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Background/Aims: Angiogenesis is essential for the outgrowth and metastasis of tumors. The structure and characteristics of tumor 
vasculature differ from those of normal vessels. We compared the characteristics of differentially expressed genes in endothelial 
cells (ECs) isolated from gastric and normal cells. 
Methods: Previously, we had isolated pure tumor ECs (TECs) and normal ECs (NECs) from advanced gastric cancer (AGC) lesions 
and normal mucosal tissues, respectively. Using the oligomer chip platform of the Affymetrix GeneChip technology, genes that were 
expressed more than three-fold with a significance of p≤0.001 were measured. The intercellular adhesion molecule 1 (ICAM-1) was 
found to be overexpressed in the TECs compared to the normal gastric ECs. In this study, the upregulation of ICAM-1 was confirmed 
in cultured TECs by immunofluorescence. 
Results: The expression of ICAM-1 was upregulated in the ECs, as well as in the stromal and immune cells, in early human gastric 
preneoplastic and hepatic fibrotic tissues. Upregulation of ICAM-1 was observed in the TECs, immune cells, and cancer epithelial 
cells in AGC and hepatocellular carcinoma (HCC). These results suggest that increased ICAM-1 expression in the ECs of the tissue 
microenvironment progressively contributes to the recruitment of immune cells to promote inflammation, leading to fibrosis and 
tumorigenesis. 
Conclusions: Therefore, upregulated ICAM-1 in the tissues in premalignant gastric diseases or hepatic fibrosis and their malignant 
cancers could be a promising target for disease prevention and treatment. (Korean J Gastroenterol 2022;79:170-176)
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INTRODUCTION

Tumor angiogenesis is a pathological process characterized 

by vessels with aberrant architecture and properties. Tumor 

vasculature is distinct from normal vasculature structurally 

and functionally in that it is leaky, tortuous, and chaotic. In 
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addition, from a genetic standpoint, these vessels have specif-

ic genes and surface proteins called tumor endothelial cell 

(EC) markers, suggestive of the genetic background shared 

with the tumors that surround them.1,2 Cancer cells and the 

surrounding stromal and inflammatory cells interact with one 

another to form an inflammatory tumor microenvironment 

(TME). The inflammatory response plays a key role in the de-

velopment of cancer and promotes all the stages of 

tumorigenesis.3

Gastric cancer (GC) is the fifth most frequent malignancy 

worldwide and the third most common cause of death, wherein 

the rate of median survival is less than one year in the advanced 

stage.4 Three-quarters of patients with GC are Asian and this 

is the most prevalent malignant neoplasm among Koreans.5 

The aggressiveness of GC has been linked to many genetic 

factors, such as mutations in various oncogenes and tumor 

suppressor genes. The aberrant expression of these genes 

and their downstream targets can confer a phenotype of in-

creased angiogenesis and metastasis.6 Gastric tumors exhibit 

various angiogenic phenotypes, and highly vascularized GC 

has a poorer prognosis than less vascularized cancers.7,8 

Angiogenesis and the destruction of vascular architecture are 

also associated with the progression of chronic hepatic dis-

eases, such as cirrhosis and hepatocellular carcinoma (HCC). 

Inflammation is a recurrent factor in the pathophysiology of 

both GC and chronic hepatic diseases. Proinflammatory media-

tors can elicit angiogenic responses by activating angiogenic 

factors, such as macrophages, mast cells, and activated 

leukocytesA.6,9

The intercellular adhesion molecule 1 (ICAM-1) is a cell-sur-

face glycoprotein and is identified as a regulator of leukocyte 

recruitment from circulation to the sites of inflammation. It 

is mainly expressed in the vascular ECs, but its expression 

is highly induced in epithelial and immune cells in response 

to inflammatory stimulation.10 As ICAM-1 plays a central role 

in leukocyte trafficking, lymphocyte activation, and numerous 

immune responses, the upregulation of ICAM-1 is a signature 

event during inflammation, particularly in the endothelium.11 

ICAM-1 expression has been positively correlated with various 

stages of gastric or hepatic cancers12 but negatively corre-

lated with GC cells and patient prognosis.13 Through DNA mi-

croarray analysis we previously found that ICAM-1 is upregu-

lated by isolated human GC ECs.2 However, whether ICAM-1 

is overexpressed in tumor blood vessel ECs and premalignant 

tissues is largely unknown depending on the progression of 

the GC and HCC. Here, we found that the ICAM-1 expression 

pattern is highly upregulated in isolated human GC TECs com-

pared with NECs. In addition, the ICAM-1 expression pattern 

in ECs and tissues was observed in human premalignant le-

sions and GC (early and advanced), hepatic cirrhosis, and 

HCC.

SUBJECTS AND METHODS

1. Human tissue specimens and patient information

We obtained fresh specimens of human GC tissue and ad-

jacent normal mucosa from nine patients who were treated 

at the Seoul National University Hospital, South Korea. The 

university pathology laboratory determined that the primary 

gastric carcinomas in these patients were either Stage III 

(TEC1) or Stage IIb (TEC2) of the poorly differentiated type. 

This study was approved by the Institutional Review Board 

(IRB) of Seoul National University Hospital (IRB No. 

C-0602-069-168), and informed consent was obtained from 

each subject.

2. Isolation and culture of ECs from human patient tis-

sues

NECs and gastric carcinoma TECs were isolated from their 

respective tissues using the Dynabeads magnetic bead system 

(Dynal Biotech, Inc., Lake Success, NY, USA). Fresh GC tissues 

were obtained within 30 minutes of surgical resection. For 

the normal tissue samples, gastric mucosa was taken ex-

clusively from regions 10 cm away from tumors with clearly 

defined margins. The isolation protocols were carried out as 

previously described with slight modifications.14 Isolation of 

EC from patient tissues was performed as previously described.2 

ECs were subsequently cultured onto gelatin-coated dishes 

with EC growth media-2 for microvessel EGM™-2MV (Clonetics™, 

Lonza Walkersville, Inc., Walkersville, MD, USA) supplemented 

with EGM™-2 SingleQuots™ (containing human vascular endo-

thelial growth factor [hVEGF], human epidermal growth factor 

[hEGF], human fibroblast growth factor, insulin-like growth fac-

tor-1, ascorbic acid, gentamycin, and heparin, and 20% fetal 

bovine serum (Hyclone Laboratories, Inc., Logan, UT, USA) con-

taining penicillin, streptomycin, and fungizone (PSF; Gibco, 

Thermofischer Scientific, Waltham, MA, USA). This nutrient-rich 

culture media will be referred to hereafter as EBM-2MV. The 
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Fig. 1. Intercellular adhesion molecule 1 (ICAM-1) expression in isolated human gastric tumor endothelial cells. (A) Expression of von Willebrand 
factor (vWF) and a cluster of differentiation 31 (CD31) was identified in both cultured endothelial cells from a gastric tumor (TEC) and those 
from normal tissues (NEC) using an immunofluorescent (IF) assay. Immunoglobulin (IgG) antibodies were used for IF control. (B) ICAM-1 
expression was examined in both cultured TECs and NECs by IF assay.

cells were maintained in a humidified incubator at 37℃ and 

5% CO2.

3. Immunofluorescent assays

After ECs from GC or normal tissues were cultured, ECs 

were fixed with 4% paraformaldehyde, and incubated at 4℃ 
overnight with primary antibodies, ICAM-1 (sc-8439, 1:50, 

Santa Cruz Biotechnology, Dallas, TX, USA), von Willebrand 

factor (vWF; A0082, 1:50, DAKO) or CD31 (sc-1506, 1:50, 

Santa Cruz Biotechnology). The next day, the cells were washed 

several times and further incubated with secondary antibodies 

with specific fluorescent probes and visualized using a confocal 

microscope (Leica TCS SP5 II Dichroic/CS, Leica Microsystems, 

Wetzlar, Germany).

4. Immunohistochemistry

GC, HCC, and other cancer specimens in the human tumor 

tissue array blocks were immunostained. Normal mucosa, liv-

er cirrhotic tissues, and other cancer tissues were included 

in the same block to serve as the control (SuperBioChips, 

Seoul, Korea). The tissue sections were deparaffinized and 

then dehydrated with xylene and ethanol. The anti-ICAM-1 an-

tibody (Santa Cruz Biotechnology) was diluted at 1:50 and 

was used for immunostaining in conjunction with a Vector 

ABC kit (Vector Laboratories, Inc., Burlingame, CA, USA). The 

immunostained tissues were observed using a light micro-

scope at ×200 magnification (Axio Imager A1, Carl Zeiss, 

Oberkochen, Germany). Images were taken of clearly stained 

lesions from tumoral and normal tissues. The ICAM-1–positive 

ECs in each image were counted. The data were expressed 

as the mean±SD of at least three fields. p-values <0.01 were 

considered statistically significant. Data were analyzed using 

a one-way analysis of variance.

RESULTS

1. ICAM-1 protein is upregulated in tumor ECs

After we isolated ECs from the NEC and TEC, we cultured 

the ECs on gelatin-coated dishes and performed an immuno-

fluorescent (IF) assay with EC markers, vWF, and CD31 (Fig. 

1A). We found both NECs and TECs expressed vWF and CD31, 

suggesting that the isolated ECs were homogeneous with high 

purity. When we compared the gene expression patterns of 

vascular NECs and TECs, ICAM-1 was increased 26-fold in 

the TECs, as determined using the Affymetrix GeneChip tech-

nology, whole human genome oligomer chips analysis.2 To 

confirm this result, the ICAM-1 protein expression was exam-

ined, which showed that the ICAM-1 protein level was highly 
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Fig. 2. ICAM-1 expression in gastric intestinal metaplasia, gastric adenoma, early gastric cancer, and fibrotic liver tissues. Human gastric tissue
array slides were used for immunohistochemical analysis with anti-ICAM-1 antibodies. (A) Normal stomach, (B) intestinal metaplasia, (C) gastric
adenoma, and (D) early gastric cancer. The numbers of ICAM-1–positive ECs were counted in at least three different sampling fields under
a light microscope. (E) A graph of the cell counts. Data are expressed as the mean±standard deviation of three different fields. ap<0.01 between
groups. (B) Human hepatic tissue array slides of normal and cirrhotic livers were used for immunohistochemical analysis with anti-ICAM-1
antibodies. (F) Normal liver and (G) cirrhotic liver. The numbers of ICAM-1–positive ECs were counted in at least three different sampling fields
under the microscope. (H) A graph of the cell counts. Photographs were taken at ×200 magnification. Immunohistochemistry of every tissue
samples was performed with 3,3'-diaminobenzidine tetrahydrochloride salt staining methods. Data are expressed as the mean±standard
deviation of three different fields. ap<0.01 between groups.
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Fig. 3. ICAM-1 expression in human advanced gastric cancer and hepatocellular carcinoma. (A) Human gastric cancer tissue array slides were 
used for immunohistochemical analysis with anti-ICAM-1 antibodies. (B) Human hepatic cancer tissue array slides were used for 
immunohistochemical analysis with anti-ICAM-1 antibodies. Photographs were taken at ×200 magnification. Immunohistochemistry of every 
tissue samples was performed with 3,3'-diaminobenzidine tetrahydrochloride salt staining methods.

increased in the TECs (Fig. 1B). 2. ICAM-1 protein is upregulated during gastric or 

hepatic disease progression

Next, we evaluated the ICAM-1 expression in the human 

stomach and liver tissues during disease progression by 
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Fig. 4. ICAM-1 expression in various human cancers. An array slide 
of various human cancer tissues was used with anti-ICAM-1 
antibodies. (A) Osteosarcoma, (B) lymphoma (diffuse large B cell 
lymphoma), (C) gastrointestinal stromal tumor, and (D) breast cancer.
Photographs were taken at ×200 magnification. Immunohistochemistry
of every tissue samples was performed with 3,3'-diaminobenzidine
tetrahydrochloride salt staining methods.

immunohistochemistry. ICAM-1 was expressed only in normal 

stomach vascular ECs (Fig. 2A). The expression of ICAM-1 in 

vascular ECs progressively increased through various stages 

of the disease from intestinal metaplasia and adenoma to 

early GC (Fig. 2B-D). In addition, ICAM-1 expression was also 

observed in recruited inflammatory cells and stromal cells. 

Compared with the ICAM-1 expression pattern in normal stom-

ach vascular ECs, the ICAM-1 expression patterns in the stro-

mal cells and recruited inflammatory cells of intestinal meta-

plasia, adenoma, and early GC were membranous and 

cytoplasmic. Moreover, ICAM-1 was preferentially expressed 

around regions of the intestinal metaplasia, adenoma, and 

the tumor compared with the non-lesion areas (Fig. 2B-D).

In the liver, ICAM-1 was expressed in sinusoidal ECs and 

the fibrotic matrix interstitial region in cirrhosis (Fig. 2F, G). 

In cirrhotic livers, increased ICAM-1 expression was observed 

in recruited inflammatory cells, stromal cells, and ECs, mainly 

in the cirrhotic area. Both cytoplasmic and membranous 

ICAM-1 expressions were observed in recruited inflammatory 

cells and stromal cells in the cirrhotic liver (Fig. 2G), in con-

trast to the membranous ICAM-1 expression pattern in the 

vascular endothelium of a normal liver. The ICAM-1 expression 

pattern in ECs was membranous; however, in the monocyte 

and matrix regions of the stomach and liver tissues the ex-

pression patterns were cytosolic and membranous (Fig. 2B-D, 

G). These data suggest that the ICAM-1 expression was upre-

gulated, and the expression pattern was changed during the 

disease progression in the stomach and liver tissues.

3. ICAM-1 protein is highly upregulated in various hu-

man cancer types

Furthermore, we assessed the ICAM-1 expression in various 

human advanced cancer tissues, and classified them as vas-

cularized or non-vascularized, based on the number of ECs 

in the tissues. In vascularized tumors, such as advanced gas-

tric GC and HCC,15 increased ICAM-1 expression was observed 

in the recruited inflammatory cells and stromal cells near the 

tumor cells, as well as the TECs (Fig. 3).

As a relatively non-vascularized tumor, osteosarcoma has 

a few stromal and inflammatory cells,16 where scant ex-

pression of ICAM-1 was observed (Fig. 4A). Lymphoma is a 

hematologic malignancy that typically lacks both stromal and 

vascular components. Nevertheless, expression of ICAM-1 in 

tumor cells (Fig. 4B) is frequently found in hematologic tumor 

cells.17 Gastrointestinal stromal tumors showed a few ICAM-1–
positive inflammatory cells, and ICAM-1 expression was cyto-

plasmic and membranous (Fig. 4C). In non-vascularized in-

vasive ductal breast cancer, stromal fibrosis surrounding the 

infiltrating cancer cells was prominent. Membranous and cyto-

plasmic ICAM-1 expressions were observed in the stromal and 

inflammatory cells in the fibrotic areas, but tumor vasculature 

was not observed (Fig. 4D).

Here, we demonstrated that ICAM-1 was upregulated in 

TECs. Upregulation of ICAM-1 progressively increased with the 

pathogenesis of the disease in gastric and hepatic cancers 

from fibrosis to tumorigenesis. ICAM-1 expression was also 

observed in cancer cells, recruited inflammatory cells, and 

stromal cells, as well as vascular ECs. Thus, high ICAM-1 ex-

pression in these cells may contribute to tumorigenesis by 

changing nonfibrotic, non-vascularized stroma into a fibrotic 

and richly vascularized TME.

DISCUSSION

ICAM-1 is an adhesion molecule that regulates leukocyte 

recruitment from the blood to the sites of inflammation. It 

is a cell-surface glycoprotein expressed at a low basal level 

in immune, endothelial, and epithelial cells but is upregulated 
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in response to inflammatory stimulation.18 Inflammation trig-

gers various pathological conditions, and its continuous or 

sporadic events lead to chronic diseases, such as fibrosis and 

cancer.3,18,19 Increased ICAM-1 expression in vascular vessels 

induce the increased recruitment of immune cells via trans-

endothelial migration. In turn, recruited immune cells secrete 

various cytokines, such as tumor necrosis factor-alpha (TNF-α) 

or interleukin-1 beta (IL-1β), to increase inflammatory re-

sponses and ICAM-1 expression.

Here, we demonstrated that the TECs express ICAM-1 more 

than the NECs (Fig. 1). Tumor vasculatures have typical geno-

types and abnormal characteristics, such as leakiness. These 

abnormal properties may contribute to disease aggressive-

ness as well as resistance to chemotherapeutics.20,21 

Increased ICAM-1 expression in the TECs may be induced by 

inflammatory cytokines secreted from immune cells in the 

TME. Tumor epithelial cells also upregulate ICAM-1 (Fig. 3) 

in the same way as the TECs. ICAM-1 expression in tumor 

cells and TECs would sustain and potentiate leukocyte traf-

ficking and its effector function in the TME, leading to tumor 

growth.

We also found that ICAM-1 expression in the ECs or stromal 

cells increased during the course of the pathogenesis of fib-

rosis or the initiation stage of preneoplasia (Fig. 2). Recent 

reports suggest that ICAM-1 regulates the clearance of apop-

totic or dead cells and efferocytosis of macrophages.22 

Efferocytosis induces the resolution of the inflammatory re-

sponse via the production of pro-resolution cytokines, IL-10, 

transforming growth factor-beta (TGF-β), and prostaglandin E2 

(PGE2).23 The reports suggest that ICAM-1 induces healing 

of tissue injury and facilitates the resolution of inflammation. 

This function of ICAM-1 may be due to the promotion of 

neovascularization.24 The pathogenesis of fibrosis and tumori-

genesis are the results of repetitive inflammation and wound 

repair.3,10

Our study suggests that progressive increased ICAM-1 ex-

pression in the ECs, stromal cells, and immune cells in the 

tissue microenvironment contributes to the recruitment of im-

mune cells to promote inflammation and subsequently induces 

wound healing, leading to fibrosis and tumorigenesis. Therefore, 

upregulated ICAM-1 in vascular ECs in inflammatory diseases, 

including cancers or fibrosis, could be a promising target for 

prevention or treatment.
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