLUSION: All samples with IHC as HER-2 expres-
sion should be analyzed with FISH. Detection of HER-2  
gene amplification can assess the malignant biological 
behaviors and prognosis of gastric cancer.
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INTRODUCTION
Gastric cancer is the second most common cause of cancer-
related death worldwide. Surgery is the only curative 
procedure for localized gastric cancer, which is at the 
advanced stage when diagnosed in most cases. Currently 
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available agents are not very effective, resulting in a high 
recurrence rate, a low survival rate, and a poor prognosis 
of  advanced gastric cancer patients. Thus, treatment of  
gastric cancer remains a challenge for physicians. New 
targeted therapies for advanced gastric carcinoma are 
needed, which may open up a new avenue for cancer 
treatment. Current targeted therapy for advanced gastric 
carcinoma depends on the evaluation of  target gene sta-
tus[1-3].

HER-2/neu or CerbB-2 is a member of  growing fac-
tors (EGFR, erbB-2, erbB-3 and erbB-4) in the HER 
family with intrinsic protein tyrosine kinase activity, and 
its increased activity is the assumed mechanism underly-
ing cell transformation[4]. It is an oncogene that regulates 
the biological functions such as cell proliferation, dif-
ferentiation, motility, and apoptosis. It was reported that 
HER-2 is over-expressed in cancer of  breast, lungs, sali-
vary gland, ovary, colon, prostate and pancreas[5,6]. HER-2 
plays an important role in activation of  HER-2 protein, 
and is over-expressed in 10%-38% of  gastric cancer pa-
tients[7]. However, the correlation between the expression 
of  HER-2 protein and the prognosis of  gastric cancer 
is still controversial. Different studies showed different 
HER-2 expression levels in gastric carcinoma[8-10].

Detecting the HER-2 status in gastric carcinoma is a 
prerequisite of  monoclonal antibody therapy for gastric 
cancer. In this study, immunohistochemistry (IHC) was 
used in detecting HER-2 oncoprotein and fluorescent in 
situ hybridization (FISH) was used as a follow-up test for 
ambiguous results. 

MATERIALS AND METHODS
Materials
Paraffin-embedded tumor tissue blocks were provided 
by Cancer Hospital of  Fudan University and Institute of  
Traditional Chinese Medicine of  Jiangsu Province. One 
hundred and forty-five (95 males and 50 females) out of  
the 476 Chinese patients with gastric adenocarcinoma, 
admitted to Department of  Surgery, Cancer Hospital of  
Fudan University, and Institute of  Traditional Chinese 
Medicine of  Jiangsu Province in 2006-2009 for surgery, 
were enrolled in this study. Tumor tissue blocks from pa-
tients with full clinical data (including diagnosis, age, sex, 
address, disease history, etc.) were cut into 20 slides. The 
average age of  the patients was 60 years. Cancer was clas-
sified as stage Ⅰ in 32 cases, stage Ⅱ in 35 cases, stage Ⅲ 
in 37 cases, and stage Ⅳ in 41 cases, respectively, accord-
ing to the TNM Cancer Staging System of  the American 
Joint Committee of  Cancer. The study was approved by 
The Review Board of  Fudan University Cancer Hospital 
and Institute of  Traditional Chinese Medicine of  Jiangsu 
Province. Informed consent was obtained from all pa-
tients.

Tumor tissue was cut into 4-μm thick sections which 
were stained with hematoxylin and eosin for histopatho-
logical types, differentiation stage, IHC and FISH evalua-
tion.

Immunohistochemical staining
Slides were deparaffinized, rehydrated, and heated in a 
microwave oven containing 0.01 mol/L citrate buffer (pH 
6.0) for 5 min at 100℃ for antigen retrieval, cooled for 
20 min and washed with water and a buffer solution. Per-
oxidase was applied for 5 min and washed with a buffer 
solution for 2 × 5 min. Primary antibody diluted at 1:200 
was applied for 30 min, link and streptavidin were applied 
for 10 min, respectively, and then washed with a buffer 
solution for 2 × 5 min. The bound antibody was visual-
ized using a DAB-chromogen substrate. The sections 
were then counterstained with hematoxylin, covered with 
a cover-slip. Negative control was stained by omission of  
the primary antibody. Over-expression of  HER-2 protein 
in paraffin-embedded invasive breast carcinoma tissue 
slides was used as a positive control.

A strong brown staining was located in cell mem-
brane of  malignant cells using this staining method. The 
DAKO Hercep Test™ Protocol System[11] was used to 
grade the membrane staining. The staining was scored 
as negative (0) when no membrane was stained or when 
membrane was stained in less than 10% of  tumor cells, 
weakly positive (1+) if  focal membrane was stained in 
more than 10% of  tumor cells, intermediately positive 
(2+) if  complete membrane was weakly- moderately 
stained in more than 10% of  tumor cells, and strongly 
positive (3+) if  complete membrane was intensely stained 
in more than 10% of  tumor cells. Scores 0 and 1 were 
considered negative, while scores 2 and 3 were consid-
ered positive.

FISH analysis
HER-2 gene was amplified with dual-color FISH using a 
Passvision HER-2 DNA probe kit (Vysis Inc. Downers 
Grove, IL, USA) according to its manufacturer’s instruc-
tions. Briefly, hybridization buffer, DNA probe, and puri-
fied water were centrifuged, and heated to 73℃ for 5 min 
in a water bath. Slides were immersed in a denaturing 
bath (70% formamide 2 × SSC) for 5 min at 73℃, fol-
lowed by dehydration in increasing ethanol concentra-
tions, and then dried. The probe mixture was applied to 
each slide. The slides were placed in a 42℃ incubator for 
30 min, washed with 0.4 × SSC/0.3% NP-40 for 2 min, 
air-dried in darkness, counterstained with 4’,6-diamidino-
2-phenylindole (DAPI), and covered with a cover-slip. 
HER-2/neu-spectrum orange probe contains a DNA 
sequence specific for the HER-2 human gene locus and 
hybridized to the region 17q11.2-q12 of  human chromo-
somes. CEP17 (chromosome enumeration probe 17)/
spectrum green probe containing alpha-satellite DNA 
that hybridizes to the D17Z1 locus (centromere region 
of  chromosome 17) was used as a control. Nuclei were 
counterstained with DAPI. The slides were observed 
under a B × 60 fluorescence microscope equipped with 
a digital camera (DP50; Olympus, Tokyo, Japan) and the 
images were captured on a Windows PC with the View-
finder Lite software. A cell was considered to be ampli-
fied when a definite cluster or more than 10 signals for 
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HER-2 were found. Known positive and negative cells 
were used as controls for each FISH. Gene amplification 
was scored when a minimum of  20 cancer cell nuclei 
exhibited a HER-2/CEP17 ratio ≥ 2, or when a HER-2 
signal cluster was observed.

Statistical analysis
Statistical analysis of  data was performed by Student’s t 
test. P < 0.05 was considered statistically significant.

RESULTS
Expression of HER-2 protein in gastric carcinoma
HER-2 protein status in 145 gastric carcinoma tissue 
samples was determined with immunohistochemical 
staining (Figure 1). Of  the 145 gastric carcinoma tissue 
samples, 98 (67.6%) were scored as 0, 25 (17.2%) as 1, 12 
(8.3%) as 2, and 10 (6.9%) as 3. The positive rate was ap-
proximately 15.2% (22/145).

HER-2 gene amplification in gastric carcinomas
The HER-2/CEP17 ratio was determined using the rate 
of  HER-2/neu signals and CEP17 signals in 20 nuclei. 
The total number of  HER-2/neu signals was divided by 
the total number of  CEP17 signals, with a ratio was ≥ 
2 according to the indications given by the Abbott-Vysis 
Company. IHC showed complete membrane immunos-
taining (2+ and 3+). In addition, 123 samples negative 
for HER-2  over-expression with IHC staining were also 
analyzed by FISH. HER-2 gene was amplified in 18 out 
of  the 145 gastric carcinoma tissue samples, including 
HER-2 3+ in 10 samples, HER2 2+ in 5 samples, and 
HER2 1+ in 3 samples with IHC staining (Table 1). The 
10 tumors with strong complete membrane immunostain-
ing (3+) exhibited HER-2 gene amplification, accounting 
for 55.6% (10/18) of  all HER-2 amplifications. The posi-
tive amplification rate of  HER-2 gene was about 12.4% 
(18/145) in all gastric carcinoma tissue samples (Figure 2).

Correlation between clinicopathologic findings and 
HER-2 status 
The clinicopathological differences were observed in 
gastric carcinoma tissue samples with or without HER-2 
protein expression or HER-2 gene amplification. The 
HER-2 protein expression and HER-2 gene amplification 
rates were 86.4 % (19/22) and 94.4 % (17/18) in intesti-
nal type gastric carcinomas, respectively (P <0.05). The 
HER-2 status was correlated with the depth of  invasion, 
TNM stage, lymph node and distant metastasis (P <0.05). 
However, no significant relation was found between clini-
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Figure 1  Immunohistochemistry staining of gastric carcinoma tissue samples showing negative HER-2 protein expression (A, B), positive HER-2 protein 
expression (C, D) (original magnification × 200).

Table 1  Correlation between HER-2 protein expression and 
HER-2  gene amplification 

HER-2 

FISH

Immunohistochemistry for HER-2 Total

0 (n  = 98) 1 (n  = 25) 2 (n  = 12) 3 (n  = 10)

Negative 98 22 7   0 127
Positive   0   3 5 10   18

FISH: Fluorescence in situ hybridization.

Yan SY et al . HER-2 status in gastric carcinoma



copathologic variables (sex and age of  the patients, and 
tumor diameter, differentiation, location) (Table 2).

DISCUSSION
Gastric cancer is the second most frequent cause of  
cancer-related death worldwide and the most common 

cancer in Asian countries[12]. Although various therapies 
for gastric carcinoma are available, such as gastrectomy 
with extensive lymphadenectomy and surgery combined 
with chemotherapy, the control of  advanced stage gastric 
cancer is still a challenge for physicians. In recent years, 
molecular target therapy is a new treatment modality for 
gastric cancer and HER-2 has been identified as a poten-
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Figure 2  Fluorescence in situ hybridization targeting HER-2 in gastric carcinoma specimens showing intestinal type of carcinoma without HER-2 gene 
amplification (A) and intestinal type of carcinoma with HER-2 gene amplification (B) (original magnification × 1000). 

BA

IHC: Immunohistochemistry; FISH: Fluorescence in situ hybridization; NS: Not significant.

Table 2  HER-2 protein expression and HER-2  gene amplification in gastric carcinoma tissue samples

Clinicopathologic data n HER-2 (IHC) P  value HER-2 (FISH) P  value

Pos % Amp %

Sex
   Male   95 14 14.7 NS 10 10.5 NS
   Female   50   8 16.0   8 16.0
Age (yr)
   > 60   68 10 14.7 NS   7 10.3 NS
   ≤ 60   77 12 15.6 11 14.3
Diameter of the tumor (cm)
   > 5   85 15 17.6 NS 12 14.1 NS
   ≤ 5   60   7 11.7   6 10.0
Location
   Cardia or fundus of stomach   55   8 14.5   7 12.7
   Body of stomach   39   5 12.8 NS   4 10.3 NS
   Sinus ventriculi/ostium pyloricum   51   9 17.6   7 13.7
Differentiation
   Well   36   6 16.7   5 13.9
   Moderately   44   5 11.4 NS   4   9.1 NS
   Pooly/undifferentiated   65 11 16.9   9 13.8
Serosa invasion
   Positive 107 20 18.7 < 0.05 17 15.9 < 0.05
   Negative   38   2   5.3   1   2.7
Lymph node metastasis
   Positive   91 20 22.0 < 0.05 18 19.8 < 0.05
   Negative   54   2   3.7   0   0.0
Distant metastasis
   Positive   11 10 90.9 < 0.05   9 81.8 < 0.05
   Negative 134 12   9.0   8   6.0
TNM stage
   Ⅰ + Ⅱ   67   3   4.5 < 0.05   2     2.99 < 0.05
   Ⅲ + Ⅳ   78 19 24.4 16 20.5
Histopathological classification(Lauren)
   Intestinal   86 19 22.1 17 19.8
   Diffuse   37   2   5.4 < 0.05   0   0.0 < 0.05
   Non classified   22   1   4.5   1   4.5
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tial therapeutic target. However, molecular target therapy 
for gastric cancer depends on the evaluation of  the target 
gene status.

HER-2 amplification and over-expression play a key 
role in initiation, progression, and metastasis of  some 
common cancers, including breast and gastric cancer. 
HER-2 status has been recognized as an important prog-
nostic factor for cancer. The survival time of  patients 
with breast cancer and positive HER-2 disease is signifi-
cantly shorter than that of  those with HER-2 negative 
tumors[13-15]. Thus, detecting HER-2 status is of  impor-
tant significance in diagnosis of  gastric cancer.

It was reported that the HER-2 over-expression rate 
in gastric carcinoma is 8.2%-34.0%[2,16-18], whereas the 
concordance of  FISH and IHC is 93.5% in diagnosis of  
gastric cancer[9]. In the present study, the HER-2 gene 
amplification was evaluated using the FISH method and 
the HER-2 protein expression levels were compared. The 
positive rate of  HER-2 gene amplification was 12.4% 
(18/145). Recent studies showed that the HER-2 gene 
amplification rate in gastric carcinoma is 8.2%-5%[19,20], 
which is consistent with our findings (12.4%). HER-2 
gene amplification is a golden criterion for target therapy 
with trastuzumab. In this study, the HER-2 gene was am-
plified in all samples with oncoprotein over-expression at 
3+ level, but HER-2 gene was not amplified at 0 level in 
all samples, which is consistent with the reported data[21], 
suggesting that target therapy is not necessary for gastric 
cancer patients with HER-2 protein expression but neces-
sary for those with HER-2 protein over-expression at 3+ 
level. Although FISH shows a high sensitivity and speci-
ficity and remains a criterion for determining gene ampli-
fication status, IHC for HER-2 protein expression may be 
a good alternative when FISH cannot be performed.

In this study, the HER-2 protein expression and the 
HER-2 gene amplification rates were 86.4% (19/22) 
and 94.4% (17/18), respectively, in most intestinal types 
of  gastric carcinoma (P < 0.05), and the HER-2 status 
was correlated with the depth of  invasion, TNM stage, 
lymph node and distant metastasis of  gastric cancer (P < 
0.05), with no significant relation found between clinico-
pathologic variables (sex and age of  patients, and tumor 
diameter, differentiation, and location), which is consis-
tent with the reported findings[22]. Furthermore, it has 
been shown that HER-2 status is only correlated with the 
histopathological classification of  gastric cancer[23]. It was 
also reported that HER-2 over-expression is correlated 
with well or moderately differentiated gastric cancer but 
not with pathologic stage of  gastric cancer or the age and 
sex of  gastric cancer patients[24]. 

In conclusion, HER-2 status is correlated with the 
depth of  invasion, TNM stage, lymph node and distant 
metastasis of  gastric cancer. Detecting HER-2 status may 
contribute to the target therapy for gastric carcinoma us-
ing trastuzumab.
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