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Abstract 
In this study, we aimed to determine EGF, c-erbB-2 and EGFR expression in 25 specimens of intestinal gastric adenocarcinomas by standardized 
immunohistochemistry and to establish correlations with the major clinico-morphological parameters of these patients. We observed EGF 
reactivity in 22 (88%) cases, a c-erbB-2 protein expression in eight (32%) cases and an EGFR reactivity in 13 (46.42%) cases. The EGF 
expression was significantly correlated with the tumor degree of differentiation, but not with other investigated clinico-morphological 
parameters and nor with c-erbB-2 and EGFR1 expression. However, we noticed the existence of a dependence between c-erbB-2 and 
EGFR1 expression in the main tumor mass. Such immunoprofile suggests the possible intervention of autocrine and paracrine loops in the 
developing of intestinal variant of gastric adenocarcinomas. 
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 Introduction 

Despite its declining incidence in the last half century, 
currently gastric cancer is the fourth most common cancer 
worldwide [1] and the second most common cause of 
human cancer death [2]. In addition, although significant 
improvements have been achieved in the therapeutic 
management of advanced gastric cancer with new active 
chemotherapy regimens [3–5] the prognosis still remain 
reserved with a median overall survival of about 9–11 
months [6, 7]. Therefore, is needed a better understanding 
of the molecular mechanisms that govern the cell growth, 
cell cycle, apoptosis, angiogenesis, invasion and metastasis 
in gastric carcinogenesis with the identification of new 
molecular targets that may improve the prognosis of 
these patients. Thus, growth factors like epidermal growth 
factors family seem to play a key role in the process of 
carcinogenesis in the alimentary tract, they being important 
regulators of cellular proliferation and differentiation by 
which is ensured the epithelial integrity [8]. 

The human epidermal growth factor receptor family 
consists of four members: ErbB-1 (HER1 or epidermal 
growth factor receptor – EGFR), ErbB-2 (HER2), ErbB-3 
(HER3), and ErbB-4 (HER4) [9]. It has been shown that 

these receptors activate numerous downstream pathways in 
response to extracellular ligands, regulating diverse processes 
that include differentiation, migration, proliferation, and 
survival [10]. Aberrant epidermal growth factor receptor 
(EGFR) signaling plays an important role in development 
and progression of various human tumors [11–14]. Although, 
in gastric cancer, most studies have shown that EGFR 
and HER2 can be prognostic factors and target of novel 
biologic agents [15, 16], other authors failed to find an 
association between their overexpression and poor prognosis 
[17]. However, currently Trastuzumab in association 
with systemic cytotoxic chemotherapy is the standard of 
care for patients with metastatic HER2-positive gastric and 
gastroesophageal junction adenocarcinoma, a randomized 
phase III trial demonstrating improved response and 
survival for these patients [18]. 

As not all studies could establish a correlation between 
EGFR expression and survival [19], or even more, in at 
least one study a positive association was reported [20], 
further studies are needed to fully understand the clinical 
significance of such overexpression in gastric cancer. 

The aim of our study was to assess the immuno-
histochemical expression of EGF, c-erbB-2, EGFR, and 
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their prognostic correlation in gastric cancer, specifically 
targeting the intestinal variant. 

 Materials and Methods 

Patients, samples and histopathological processing 
were described in detail in a previous article [21]. To 
simplify the statistic tests we grouped well and moderate 
degrees of differentiation as low-grade and designated 
the poor differentiated forms as high-grade tumors. In 
addition, we grouped the levels of tumor depth invasion 
in two categories, respectively tumors with superficial 
invasion (T1+T2) and tumors with deep invasion (T3+T4). 
The clinical stages were classified in two groups: early 
stages (I+II) and advanced stages (III+IV). 

Immunohistochemical processing 

Briefly, the process was conducted as follows. The 
sections were first subjected to antigen unmasking by 
heat induced epitope retrieval in Dako Cytomation Target 
Retrieval solution, code S 1700, and as visualization 
system it was used the LSAB2 (Dako, Redox, Romania, 
code K0675) and the following primary antibodies: EGF 
(polyclonal rabbit anti-human, SDIX, Cheminprest, Romania, 
code 2661.00.02) diluted as 1:200, EGFR (rabbit mono-
clonal anti-human, Thermo Scientific, Cheminprest, Romania, 
code RM-2111-S) diluted as 1:100 and c-erbB-2 (polyclonal 
rabbit anti-human, Dako, Redox, Romania, code A0485) 
diluted as 1:200, incubated overnight at 40C. As chromogen, 
we used 3,3’-diaminobenzidine tetrahydrochloride (Dako, 
Redox, Romania, code K3468) and for nuclei counter-
staining Mayer’s Hematoxylin. Negative-controls were 
obtained by omitting the primary antibodies, and as 
external positive control were used normal breast tissues 
specimens. 

EGF and EGFR immunostaining assessment 

Regions with the highest immunostaining intensity 
for each antibody were selected (at least five areas at a 
magnification of 400 ×) and the percentage of immuno-
reactive cells and staining intensity were scored according 
to the immunoreactive score (IRS) by Remmele W and 

Stegner HE [22]. The percentage of immunoreactive tumor 
cells was rated as follows: no staining = 0; up to 10% = 1; 
11–50% = 2; 51–80% = 3; >81% = 4; intensity: weak (1+); 
moderate (2+); strong (3+). The grade of score expression 
was obtained multiplying percentage by intensity: 0, 
negative; 1–4, weak; 5–8, moderate; 9–12, strong. 

c-erbB-2 immunostaining assessment 

c-erbB-2 immunostaining was scored in accordance 
with the HER2 scoring system for gastric carcinomas 
(Hoffmann M et al.’s criteria): of <10% of tumor cells 
(score 0), faint/barely perceptible partial membrane staining 
(limited to the baso-lateral membrane, or U-shaped) in 
>10% of tumor cells (score 1+), weak to moderate staining 
of the entire or baso-lateral membrane staining in >10% 
of tumor cells (score 2+) and moderate to strong staining of 
the entire or baso-lateral membrane in >10% of tumor cells 
(score 3+) [23]. Cytoplasmic staining was considered non-
specific and was not included in the scoring. 

Images acquiring and processing 

The images were acquired utilizing a Nikon Eclipse 
55i microscope (Nikon, Apidrag, Bucharest, Romania) 
equipped with a 5-megapixel cooled CCD camera and 
the Image ProPlus AMS7 software (Media Cybernetics 
Inc., Buckinghamshire, UK). 

Statistical analysis 

Statistical analysis was done in SPSS version 16.0 for 
Windows, using the χ2-test for dependence assessment. 
As we did not have enough cases in different histo-
pathological categories, we grouped the data for further 
analysis as mucinous/non-mucinous types. In the same 
line, the reactivity for c-erbB-2 was deemed as negative 
(including scoring 0 and 1) or positive (including here 
scoring 2 and 3), while for EGF and EGFR-1, the cases 
were considered positive when the IRS≥9, and negative 
for an IRS<9. 

In Table 1 are presented the main clinico-morphological 
characteristics and the reactivity of the investigated 
markers for the cases being investigated (Table 1). 

Table 1 – Variability of EGF, EGFR1 and c-erbB-2 immunoexpression with the clinico-pathological parameters 

Age  
[years] 

Gender 
Histological  

type 
Degree of  

differentiation
Depth of 
invasion 

Lymph node 
status 

Stage 
EGF  

score 
c-erbB-2  

score 
EGFR1 
score 

53 F IN LD T1 (-) IA 0 0 0 
51 F IN LD T1 (-) IA 9 1 0 
45 F IN LD T1 (+) IB 10 0 9 
38 M IN LD T2 (-) IB 0 0 0 
48 M IN LD T2 (-) IB 8 2 10 
46 M IN LD T2 (+) IIA 7 2 0 
40 M IN LD T2 (+) IIA 9 0 8 
54 M IN LD T3 (-) IIA 0 0 0 
56 F IN LD T3 (+) IIB 10 0 0 
58 M IN LD T3 (+) IIB 10 2 0 
60 M IN LD T3 (+) IIB 9 0 0 
75 F IN LD T4a (-) IIB 6 0 6 
66 F IN LD T3 (+) IIIA 11 0 0 
68 M IN HD T3 (+) IIIA 6 0 0 
57 M IN LD T4a (+) IIIA 8 0 0 
68 M IN LD T3 (+) IIIB 8 3 10 
68 F IN HD T3 (+) IIIB 6 0 6 
68 M IN LD T4b (+) IIIB 10 0 0 
68 M IN LD T4b (+) IIIB 9 0 0 
68 M IN LD T4b (+) IIIC 12 0 8 
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Age  
[years] 

Gender 
Histological  

type 
Degree of  

differentiation
Depth of 
invasion 

Lymph node 
status 

Stage 
EGF  

score 
c-erbB-2  

score 
EGFR1 
score 

68 M IN LD T4b (+) IIIC 11 0 8 
68 F IN LD T4b (+) IIIC 10 0 0 
68 M IN HD T4b (+) IV 6 1 6 
68 M IN LD T4b (+) IV 10 2 10 
68 M IN LD T4b (+) IV 8 3 6 
68 F D HD T3 (+) IIIB 6 0 0 
68 M D HD T4a (+) IIIC 7 0 3 
68 M D HD T4b (+) IIIC 8 0 6 

IN – Intestinal variant; D – Diffuse variant; LD – Low-grade of differentiation; HD – High-grade of differentiation. 
 

 Results 

EGF immunoreactivity 

In all the investigated specimens, the residual normal 
gastric mucosa expressed EGF especially in the cytoplasm 
of cells both from lining epithelium and gastric glands 
(Figure 1A). In addition, in those cases associated with 
chronic gastritis, we observed EGF reactivity in the 
cytoplasm of inflammatory cells, especially in plasma 
cells. Moreover, only EGF was also positive in the 
endothelial cells of blood vessels from within the full 
thickness of the gastric wall. In intestinal metaplasia and 
dysplastic lesions, the reactivity to EGF was more intense 
than in normal mucosa (Figure 1, B and C). 

In tumor specimens, EGF reactivity was detected in 
22 (88%) cases, three cases of intestinal gastric adeno-
carcinoma being negative. In most cases, the intensity of 
EGF staining remained homogenous throughout the tumor 
section, only for poor differentiated intestinal gastric adeno-
carcinoma and in diffuse type of gastric carcinomas; the 
reactivity was heterogeneous with tumor areas showing 
different staining intensities alternating with negative 
areas (Figure 1, D–F). Sometimes the reactivity to EGF 
of the stromal inflammatory cells was higher than in the 
tumor cells. In addition, we noticed the EGF reaction in 
the cytoplasm of endothelial cells from tumor vessels. 
The EGF reactivity was preserved in both lymphatic and 
blood vessels tumor emboli and in the lymph node 
metastasis. The highest EGF score (9–12) was noticed in 
13 (52%) cases, while moderate reaction was present in 
nine (36%) cases (Table 1). Statistically, a higher EGF 
score (IRS≥9) was significantly associated to low-grade 
tumors [χ2(1, N=28)=6.618, p=0.010]. In addition, we did 
not find any significant correlations between EGF immuno-
reactivity score and the other clinico-morphological variables. 
Moreover, the IRS EGF score did not correlate with the 
IRS c-erbB-2 and EGFR1 scores. 

c-erbB-2 expression 

In the residual normal gastric mucosa from the edges 
of tumor specimens, we noticed a weak granular 
cytoplasmic/membranous reaction especially in the 
lining epithelium and less obvious in the gastric glands 
(Figure 2A). In dysplastic epithelium surrounding the 
tumor specimens, we observed a higher c-erbB-2 reactivity, 
more obvious in high-grade lesions compared with the 
low-grade dysplastic lesions (Figure 2B). The staining 
pattern was cytoplasmic/membranous, but reaction at 
the membrane level was incomplete, with a U-shaped 
appearance, suggesting a baso-lateral reactivity. Moreover, 
we noticed a heterogeneous reaction even in the same 
dysplastic gastric gland. 

The overall percentage of c-erbB-2 protein expression 

in the investigated gastric adenocarcinoma was about 
32% (eight cases). In tumor specimens, the majority of 
positive cases presented both incomplete membranous 
(U-shaped) and diffuse cytoplasmic pattern (Figure 2, B–F), 
as well as a heterogeneous reaction, with cases that had 
areas of moderate or strong immunostaining. Regarding 
the c-erbB-2 scoring we found that score 2 counting was 
the most frequently recorded. The maximum score was 
recorded in two cases that belonged to low-grade intestinal 
type of gastric adenocarcinoma (Table 1). None of the 
three diffuse variant of gastric carcinoma was positive to 
c-erbB-2. In addition, for the intestinal variant we noticed a 
higher reactivity in cases with low-grade differentiation 
(Figure 2C). In those cases that had a small mucinous 
component the c-erbB-2 reactivity of the carcinomatous 
cells was weak without having scores greater than 1 
(Figure 2F). c-erbB-2 reactivity was also present at the 
emboli or metastases but was weak and quantified as 
score 1 (Figure 2E). 

Statistically, we did not find any significant correlations 
between c-erbB-2 immunoreactivity score and all the 
investigated clinico-morphological variables. However, 
we noticed the existence of a dependence between IRS 
scores for c-erbB-2 and EGFR1 [χ2(1, N=28)=7.954, 
p=0.0047]. 

EGFR expression 

A moderate predominantly cytoplasmic as well as 
focal membranous EGFR positivity was observed in the 
residual normal gastric mucosa from the edges of tumor 
specimens, especially in glandular cells (Figure 3A). A 
higher EGFR reactivity was observed in intestinal 
metaplastic lesions and in dysplastic lesions (Figure 3, 
B and C). In addition, we noticed a weak to moderate 
positive cytoplasmic reaction in nerve, muscle cells, 
fibroblast, adipocytes and inflammatory cells. 

In tumor specimens, the predominant EGFR pattern 
was cytoplasmic, while the membranous one was less 
encountered and mostly incomplete (Figure 3D). Moreover, 
EGFR reactivity showed marked intra-tumoral heterogeneity, 
frequently showing a range of completely negative to strong 
positive neoplastic cells within an individual case. Both 
intestinal and diffuse gastric adenocarcinomas type were 
positive to EGFR marker and even more this reactivity 
was present in mucinous and signet ring diffuse adeno-
carcinomas as well as in low- and high-grade intestinal 
adenocarcinomas (Figure 3, D–F). In addition, EGFR 
reactivity was also present at the emboli or metastases 
level but with a much lower intensity than in the primary 
tumor. 

Overall, EGFR reactivity was noticed in 13 (46.42%) 
cases, of which 11 (44%) cases were intestinal gastric 
adenocarcinomas and two diffuse tumors type. Regarding 
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the IRS scoring the most frequently encountered was 
score 6 (five cases) with the score 10 as the highest 
recorded in three intestinal gastric adenocarcinomas 

(Table 1). Statistically, we did not find any significant 
correlations between EGFR immunoreactivity score and 
all the investigated clinico-morphological variables. 

 
Figure 1 – Intestinal gastric adenocarcinoma: (A) EGF+ reaction in the cytoplasm of cells both from normal lining 
epithelium and gastric glands, DAB, ×200; (B) EGF+ reaction in the gastric intestinal metaplasia adjacent to the 
neoplastic proliferation, DAB, ×200; (C) EGF+ reaction in the high grade gastric mucosa dysplasia associated to the 
neoplastic proliferation, DAB, ×100; (D) EGF reactivity in gastric adenocarcinoma of low-grade intestinal type, DAB, 
×100; (E) EGF reactivity in gastric adenocarcinoma of high-grade intestinal type, DAB, ×100; (F) EGF reactivity in 
gastric adenocarcinoma of mucinous type, DAB, ×100. 
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Figure 2 – Intestinal gastric adenocarcinoma: (A) c-erbB-2 weak+ cytoplasmic reaction in the cytoplasm of cells from 
normal gastric lining epithelium, DAB, ×100; (B) c-erbB-2+ reaction in the high-grade gastric mucosa dysplasia 
associated to the neoplastic proliferation; (C) c-erbB-2 reactivity in gastric adenocarcinoma of low-grade intestinal 
type, DAB, ×200; (D) c-erbB-2 reactivity in gastric adenocarcinoma of high-grade intestinal type differentiated, DAB, 
×100; (E) Tumor emboli c-erbB-2+ in gastric adenocarcinoma of high-grade intestinal type, DAB, ×200; (F) c-erbB-2 
reactivity in gastric adenocarcinoma of mucinous type, DAB, ×200. 



Anca Oana Docea et al. 

 

550 

 

 
Figure 3 – Intestinal gastric adenocarcinoma: (A) EGFR+ reaction in the cytoplasm of cells from lining epithelium of 
normal gastric glands, DAB, ×200; (B) EGFR+ reaction in the gastric intestinal metaplasia adjacent to the neoplastic 
proliferation, DAB, ×100; (C) EGFR+ reaction in the high-grade gastric mucosa dysplasia associated to the neoplastic 
proliferation, DAB, ×100; (D) EGFR reactivity in gastric adenocarcinoma of low-grade intestinal type, DAB, ×200; 
(E) EGFR reactivity in gastric adenocarcinoma of high-grade intestinal type, DAB, ×200; (F) EGFR reactivity in 
gastric adenocarcinoma of mucinous type, DAB, ×100. 
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 Discussion 

The EGFR member family and their ligands plays 
key roles in solid-tumor pathogenesis, regulating diverse 
processes that include cell proliferation, apoptosis, 
adhesion, migration, and differentiation [10]. The most 
recent studies indicate their involvement in gastric 
oncogenesis, and even if it remains contradictory is 
thought that their overexpression can be a prognostic 
factor and target of novel biologic agents [7, 24–27].  
In this context, our study aimed primarily to assess the 
expression of EGF, EGFR and c-erbB-2, proteins in 
correlation with the main clinico-pathological parameters 
of patients with intestinal type of gastric adenocarcinoma. 

Data from the literature regarding EGF expression in 
gastric carcinoma are inconsistent. Thus, Filipe MI et al. 
reported a high rate of negative reaction in gastric 
carcinomas, but with a highly reactivity in the metaplastic 
areas associated to tumor specimens [28]. Other authors 
demonstrated that EGF was present in 21% of advanced 
gastric carcinomas but absent in early cancers; and also 
the reactivity was higher in metastatic than primary 
tumors [29, 30]. In addition, these authors reported a 
good correlation between EGF expression and EGFR in 
the same tumor, and this co-expression had a worse 
prognosis for these patients. In our study, we found that 
88% of intestinal gastric adenocarcinoma was positive 
to EGF, and 52% of cases being highly reactive. The 
only one significant correlation established by us was 
with the tumor degree of differentiation. Moreover, we 
did not find a significant correlation between the 
expression of EGF and its receptors (c-erbB-2 and 
EGFR) in the main tumor mass. On the contrary, 
Czyzewska J et al. found a significant correlation between 
the expression of c-erbB-2, EGF, and EGFR in the main 
mass of the tumor and lymph node metastasis [31]. In 
addition, the authors found that patients with high tumor 
EGF expression had longer survival times than those 
with low expression. Other authors showed that EGF 
expression in gastric carcinoma correlate with the depth 
of invasion in the gastric wall and with the presence of 
lymph node metastases, and indicating an unfavorable 
prognosis for these patients [32]. In addition, some authors 
have proposed that Helicobacter pylori infection may 
regulate EGFR expression in the gastric mucosa via EGF 
overexpression [33, 34], but others could not prove this [35]. 

Reported rates of HER2-positivity in gastric cancer 
vary widely ranging from 6.8% to 34% for IHC and 
7.1% to 42.6% for FISH [23]. In our study, we found a 
32% rate expression with the majority showing a score 2. 

This broad variation of HER2-positivity can be 
attributed to methodological variations and different 
scoring systems that have been applied, to histology and 
heterogeneity of lesions, variation in tumor location 
(proximal versus distal), stage, and their geographic 
distribution [26, 36, 37]. Most of the authors reported a 
higher HER2 expression in intestinal-type than in 
diffuse-type [26, 38–40]. However, it seems that not all 
intestinal-type tumors highly express HER2, so this 
oncogene may not be the only factor implicated in the 
pathogenesis of this type of gastric carcinoma [41]. In 
addition, other studies reported higher rates of HER2 

expression in the gastroesophageal junction than in distal 
gastric tumors [18, 39]. In terms of correlations with 
other morphoclinical parameters, including age, gender, 
tumor differentiation or gastric wall invasion depth, most 
of the authors did not find any significant associations 
[42, 43]. In turn, Orita H et al. reported that c-erbB-2-
positive tumors had more frequently peritoneal dissemi-
nation, liver metastasis and lymph node involvement 
than c-erbB-2 negative ones [44]. This predilection for 
lymph nodes and to distant sites metastasis of c-erbB-2 
positive tumors was also observed by Motojima K et al., 
especially in well-differentiated gastric adenocarcinomas 
[45]. In our study we could not establish any significant 
correlations between c-erbB-2 immunoreactivity scores 
and all the investigated clinico-morphological variables. 
However, we noticed the existence of a direct correlation 
between c-erbB-2 and EGFR1 expression. 

Over time, the role of HER2 as a prognostic factor in 
gastric carcinomas has been controversial. Therefore, 
while some studies did not find such an association 
[46, 47], other authors have reported direct correlations 
between HER2 expression and poorer survival [15, 16, 
25, 39–41, 48–50]. The latter found that patients with 
high c-erbB-2 tumor expression were associated with 
considerably shorter post-operative survival time as 
compared to the low-expression patients. Thus, it was 
suggesting that c-erbB-2 expression might function as a 
prognostic factor for patients with advanced gastric 
carcinoma. However, one must keep in mind that 
despite the improvement of progression-free and overall 
survival of patients with gastroesophageal junction adeno-
carcinomas treated with Trastuzumab, some patients with 
HER2-positive disease demonstrated primary resistance, 
and the remaining developed secondary resistance [18]. 
It was suggest that in cancer cells treated with kinase 
inhibitors the diminished activity of HER2 is compensated 
for by HER3 expression, which results in tumor cell 
survival [51]. 

The frequency of EGFR1 expression and/or EGFR1 
amplification in gastric cancer has been reported to vary 
between 0% and 35% [25, 52–54]. In our study, the 
percentage of immunohistochemical EGFR1 expression 
was higher (46.42%), getting closer to the values 
reported by Yk W et al. (52.2%) or Czyzewska J et al. 
(54%) [27, 31]. Also, it is well known that gastric tumor 
EGFR overexpression had marked ethnic variations, 
with low rates of expression in countries like Japan 
[55, 56], South Korea [57], and at the opposite end in 
countries like China [27, 58], and Poland [31]. 

The vast majority of studies have linked EGFR1 
overexpression to more advanced tumor stage, lymph 
node metastases and shorter overall survival [52, 59–
62]. Thus, the authors concluded that EGFR expression 
is a significant predictor of poor prognosis among 
gastric cancer patients. In turn, few studies have not 
found such correlations [19, 25]. In addition, the EGFR 
overexpression was noticed in low-differentiated cancers, 
in diffuse-type carcinomas, in proximal tumors, as well 
as in those infiltrating the whole gastric wall or at least 
into the serosa layer [25, 63]. Moreover, Kim JS et al. 
found a correlation of EGFR expression and improved 
overall survival in patients with resected gastric cancer 
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receiving adjuvant chemotherapy [20]. Statistically, we 
did not find any significant correlations between EGFR 
immunoreactivity score and all the investigated clinico-
morphological variables. 

A limited number of studies, including ours, 
investigated the EGFR expression at cytoplasmic level 
[64]. Although, there is no standardized and validated 
methodology to quantify EGFR expression at this level, 
such a fact should not be neglected because it can lead 
to the exclusion of patients who may benefit from anti 
EGFR therapy. This is even more obvious as recent studies 
have proved EGFR to act as a cytoplasmic/nuclear 
shuttling transcription factor [65] with its activation and 
subsequent nuclear translocalization, leading to regulation 
of gene expression and mediation of specific cellular 
processes [66, 67]. In gastric cancer, this dichotomous 
cytoplasmic and membranous EGFR staining should be 
further investigated. 

 Conclusions 

In conclusion, intestinal gastric adenocarcinomas are 
associated with increased EGF production, and in almost 
half of the cases, there was also a c-erbB-2 and EGFR1 
tumor reactivity. Such an immunoprofile could indicate 
the intervention of autocrine and paracrine loops in the 
developing of these gastric malignancies. Moreover, we 
noticed the existence of a dependence between c-erbB-2 
and EGFR1 expression and a significant direct correlation 
between EGF expression and the tumor degree of 
differentiation. 
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