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Abstract

Background The degree of intratumoral microvascular

density is thought to affect tumor metastasis and prognosis

in various human cancers, including gastric cancer. Despite

recent medical advancements, gastric adenoma or adeno-

carcinoma remains a considerable therapeutic challenge.

Endoscopic submucosal dissection (ESD) is a more recent

approach that is now commonly used for radical resection

of gastric adenoma and adenocarcinoma.

Aim and Methods The expression of vascular endothelial

growth factor (VEGF), epidermal growth factor receptor

(EGFR), and interleukin-6 (IL-6) are related to the prog-

nosis of gastric adenocarcinoma. However, the expression

of these factors in gastric adenoma/adenocarcinoma fol-

lowing ESD has not been clearly evaluated. Here, we

report on our study of the expression of VEGF, EGFR, and

IL-6 by immunohistochemical staining in extracted tissue

from adenoma or adenocarcinoma of the stomach by ESD

and subsequent evaluation of the correlation of VEGF,

EGFR, and IL-6 with other clinicopathological parameters.

The patient cohort consisted of 102 patients with adenoma

or adenocarcinoma of the stomach.

Results Immunohistochemical staining for VEGF and IL-6

was significantly higher in both high grade dysplasia and

adenocarcinoma than in low grade dysplasia (P \ 0.05).

There was significant correlation between histological grade

and intensity of immunohistochemical staining of VEGF

(P = 0.039). Histological differentiation of adenocarci-

noma was related to IL-6 expression (P = 0.028). The

immunoreactivity of VEGF and IL-6 increased significantly

in lesions[2 cm compared to lesions\2 cm (P \ 0.05).

Conclusion The immunohistochemical expression of IL-6

and VEGF can be considered to be useful for clinical diag-

nosis and follow-up of adenoma or adenocarcinoma of the

stomach.

Keywords EGC � EGFR � ESD � Gastric adenoma �
IL-6 � VEGF

Introduction

It is now well known that tumor growth, invasion, and

metastasis are dependent on angiogenesis, which is defined

as the process of new vessel formation from preexisting

vessels [1]. An advanced stage, hematogenous spread,

lymph node metastasis, and peritoneal dissemination of

gastric carcinoma have been reported to exist more fre-

quently in patients with highly vascularized tumors than in

those having tumors with a low vascular density [2]. Vas-

cular endothelial growth factor (VEGF) is one of the most

potent angiogenic factors, stimulating endothelial cell pro-

liferation, preventing the regression of newly formed ves-

sels, and increasing microvascular permeability [3, 4]. A

number of studies have demonstrated that tumor VEGF

expression predicts an increased risk of metastatic diseases

and poor survival in patients with gastric cancer [5],
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esophageal cancer [6], breast cancer [7], ovarian cancer [8],

and non-small cell lung cancer [9]. A recent study has

revealed a relationship between the increased expression of

VEGF and tumor growth, distant metastasis, and a poor

prognosis of patients with gastric carcinoma [10]. Experi-

mentally, hypoxia and ischemia are known to induce angi-

ogenesis in various cultured tumor cells by increasing

VEGF expression [11]. Epidermal growth factor receptor

(EGFR) is a cell-membrane tyrosine kinase receptor belong-

ing to the ErbB family. When activated, EGFR initiates a

complex intracellular signal transduction cascade that pro-

motes cancer cell division, migration, apoptosis inhibition,

and angiogenesis through the upregulation of VEGF [12].

The expression of EGFR has been extensively studied in

patients with gastric cancer with greatly varying results,

probably due to the different methods and cut-off values

used for defining expression [13, 14]. Interleukin-6 (IL-6)

expression is elevated in tissues undergoing active angio-

genesis, but it does not directly induce the proliferation of

endothelial cells. A significant correlation between IL-6 and

VEGF has been reported in a variety of advanced cancers

[15]. Recent reports have indicated that the expression of

VEGF, EGFR, and serum interleukin-6 (IL-6) are related to

the prognosis of gastric adenocarcinoma [5, 15–17]. How-

ever, the expression of VEGF, EGFR, and IL-6 in gastric

adenomas following removal by endoscopic submucosal

dissection (ESD) has not been clearly evaluated. We report

here our study of VEGF, EGFR, and IL-6 expression in

gastric adenomas and adenocarcinomas by immunohisto-

chemistry after ESD. We also analyzed the relationship

between VEGF, EGFR, and IL-6 expression in tissue and

the clinicopathological parameters of gastric adenomas and

adenocarcinomas.

Materials and Methods

Clinicopathological Materials

The cohort consisted of 102 patients who underwent ESD for

gastric adenoma or adenocarcinoma from June 2004 to Feb-

ruary 2007 at the Dong-A University Hospital, Busan, Korea.

Written informed consent prior to the procedure was

obtained from all patients. Follow-up data on all 102

patient-cases were obtained from the tumor registries and

clinical records. Two gastrointestinal pathologists evalu-

ated the ESD specimens, paying special attention to tumor

differentiation and depth of invasion.

Immunohistochemistry

The immunostaining was performed using a tissue micro-

array and automated immunohistochemistry system of

Ventana Medical Systems (Tucson, AZ). One 3-mm-

diameter core of a formalin-fixed, paraffin-embedded tissue

block was removed from each case and put in a new

recipient paraffin block for the tissue microarray. All pro-

cesses of immunohistochemistry were performed auto-

matically using a Ventana autostainer (Benchmark;

Ventana Medical Systems). Vascular endothelial growth

factor (rabbit polyclonal antibody, 1:200; Santa Cruz

Biotechnology), EGFR (mouse monoclonal antibody, 1:1;

Zymed Laboratories, San Francisco, CA) and IL-6 (rabbit

polyclonal antibody, 1:1000; Abcam, San Francisco, CA)

were used as primary antibodies.

Immunostaining for VEGF and IL-6 was considered to

be positive if [30% of the tumor cells showed granular

cytoplasmic immunostaining. For EGFR, immunostaining

was considered to be positive if [10% of the tumor cells

showed membranous immunostaining.

Statistical Analysis

Data were analyzed by the chi-square test or the Fisher

exact test using SPSS version 14.0 (SPSS, Chicago, IL) to

evaluate the relation of VEGF, EGFR, and IL-6 expression

to histological grade and other parameters. P values\0.05

were considered to be statistically significant.

Results

Clinicopathological Features

The male-to-female ratio of the 102 patients with gastric

adenoma or adenocarcinoma was 2.3 to 1. The mean age of

the patients was 62.3 years (range 35–82 years). Histo-

logically, 61 adenomas consisted of 20 tumors with low

grade dysplasia (LGD) and 41 with high grade dysplasia

(HGD). The 41 adenocarcinomas consisted of 18 well-

differentiated, 17 moderately differentiated, and six poorly

differentiated adenocarcinomas. The relationship between

histological grade and clinical features is summarized in

Table 1. Tumor size was measured as the size of the total

resected specimen by ESD. Adenocarcinoma was signifi-

cantly larger than adenoma (P = 0.013).

Relation Between VEGF, EGFR, and IL-6

Immunohistochemistry and Histological Grade

Immunohistochemistry of VEGF

Eighty-seven adenomas and adenocarcinomas (85.3%)

showed immunoreactivity for VEGF, with that for VEGF

being significantly greater in HGD and adenocarcinoma

than in LGD (P = 0.029) (Table 2). We found a
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correlative relation between the immunoreactivity of

VEGF and histological grading (LGD, HGD, adenocarci-

noma). However, the histological differentiation (well

differentiated, moderately differentiated, poorly differen-

tiated) of adenocarcinoma was not related with VEGF

expression. None of the normal or regenerating epithelium

as well as stroma were immunoreactive for VEGF.

Correlation Between Histological Grade and Intensity

of VEGF Expression

The intensity of immunohistochemistry was classified into

three degrees: negative, weakly positive, and strongly

positive staining. Histological grade (LGD, HGD, adeno-

carcinoma) was significantly related to the intensity of

immunohistochemistry for VEGF (P = 0.039) (Table 3,

Fig. 1d). There was no significant relation between the

differentiation of the gastric adenocarcinoma (well-differ-

entiated adenocarcinoma, moderately differentiated ade-

nocarcinoma, and poorly differentiated adenocarcinoma)

and the intensity of immunohistochemistry for VEGF

(P = 0.666).

Immunohistochemistry of EGFR

None of the adenomas as well as normal or regenerating

epithelium were immunoreactive for EGFR (Fig. 2b). Only

three adenocarcinomas (2.9%) of all 102 cases showed

immunoreactivity for EGFR, and all of these cases were

focal (\5%) and weakly positive. One case was well dif-

ferentiated and two cases were moderately differentiated

cancer (Fig. 3d).

Immunohistochemistry of IL-6

Twenty-two (21.6%) of all 102 patient-cases showed

immunoreactivity for IL-6. All of the 20 LGD were negative,

five (12.2%) of the 41 HGD, and 17 (41.5%) of the 41 ade-

nocarcinomas were positive. The immunoreactivity of IL-6

was significantly increased in HGD and adenocarcinoma

compared to LGD (P = 0.001) (Table 2). Based on cancer

subtype, four (22.2%) of 18 cases of well-differentiated

cancer and 13 (56.5%) of 23 cases of moderately and poorly

differentiated cancer showed immunoreactivity for IL-6

(P = 0.028) (Table 4). The positive rate of immunoreac-

tivity of IL-6 was significantly increased in moderately and

poorly differentiated adenocarcinoma relative to well-dif-

ferentiated adenocarcinoma. The histological differentiation

of adenocarcinoma was related to IL-6 expression. Stromal

tissue surrounding the epithelium was diffusely immunore-

active for IL-6, with the stroma surrounding the adenocar-

cinoma being especially more intensely positive than that of

stroma surrounding the normal epithelium or adenoma.

None of the normal epithelium was positive. All immuno-

histochemically positive cases for IL-6 showed patterns of

granular cytoplasmic immunostaining (Fig. 3c).

Table 1 Correlation between

histological grade and clinical

features

Data are given as the number of

patient-cases, with the

percentage in parenthesis

LGD Low grade dysplasia,

HGD high grade dysplasia

Clinical features

of study cohort

LGD

(n = 20)

HGD

(n = 41)

Adenocarcinoma

(n = 41)

P value

Sex 0.285

Male 11 (55.0%) 30 (73.2%) 30 (73.2%)

Female 9 (45.0%) 11 (26.8%) 11 (26.8%)

Age 0.145

\60 11 (55.0%) 20 (48.8%) 13 (31.7%)

C60 9 (45.0%) 21 (51.2%) 28 (68.3%)

Size (cm) 0.013

\2 12 (60.0%) 20 (48.8%) 10 (24.4%)

C2 8 (40.0%) 21 (51.2%) 31 (75.6%)

Site 0.081

Antrum 18 (90.0%) 26 (63.4%) 31 (75.6%)

Body 2 (10.0%) 15 (36.6%) 10 (24.4%)

Table 2 Positive rate of VEGF, EGFR, and IL-6 in gastric adenoma and adenocarcinoma

Number of positive cases LGD (n = 20) HGD (n = 41) Adenocarcinoma (n = 41) Total (n = 102) P

VEGF 14 (70%) 39 (95.1%) 34 (82.9%) 87 (85.3%) 0.029

EGFR 0 (0%) 0 (0%) 3 (7.3%) 3 (2.9%) 0.100

IL-6 0 (0%) 5 (12.2%) 17 (41.5%) 22 (21.6%) 0.001

VEGF Vascular endothelial growth factor, EGFR epidermal growth factor receptor, IL-6 interleukin-6
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Correlation Between Clinicopathological Parameters

and VEGF, EGFR, and IL-6 Immunoreactivity

The immunoreactivity of VEGF, EGFR, and IL-6 was com-

pared with other clinicopathological parameters. The correla-

tion between the size of the lesion and positive expression of

VEGF was meaningful. The positive expression of VEGF in

lesions[2 cm (77.0%) increased significantly compared to that

in lesions\2 cm (23.0%) (P = 0.019). In HGD, the positive

expression of VEGF in lesions[2 cm (33.3%) increased sig-

nificantly compared with lesions\2 cm (11.5%) (P = 0.047).

In adenocarcinoma, the positive expression of VEGF in lesions

[2 cm (34.5%) increased significantly compared with that in

lesions\2 cm (4.6%) (P = 0.029) (Table 5).

There was a meaningful correlation between the size of

the lesion and the positive expression rate of IL-6. The

positive rate of IL-6 in lesions[2 cm was 95.5% compared

to 4.5% for lesions \2 cm (P = 0.011). In tumors with

HGD, lesions [2 cm had a 22.7% positive expression rate

for IL-6 compared to 0.0% in lesions \2 cm (P = 0.024).

In adenocarcinoma, lesions [2 cm had a positive IL-6

expression rate of 72.7% compared to 4.5% in lesions

\2 cm (P = 0.032) (Table 5).

There was no correlation between immunoreactivity and

other parameters, such as sex, age, and lesion site.

Clinical Features and Immunoreactivity in Poorly

Differentiated Adenocarcinoma

We analyzed the clinical features and immunoreactivity of

poorly differentiated adenocarcinoma following ESD

(Table 6). All of the tumors were [2 cm and showed

Table 3 Correlation between

histological grade and intensity

of VEGF positivities in gastric

adenoma and adenocarcinoma

patients

Carcinoma Intensity of VEGF positivities Total

Negative Weakly positive Strongly positive

Adenoma

LGD 6/15 (40.0%) 5/44 (11.4%) 9/43 (20.9%) 20 (19.6%)

HGD 2/15 (13.3%) 18/44 (40.9%) 21/43 (48.8%) 41 (40.2%)

Adenocarcinoma 7/15 (46.7%) 21/44 (47.7%) 13/43 (30.2%) 41 (40.2%)

Total 15 (100.0%) 44 (100.0%) 43 (100.0%) 102 (100.0%)

Fig. 1 Adenoma with high grade dyplasia (a 9200) shows granular cytoplasmic immunostaining for vascular endothelial growth factor (VEGF,

b 9200) and negative immunostaining for interleukin-6 (IL-6, c 9200) and epidermal growth factor receptor (EGFR, d 9200)
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positive immunoreactivity for VEGF. In addition, four of

all six poorly differentiated adenocarcinomas were positive

for IL-6.

Discussion

Although the incidence is declining, gastric cancer contin-

ues to be a major worldwide cause of morbidity and cancer-

related deaths [18]. Thus, controversy still exists on the

optimal management of gastric cancer. It has recently been

suggested that molecular-based approaches may be critical

for predicting clinical outcome and guiding treatment

strategies in gastric adenoma and adenocarcinoma. As such,

determination of VEGF, EGFR, and IL-6 expression could

be crucial for two reasons: first, for an assessment of prog-

nosis; secondly, for the identification of patients who could

be treated with targeted therapies.

Fibroblast VEGF has recently been identified as a

mitogen for endothelial cells in vitro, and it is thought to be

a major tumor angiogenesis regulator. The VEGF super-

family of endothelial growth factors seems to play a crucial

role in the proliferation and migration of endothelial cells,

providing nourishment to growing tumors and enabling the

tumor cell to establish continuity with the host vasculature.

In many cancers, tumor VEGF expression has been found

to be a significant marker for tumor recurrence or reduced

survival independent of conventional clinicopathological

variables.

Angiogenesis and several proinflammatory cytokines

(such as VEGF and IL-6) are also thought to be involved in

the development of gastric cancer [19–21].

In our study, histological grade and intensity of immu-

nohistochemistry staining for VEGF had a meaningful

correlation. Immunostaining for VEGF was present in a

significantly greater percentage of tumors with HGD and

adenocarcinoma than in those with LGD. These observa-

tions suggest that VEGF may be a final common pathway

for other angiogenesis factors.

The role of EGFR in gastric cancer is very controversial.

A number of authors have reported that EGFR is highly

expressed in gastric cancer, suggesting its suitability as a

target for receptor tyrosine kinase inhibitors [22]. Con-

versely, Takehana et al. [23] reported that overexpression

of EGFR is a rare event in gastric carcinoma and occurs

predominantly due to EGFR gene amplification.

In our investigation, only three of the 102 patients were

positive for EGFR after immunohistochemical staining.

These three cases were well or moderately differentiated

cancer. The percentage of EGFR expression in gastric

cancer patients has been found to be very variable [24–27].

In addition, previous results on the correlation between

Fig. 2 Immunohistochemistry for VEGF, IL-6, and EGFR in gastric adenoma with low grade dysplasia. Gastric adenoma with low grade

dysplasia (a 9200) shows negative immunostaining for VEGF (b 9200), IL-6 (c 9200), and EGFR (d 9200)
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EGFR expression and other variables, as well as long-term

outcome, have been controversial, thereby raising doubts

on both the accuracy of the techniques used to evaluate its

expression and the prognostic significance of this molec-

ular marker [27, 28].

Cytokines have been proposed to play an important role

in Helicobacter pylori-associated gastric inflammation and

carcinogenesis, but the exact mechanism of this interaction

remains unclear. Several studies have indicated that

infection with H. pylori induces the expression and pro-

duction of various cytokines in gastric mucosa, epithelial

cells, or macrophages [29, 30]. Among the cytokines, only

IL-6, has been reported to be induced by H. pylori infection

in gastric epithelial cells. In addition, IL-6 strongly stim-

ulates the growth of human gastric cancer cell lines. These

findings suggest that IL-6 may have a potential role in the

pathogenesis of gastric cancer. Interleukin-6, a multifunc-

tional cytokine, is produced by a number of cells and plays

a role in the defense mechanism of a host [31]. Higher

serum IL-6 levels have been reported in patients with

multiple myeloma [32], renal cell carcinoma [33], bladder

carcinoma [34], and ovarian cancer [35], compared with

normal subjects. Ravoet et al. [36] showed that tumor

growth occurred during IL-6 treatment but disappeared

Fig. 3 Moderately differentiated adenocarcinoma (a 9200) shows cytoplasmic immunostaining for VEGF (b 9200), cytoplasmic and weak

membranous staining for IL-6 [c 9200 (inset 9400)], and membranous staining for EGFR in the focal area (d 9200)

Table 4 Positive rate of VEGF,

EGFR, and IL-6 staining

according to histological

differentiation in patients with

adenocarcinoma of the stomach

Factor Positive rate (%) Total P

Well

differentiated

Moderately ? poorly

differentiated

VEGF 14/18 (77.8%) 20/23 (87.0%) 34/41 (82.9%) 0.358

EGFR 1/18 (5.6%) 2/23 (8.7%) 3/41 (7.3%) 0.593

IL-6 4/18 (22.2%) 13/23 (56.5%) 17/41 (41.5%) 0.028
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immediately upon cessation of the IL-6 treatment. The

serum IL-6 level was recently reported to correlate with the

disease status of gastric carcinoma, decreasing after tumor

resection and increasing when gastric carcinoma recurred

[37]. The serum IL-6 level has also been reported to be an

autocrine growth factor in lymphoma cell lines [38]. Dif-

fuse IL-6 staining in the stromal area surrounding the

epithelial cells was a curious result in our study. There

have only been a limited number of published reports on

IL-6 expression in gastric adenoma and carcinoma, and

none of these used the same antibody that we used. One

study of IL-6 expression in prostate tissue [39] reported

that no IL-6 staining was noted in the stromal compartment

of benign tissue but that there was a positive reaction for

IL-6 in an atrophic area of prostate tissue. Another report

[40] mentioned that immunoreactiviry to both IL-6 and

VEGF was found to mainly be localized in cancer cells

rather than in stromal cells. However, in both cases, IL-6

antibodies were obtained from different commercial com-

panies than those supplying the antibodies for our study

were used. We were unable to find any other published

reports of stromal reaction to IL-6. Interleukin-6 may play

a role in tumor-related angiogenesis by inducing tumor cell

proliferation and VEGF expression in tumor cells. In our

study, immunohistochemical expression of IL-6 in gastric

adenoma or adenocarcinoma showed a positive reaction in

21.6% of the patient-cases. The positive immunohisto-

chemical expression of IL-6 was significantly increased in

patients with HGD or mucosal carcinoma than in those

with LGD (P = 0.001). In addition, the positive immuno-

reactivity of IL-6 was also significantly increased in

moderately and poorly differentiated adenocarcinoma

compared to well-differentiated adenocarcinoma. In our

study, the immunoreactivity of IL-6 seemed to increase in a

histological differentiation-related manner.

Collectively, the results from previous studies on serum

IL-6 are consistent with our results and suggest that IL-6 is

crucial in tumor development and progression and that it

may be a potential target for future research in the treat-

ment of gastric adenoma or adenocarcinoma.

These results suggest that immunohistochemical expres-

sion of VEGF and IL-6 may facilitate clinicians to identify

tumors at high risk for gastric adenoma or adenocarcinoma.

In summary, we have analyzed the clinical features and

immunoreactivity of poorly differentiated adenocarcinoma

following ESD. All of the tumors were[2 cm and showed

positive immunoreactivity for VEGF. In addition, four of all

six poorly differentiated adenocarcinomas were positive for

IL-6. In this regard, it may be prudent to reflect on the

inclusion criteria for ESD in gastric adenocarcinoma[2 cm

and positive for VEGF and IL-6. To the best of our knowl-

edge, this is the first report of immunohistochemical findings

in gastric adenoma and early gastric cancer resected by ESD.

In conclusion, we found that the immunohistochemical

expression of VEGF and IL-6 in gastric adenoma and ade-

nocarcinoma is significantly associated with histological

grade. The VEGF was found to be highly expressed in HGD,

suggesting a role of angiogenesis in the progression of gastric

carcinoma. In addition, the immunoreactivity of IL-6 was

increased in a histological differentiation-related manner,

suggesting a poor prognosis. The prognostic information

based on the immunohistochemical expression of VEGF and

IL-6, unlike that of other tumor markers, was independent of

Table 5 Correlation between size and VEGF/IL-6 positivities in

gastric adenoma and adenocarcinoma patients

VEGF/IL-6 Size of lesion P value

\2 cm C2 cm

VEGF

LGD 6 (6.9%) 8 (9.2%) 0.479

HGD 10 (11.5%) 29 (33.3%) 0.047

Adenocarcinoma 4 (4.6%) 30 (34.5%) 0.029

Total 20 (23.0%) 67 (77.0%) 0.019

IL-6

LGD 0 (0.0%) 0 (0.0%) –

HGD 0 (0.0%) 5 (22.7%) 0.024

Adenocarcinoma 1 (4.5%) 16 (72.7%) 0.032

Total 1 (4.5%) 21 (95.5%) 0.011

Table 6 Clinical features and

immunoreactivity in poorly

differentiated adenocarcinoma

SM Submucosal
a Signet ring cell carcinoma

Clinical features Patient 1 Patient 2 Patient 3a Patient 4 Patient 5 Patient 6

Sex Male Male Male Female Male Male

Age (years) 55 74 48 35 83 59

Size (cm) 2.0 2.0 2.0 5.0 3.5 3.0

SM invasion ? - - ? - -

Site Body Antrum Antrum Body Antrum Antrum

VEGF ? ? ? ? ? ?

EGFR - - - - - -

IL-6 ? - ? ? - ?
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classic clinicopathological parameters, such as the size of

gastric adenoma or adenocarcinoma.
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