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Abstract

AlIM: To evaluate the correlation between serum vascular
cellular adhesion molecule-1 (VCAM-1) levels and
clinicopathological features in patients with hepatocellular
carcinoma (HCC).

METHODS: Ninety-six patients who underwent HCC
resection were recruited in the study. Preoperative serum
levels of soluble VCAM-1 were measured by enzyme-linked
immunosorbent assay.

RESULTS: Serum VCAM-1 level in HCC patients was
inversely correlated with platelet count (r=-0.431, P<0.001)
and serum albumin level (r=-0.279, P<0.001), and positively
correlated with serum bilirubin level (r=0.379, P<0.001).
Serum VCAM-1 level was not associated with tumor
characteristics such as tumor size, venous invasion,
presence of microsatellite nodules, tumor grade and tumor
stage. Serum VCAM-1 level was significantly higher in HCC
patients with cirrhosis compared with those without cirrhosis
(median 704 vs 546 ng/mL, P<0.001). Furthermore, a
significantly better disease-free survival was observed in
HCC patients with low VCAM-1 level (P=0.019).

CONCLUSION: Serum VCAM-1 level appears to reflect
the severity of underlying chronic liver disease rather than
the tumor status in HCC patients, and low preoperative
serum VCAM-1 level is predictive of better disease-free
survival after surgery.
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INTRODUCTION

Hepatocel lular carcinoma (HCC) isatumor characterized by a
rich vasculature. The formation of rich vasculature depends on
angiogenesis, which is a process that plays an important role
in tumor progression, growth, and metastasis. Many angiogenic
factorsand mediatorsareinvolved inthe control of angiogenesis.

Vascular cell adhesion molecule-1 (VCAM-1) isone of the
adhesion molecules that have been implicated as amediator of
angiogenesigY. As one of the cell adhesion moleculesin the
immunogl obulin superfamily, human VCAM-1is M, 100 000-
110 000, type 1 transmembrane glycoprotein4, VCAM-1 is
transiently expressed on activated vascular endothelial cellsin
response to vascular endothelial growth factor (VEGF) and
other cytokines, such as tumor necrosis factor a, interleukin
1b, and interferon g257. Functionally, its expression plays a
major role in adhesion of leukocytes to the endothelium in
inflammed tissue and in the tumor sitel?. It also plays an
important role in providing attachment to the developing
endothelium during angiogenesig®19. Furthermore, it may also
exertitsfunction as an adhesion moleculeto facilitate metatasig?.
A previous study showed that VCAM-1 expression was
associated with the metastasis of melanoma*®.

VCAM-1 isasoluble molecule that can be detected in the
circulation. Although the exact mechanism by which VCAM-1
is shredded into the bloodstream is unknown, it may involve
both proteolytic processing and alternative splicing!*2*,
Because VCAM-1 can be identified in bloodstream, it is
potentially useful asanon-invasive biomarker for the monitoring
of disease progression in cancer and other diseased*®, |t
has been reported that VCAM-1 is over-expressed in various
diseases and cancers. Recent studies have demonstrated high
serum levels of VCAM-1 in patients with colorectal cancer and
gastric cancer’®, One study demonstrated that a high serum
VCAM-1 level was significantly associated with advanced
disease stage and the presence of distant metastasisin gastric
cancer*, A high serum VCAM-1 level has been shown to be
associated with angiogenesis and poor prognosis in breast
cancer®, A study has also found that serum VCAM-1 was an
independent prognostic marker in patients with Hodgkin’ s
lymphomal*,

Up-regulated VCAM-1 expression in chronic liver disease
has also been reported, suggesting that VCAM-1 may play a
rolein the pathogenesis of chronic hepatitis or cirrhosig-2,
Serum VCAM-1 levels higher than normal have been
consistently reported in several studies of chronic liver disease
of various etiologied'*?7, However, the clinical significance of
serum VCAM-1 in HCC patients has not yet been reported
before. The majority of HCC patients have associated chronic
hepatitis or cirrhosis. It isof interest to study serum VCAM-1
in HCC patients because VCAM-1 may be involved in the
progression of both the tumor and the underlying chronic liver
disease.

The objective of this study was to evaluate the levels of
serum solubleVCAM-1in HCC patientscompared with cirrhotic
patients without HCC and normal controls, and to analyze the
correlation of serum VCAM-1 level with clinicopathol ogical
featuresin HCC patients.

MATERIALS AND METHODS

Patients

Ninety-sx patients (71 menand 25 women; median age55.5years,
range 16-79 years) who underwent resection of HCC in the
Department of Surgery of the University of Hong Kong at Queen
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Mary Hospital were studied. In the majority of cases (81%,
n=78), HCC wasrelated to hepatitis B viral infection. None of
the 96 patients had received any preoperative treatment. The
study was approved by the Ethics Committee of our institution
and informed consent was obtained from the patients.
Preoperative serum was collected from the patients. Venous
blood samples were drawn into a serum separator tube and
centrifuged at 3 000 r/min for 10 min, then stored at -80 °C until
VCAM-1 levels were determined. Serum samples were also
obtained from 19 healthy controls without evidence of any
active disease and 23 patients with cirrhosis but no evidence
of HCC on ultrasonography and alpha fetoprotein (AFP)
surveillance. The majority of the 23 cirrhotic patients (74%,
n=17) had cirrhosis related to hepatitis B viral infection.

Measurement of serum VCAM-1 level

Serum VCAM-1 levelswere quantified using an enzyme-linked
immunosorbent assay kit designed to quantitatively measure
human soluble VCAM-1 concentration in serum (Human
SVCAM-1 Immunoassay; R& D systems, Minneapolis, MN).
This assay contains recombinant human VCAM-1 and
antibodies against the recombinant factor. The assay can
recognize both recombinant and natural human VCAM-1.
Briefly, 100 ni of diluted VCAM-1 conjugate (antibody to
recombinant VCAM-1 conjugated to horse-radish peroxidase)
was added to each well that was pre-coated with monoclonal
antibody specific for VCAM-1, after which, 100 m_ of serialy
diluted recombinant VCAM-1 standards and serum samples
were added to the wells and incubated at room temperature for
1.5 h. After the wellswere washed with wash buffer 6 timesto
clear any unbound substances, tetramethyl benzidine was added
to the wells for color development. The intensity of the
developed color was measured by reading absorbance at
450 nm. Each measurement was madein duplicate and the serum
VCAM-1level was determined by extrapolation from astandard
curve generated for each set of samples assayed. The sensitivity
of the assay was 2 ng/mL, and the coefficients of variation of
intraassay and interassay determination werein the range given
by the manufacturer (4.3-5.9% and 8.5-10.2%, respectively).

Clinicopathologic and follow-up data

All clinicopathologic and follow-up data were prospectively
collected and entered into a computerized database. Detailed
preoperative blood tests such as complete blood count,
coagulation profile, liver biochemistry, indocyanine green
retention at 15 min (ICG;s), serum AFPlevel, and hepatitisviral
serology were assessed for al patients. Histopathologic data
including Edmonson grade® (1-2 or 3-4), any venousinvasion,
tumor capsule, microsatellite lesion and pTNM stage’® (1/11 or
[11/IVA) were collected. All patientshad acomputed tomography
(CT) scan 1 mo after the hepatic resection to detect any tumor,
which was considered aresidual disease. Patients who had a
positive margin or residual tumorsin the 1-month CT scanwere
considered having a palliative resection.

Postoperative follow-up included monitoring for tumor
recurrence by monthly serum AFP level and chest X-ray
detection together with ultrasonography or computed
tomography (CT) scan every 3 mo. Recurrence of disease was
diagnosed by the detection of any intrahepatic or extrahepatic
tumor with atypical enhancement pattern of HCC in contrast
CT scan and elevation of serum AFP level on serial
measurements. Percutaneous fine-needle aspiration cytology
was performed to confirm the diagnosis of recurrence in
uncertain cases. Disease-free survival was calculated from the
date of hepatic resection to the date when recurrence was
diagnosed or, in the absence of detectable recurrence, to the
date of death or last follow-up.

Statistical analysis

Continuous data were expressed as median with range in
parenthesis. For comparison between groups, Mann-Whitney
U test was used for analysis of continuous variables, and Chi-
sguare test (or the Fisher’ s exact test, where appropriate) was
used for analysis of discrete variables. Correlation analysis
was performed using the Spearman rank correlation test.
Cumulative disease-free survival was computed using the
Kaplan-Meier method and compared between groups by the
log-rank test. SerumVCAM leve wasentered into amultivariate
Cox regression analysis together with 7 other variables that
were demonstrated to be of prognostic importance in previous
studies from our center and others, namely, serum AFP level,
tumor size, presence of venous invasion, presence of
microsatellite nodules, presence of underlying cirrhosis and
PTNM stagel®34, All statistical analyses were performed using
the SPSS datistical software (SPSS/PC+, SPSS Inc., Chicago,
I1linois). P<0.05 was considered statistically significant.

RESULTS

Serum VCAM-1 levels

Figure 1 showsthedigtribution of serum VCAM levelsin normal
controls (n=19), patients with cirrhosis only (n=23) and HCC
patients (n=96). The median serum VCAM-1 level in hedthy
individuals, patientswith cirrhosis only, and patientswith HCC
was631ng/mL (449-1103), 780ng/mL (509-4 120), and 621 ng/mL
(179-3199), respectively. Therewas no significant differencein
serum VCAM-1 levels between HCC patients and normal
individuals (P=0.447). However, there were significant
differencesin serum VCAM-1 levels between cirrhotic patients
without HCC and normal individuals (P=0.010), and between
cirrhotic patientswith and without HCC (P<0.001).
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Figure 1 Scatter plot to illustrate the distribution of serum
VCAM-1 level (hg/mL) in healthy control subjects (n=19), cir-
rhosis subjects without HCC (n=23), and HCC patients (n=96).

Correlationbetween serumVCAM-1 levels and clinicopathological
features in HCC patients

Preoperative serum levels of VCAM-1 in the 96 patients with
HCC were analyzed to identify any relationship with the
clinicopathological parameters. When analyzed in relation to
preoperative clinical parameters categorized asbinary variables
(Table 1), serum VCAM-1leve had no significant relationship
with patients sex, age, hepatitis B surface antigen status, serum
AFP level or serum albumin level. However, serum VCAM-1
levels were significantly higher in patients with high ICG;s
(>10%), which signifiesimpaired liver function, and in patients
with thrombocytopenia, which signifies the presence of
significant hypersplenism. When correlated as continuous
variables, serumVCAM-1levelswere positively correlated with
serum bilirubin level (r=0.379, P<0.001) and negatively
correlated with white cell count (r=-0.226, P=0.027), platelet
count (r=-0.431, P<0.001) and serum albumin level (r=-0.279,
P<0.001).
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Table 1 Preoperative serum VCAM-1 levels categorized by
clinical and laboratory variables

Variables Median serum VCAM-1 (ng/mL) p?

Gender
Male (n=71) 623 0.381
Female (n=25) 594

Age (yr)
<60 (n=56) 615 0.460
>60 (n=40) 639

HBsAg
Positive (n=78) 623 0.266
Negative (n=18) 592

Serum AFP
<20 ng/mL (n=29) 608 0.737
>20 ng/mL (n=67) 623

Serum albumin
<40 g/L (n=59) 614 0.228
>40 g/L (n=37) 634

ICGys
<10% (n=45) 531 <0.001
>10% (n=51) 667

Platelet count
<150 x10° /L (n=44) 728 <0.001
>150 x10° /L (n=52) 547

HBsAg: Hepatitis B surface antigen; AFP: alpha-fetoprotein;
ICG;s: indocyanine green retention at 15 min. !By Mann-
Whitney U test.

Table 2 Preoperative serum VCAM-1 levels categorized by
pathological variables

Variables Median serum VCAM-1 p?
(ng/mL)

Background liver disease

Normal (n=7) 462

Chronic hepatitis (n=39) 548 0.0842

Cirrhosis (n=50) 704 <0.001°

Cirrhotic liver

Absent (n=46) 546 <0.001

Present (n=50) 704

Tumor size

<5 cm (n=35) 686 0.158

>5 cm (n=61) 609

Tumor capsule

Absent (n=66) 597 0.015

Present (n=30) 736

Venous invasion

Absent (n=49) 643 0.248

Present (n=47) 574

Microsatellite nodules

Absent (n=50) 643 0.359

Present (n=46) 626

Edmonson grade

1711 (n=49) 634 0.629

HI/1V (n=47) 642

PTNM stage

1711 (n=43) 649 0.134

H/1V (n=53) 592

pTNM: Pathological tumor-node-metastasis. !By Mann-
Whitney U test; 2Compared with normal nontumorous liver;
P<0.001 compared with both normal liver and chronic hepatitis.

Table 2 shows the relationship of serum VCAM-1 levels
and histopathologic features of the resected HCC. There was
no significant relationship with the tumor size (P=0.185), the
presence of microsatellite tumor nodules (P=0.359) or venous
invasion (P=0.248). Significantly higher serum VCAM-1levels
were observed with the presence of tumor capsule (P=0.015)
and the presence of cirrhosisin adjacent non-tumor liver tissues
(P<0.001). When categorized according to tumor pTNM staging
or Edmonsongrading, no significant differencesin serum VCAM-
1 levelswere observed between different tumor stagesor grades.

Serum VCAM-1 levels in HCC patients with or without cirrhosis
Fifty out of the 96 HCC patients had cirrhotic liver adjacent to
the resected tumor. The median level of serum VCAM-1in
these cases of HCC with cirrhosiswas 704 ng/mL (179-3 199),
which was significantly higher than that in the HCC cases
without cirrhosis(median 546 ng/mL, range 207-1 248, P<0.001),
but it was significantly lower than that in the 23 patients with
cirrhosis only (P=0.034). All patientswith HCC and cirrhosis
had Child’ sA liver function status, whereasamong the 23 patients
with cirrhosis only, 8 patientswere Child’ s A, 7 patients were
Child' sB and 8 patientswere Child’ s C. When compared with
the healthy individuals, although the median level of serum
VCAM-1 in HCC patients with cirrhosis was higher, the
difference was not statisticaly different (P=0.271). In contrast,
HCC patients without cirrhosis (n=46) had asignificantly lower
level of VCAM-1 when compared with healthy individuals
(P=0.008). HCC patients with chronic hepatitis (n=39) had a
higher serum VCAM-1 level than HCC patients with normal
liver, but the differencewas not setigticdly significant (P=0.084).
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Figure 2 Disease-free survival analysis of HCC patients segre-
gated into low (<467 ng/mL, n=21) and high (>467 ng/mL,
n=67) preoperative serum VCAM-1 levels (P=0.019).

Prognostic value of serum VCAM-1 levels on disease-free survival
Excluding 8 patients with hospital mortality or palliative
resection, 88 patients were available for survival analysisto
determine the prognostic influence of serum VCAM-1 levels.
Themedian follow-up of the patientswas 33 mo (range 15-52 mo).
Because of the skewed distribution of serum VCAM-1 levels
among the 88 patients, the 25 th percentile of VCAM-1 levels
(467 ng/mL) was used as a cut-off point of high and low values
of serum VCAM-1 levelsin these patients®2. At the time of
analysis, 52 of the 88 HCC patients had postoperative
recurrence. The disease-free survival was compared between
two groups of patients who were segregated in low (n=21) and
high (n=67) serum VCAM-1 levels. Patientswith low levels of
VCAM-1 had significantly better disease-free survival than
thosewith high levelsof VCAM-1 (3-year disease-free survival
66.7% vs 32.8%, P=0.019, Figure 2). The overall surviva was
also better in the group with low serum VCAM-1 levelsthanin
the group with high levels, but the difference was not
statistically significant (3-year overal surviva 75.0% vs54.2%,
P=0.406).
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Serum VCAM-1 wasentered into a Cox regression analysis
of disease-freesurviva together with sssum AFP (> or <20 ng/mL),
tumor size (> or <5 cm), presence of venousinvason, presence
of microsatellitelesions, presence of cirrhosisand tumor pTNM
stage. Only pTNM stage (risk ratio 1.409, 95% confidence
interval 1.080-1.840, P=0.012) and serum VCAM-1 (risk ratio
2.329, 95% confidence interval 1.045-5.191, P=0.039) were
significant prognostic factors for disease-free survival.

DISCUSSION

Evaluation of angiogenic factors has shown important clinical
implications in many types of cancer. In particular, the
measurement of various circulating angiogenic factors might
provide important prognostic values independent of
conventional pathological factorsin cancer patientd®. HCC is
ahighly vascularized malignancy, and angiogenesis has been
known to be important for its development and metastasi g*4.
Hence, it isof great interest to evaluate the clinical significance
of circulating angiogenesis-related markers in HCC patients.
Serum VCAM-1 appearsto be a promising circulating marker
that might have a prognostic valuein severa types of cancer*619,
To our knowledge, thisis the first study that evaluated the
clinical significance of serum VCAM-1levelsin HCC patients.

Although the median level of VCAM-1 in HCC patients
appeared to be similar to that in normal subjects, within the
group of HCC patients, those with underlying cirrhosis had a
significantly higher VCAM-1 level than those with chronic
hepatitis or normal nontumorousliver. Furthermore, high serum
VCAM-1 levelsin HCC patients correlated positively with
serum bilirubin level and inversely with serum albumin level
and platelet count. These findings suggested that high serum
VCAM-1 levels were related to the severity of underlying
chronic liver diseases. In contrast, there was no significant
relationship between serum VCAM-1 levels and tumor size,
pathological features of invasiveness or tumor stage. This
finding in HCC patients was contrary to the findings of higher
serum VCAM-1 levels associated with more advanced stage
tumorsin other cancerg'®*9. Analysisof sertumVCAM-1levels
in HCC patients is complicated by the fact that most cases of
HCC are associated with chronic liver disease, which could
also contribute to the serum VCAM-1 levels. The source of
VCAM-1in thecirculation of HCC patients could come from
activated endothelial cells in both the tumor and chronic
hepatitis or cirrhosis in the nontumorous liver. Our study
suggested that serum VCAM-1 level in HCC patients could
reflect the severity of underlying chronic liver disease rather
than the tumor status. Unlike the case of some other cancers,
VCAM-1 may play alessimportant role as a mediator of
angiogenesis or related pathologica processesin HCC. One of
the main functions of endothelial adhesion moleculesin tumor
is to facilitate the adhesion of leukocytes into tumor
endothelium, which in turn could promote angiogenesi %',
Yoong et al.l* demonstrated that vascular adhesion protein-1
and intercellular adhesion molecule-1, rather than VCAM-1,
supported adhesion of tumor infiltrating lymphocytesto tumor
endothelium in HCC. In fact, the serum VCAM-1 levels of the
46 patients with HCC and noncirrhotic liver were significantly
lower than those of normal controls, suggesting that VCAM-1
expression may be down-regulated in HCC patients. While most
studies in other types of cancer reported the expression of
serum VCAM-1 levelswas up-regulated, down-regulation of
VCAM-1 has also been reported in node positive breast cancer
patients®,

The serum VCAM-1 levelsin the 96 HCC patientsin this
study were significantly lower than those of 23 patients with
cirrhosis only. Even when the 50 patients with HCC and
background cirrhosis were separately analyzed, their serum

VCAM-1 levelswere ill significantly lower than those of the
23 patients with cirrhosisonly. Thisis probably attributable to
the fact that all cirrhotic patients with HCC who underwent
hepatic resection had Child’ s A cirrhosis, whereas the majority
of patientsin the group with cirrhosis only had Child’ sB or C
cirrhosis. Several previous studies have demonstrated that
serum VCAM-1 levels were elevated in cirrhotic patients
compared with normal controls, and that serum VCAM-1 level
washigher with more severeimpairment of liver function or more
severe portal hypertension?22226271, Two studies demonstrated
that serum VCAM-1 levels reflected the degree of fibrosisin
hepatitis C related cirrhotic patientg®2, Our study suggested
asimilar relationship between serum V CAM-1 level and severity
of cirrhosisin agroup of patientswith predominantly hepatitis
B virusrelated cirrhosis. VCAM-1 appearsto play an important
rolein liver inflammation and fibrosis, probably by mediating
interaction between lymphocytes and endothelium. Further
studiesto clarify therole of VCAM-1 in chronic liver disease
may lead to a better understanding of the pathogenesis of
cirrhosis and may provide a novel target of intervention to
prevent progression of cirrhosis.

Although serum VCAM-1 level was not related to tumor
invasiveness or stage, we observed a significantly better
disease-free survival in HCC patients with low level of serum
VCAM-1. Our study demonstrated that preoperative circulating
level of VCAM-1 had aprognostic valuein patients undergoing
resection of HCC independent of conventional prognostic
factors. The exact mechanism underlying the survival
differences between patients with low and high serum VCAM-
1 levelsisunclear. In view of the relationship between serum
VCAM-1 levels and the severity of underlying chronic liver
disease or cirrhosis found in this study and other studied?*27,
we speculate that the unfavorable prognostic influence of high
serum VCAM-1 level islikely to be related to the underlying
cirrhotic or fibrotic condition. The presence of cirrhosis or a
higher degree of liver fibrosis has been shown to predispose to
multicentric hepatocarcinogenesis and hence postoperative
recurrence of HCC!®2U, An alternative possibility isthat HCC
with significantly down-regulated VCAM-1 expression may be
associated with more favorable prognosis after resection.
However, the exact mechanism for the reduction in serum
VCAM-1level inthe presence of HCC observedin some patients
isfar from clear, and such apossibility seemslesslikely in view
of thelack of association between serum VCAM-1 and tumor
characteristics. Further studies that correlate serum VCAM-1
level with theexpression of VCAM-1in HCC tumor tissuesand
adjacent nontumorous liver may help clarify the mechanism
underlying the prognostic significance of serum VCAM-1levels
in HCC patients. I rrespective of the underlying mechanism, the
predictive value of serum VCAM-1 level might have potential
clinical application in selecting patients with a higher risk of
postoperative recurrence for some adjuvant therapy to reduce
recurrence.

In conclusion, our data demonstrated that serum VCAM-1
levelsin HCC patients correlated with the impairment of liver
function and the presence of cirrhosis but not tumor size or
features of tumor invasiveness. Hence, serum VCAM-1 levels
appear to reflect the severity of underlying liver disease rather
than the tumor status in HCC patients. A low serum VCAM-1
level predicts better disease-free survival after tumor resection
in HCC patients. Further studies are merited to investigate the
exact mechanismsinvolved in these observations and to explore
the potential use of serum VCAM-1 level asanovel prognostic
marker in HCC patients.

REFERENCES
1 Koch AE, Halloran MM, Haskell CJ, Shah MR, Polverini PJ.



2018 ISSN 1007-9327  CN 14-1219/ R

World J Gastroenterol

July 15, 2004 Volume 10 Number 14

10

11

12

13

14

15

16

17

18

Angiogenesis mediated by soluble forms of E-selectin and vas-
cular cell adhesion molecule-1. Nature 1995; 376: 517-519
Osborn L, Hession C, Tizard R, Vassallo C, Luhowskyj S, Chi-
Rosso G, Lobb R. Direct expression cloning of vascular cell
adhesion molecule 1, a cytokine-induced endothelial protein
that binds to lymphocytes. Cell 1989; 59: 1203-1211
Cybulsky MlI, Fries JW, Williams AJ, Sultan P, Eddy R, Byers
M, Shows T, Gimbrone MA Jr, Collins T. Gene structure, chro-
mosomal location, and basis for alternative mRNA splicing of
the human VCAM1 gene. Proc Natl Acad Sci U S A 1991; 88:
7859-7863

Hession C, Tizard R, Vassallo C, Schiffer SB, Goff D, Moy P,
Chi-Rosso G, Luhowskyj S, Lobb R, Osborn L. Cloning of an
alternate form of vascular cell adhesion molecule-1 (VCAML1).
J Biol Chem 1991; 266: 6682-6685

Doukas J, Pober JS. IFN-gamma enhances endothelial activa-
tion induced by tumor necrosis factor but not IL-1. J Immunol
1990; 145: 1727-1733

Thornhill MH, Wellicome SM, Mahiouz DL, Lanchbury JS,
Kyan-Aung U, Haskard DO. Tumor necrosis factor combines
with IL-4 or IFN-gamma to selectively enhance endothelial cell
adhesiveness for T cells. The contribution of vascular cell adhe-
sion molecule-1-dependent and -independent binding
mechanisms. J Immunol 1991; 146: 592-598

Fox SB, Turner GD, Gatter KC, Harris AL. The increased ex-
pression of adhesion molecules ICAM-3, E- and P-selectins on
breast cancer endothelium. J Pathol 1995; 177: 369-376
Imhof BA, Dunon D. Leukocyte migration and adhesion. Adv
Immunol 1995; 58: 345-416

Watt SM, Gschmeissner SE, Bates PA. PECAM-1: its expres-
sion and function as a cell adhesion molecule on hemopoietic
and endothelial cells. Leuk Lymphoma 1995; 17: 229-244
Patey N, Vazeux R, Canioni D, Potter T, Gallatin WM, Brousse
N. Intercellular adhesion molecule-3 on endothelial cells. Ex-
pression in tumors but not in inflammatory responses. Am J
Pathol 1996; 148: 465-472

Langley RR, Carlisle R, Ma L, Specian RD, Gerritsen ME,
Granger DN. Endothelial expression of vascular cell adhesion
molecule-1 correlates with metastatic pattern in spontaneous
melanoma. Microcirculation 2001; 8: 335-345

Pigott R, Dillon LP, Hemingway IH, Gearing Al. Soluble forms
of E-selectin, ICAM-1 and VCAM-1 are present in the superna-
tants of cytokine activated cultured endothelial cells. Biochem
Biophys Res Commun 1992; 187: 584-589

Terry RW, Kwee L, Levine JF, Labow MA. Cytokine induction
of an alternatively spliced murine vascular cell adhesion mol-
ecule (VCAM) mRNA encoding a glycosylphosphatidylinositol-
anchored VCAM protein. Proc Natl Acad Sci U S A 1993; 90:
5919-5923

Matsuda M, Tsukada N, Miyagi K, Yanagisawa N. Increased
levels of soluble vascular cell adhesion molecule-1 (VCAM-1)
in the cerebrospinal fluid and sera of patients with multiple
sclerosis and human T lymphotropic virus type-1-associated
myelopathy. J Neuroimmunol 1995; 59: 35-40

Sudhoff T, Wehmeier A, Kliche KO, Aul C, Schlomer P, Bauser
U, Schneider W. Levels of circulating endothelial adhesion
molecules (sE-selectin and sVCAM-1) in adult patients with
acute leukemia. Leukemia 1996; 10: 682-686

Alexiou D, Karayiannakis AJ, Syrigos KN, Zbar A, Kremmyda
A, Bramis I, Tsigris C. Serum levels of E-selectin, ICAM-1 and
VCAM-1 in colorectal cancer patients: correlations with clini-
copathological features, patient survival and tumour surgery.
Eur J Cancer 2001; 37: 2392-2397

Alexiou D, Karayiannakis AJ, Syrigos KN, Zbar A, Sekara E,
Michail P, Rosenberg T, Diamantis T. Clinical significance of
serum levels of E-selectin, intercellular adhesion molecule-1,
and vascular cell adhesion molecule-1 in gastric cancer patients.
Am J Gastroenterol 2003; 98: 478-485

O”Hanlon DM, Fitzsimons H, Lynch J, Tormey S, Malone C,

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Given HF. Soluble adhesion molecules (E-selectin, ICAM-1
and VCAM-1) in breast carcinoma. Eur J Cancer 2002; 38:
2252-2257

Christiansen |, Sundstrom C, Enblad G, Totterman TH. Soluble
vascular cell adhesion molecule-1 (sVCAM-1) is an indepen-
dent prognostic marker in Hodgkin’s disease. Br J Haematol
1998; 102: 701-709

Adams DH, Burra P, Hubscher SG, Elias E, Newman W. En-
dothelial activation and circulating vascular adhesion mol-
ecules in alcoholic liver disease. Hepatology 1994; 19: 588-594
Haruta I, Tokushige K, Komatsu T, Ikeda I, Yamauchi K,
Hayashi N. Clinical implication of vascular cell adhesion mol-
ecule-1 and very late activation antigen-4 interaction, and ma-
trix metalloproteinase-2 production in patients with liver
disease. Can J Gastroenterol 1999; 13: 721-727

Lim AG, Jazrawi RP, Levy JH, Petroni ML, Douds AC, Max-
well JD, Northfield TC. Soluble E-selectin and vascular cell
adhesion molecule-1 (VCAM-1) in primary biliary cirrhosis. J
Hepatol 1995; 22: 416-422

Pirisi M, Fabris C, Falleti E, Soardo G, Toniutto P, Vitulli D,
Gonano F, Bartoli E. Serum soluble vascular-cell adhesion
molecule-1 (VCAM-1) in patients with acute and chronic liver
diseases. Dis Markers 1996; 13: 11-17

Kaplanski G, Farnarier C, Payan MJ, Bongrand P, Durand JM.
Increased levels of soluble adhesion molecules in the serum of
patients with hepatitis C. Correlation with cytokine concentra-
tions and liver inflammation and fibrosis. Dig Dis Sci 1997; 42:
2277-2284

Lo lacono O, Garcia-Monzon C, Almasio P, Garcia-Buey L,
Craxi A, Moreno-Otero R. Soluble adhesion molecules corre-
late with liver inflammation and fibrosis in chronic hepatitis C
treated with interferon-alpha. Aliment Pharmacol Ther 1998;
12: 1091-1099

Yamaguchi N, Tokushige K, Haruta I, Yamauchi K, Hayashi
N. Analysis of adhesion molecules in patients with idiopathic
portal hypertension. J Gastroenterol Hepatol 1999; 14: 364-369
Kobayashi H, Horikoshi K, Long L, Yamataka A, Lane GJ,
Miyano T. Serum concentration of adhesion molecules in post-
operative biliary atresia patients: relationship to disease activ-
ity and cirrhosis. J Pediatr Surg 2001; 36: 1297-1301
Edmonson HA, Steiner PE. Primary carcinoma of the liver: a
study of 100 among 48 900 necropsies. Cancer 1954; 7: 462-503
Hermanek P, Sobin LH, eds. TNM classification of malignant
tumors. 41 ed. Berlin, Springer Verlag 1987

Tung-Ping Poon R, Fan ST, Wong J. Risk factors, prevention,
and management of postoperative recurrence after resection of
hepatocellular carcinoma. Ann Surg 2000; 232: 10-24
Lauwers GY, Vauthey JN. Pathological aspects of hepatocel-
lular carcinoma: a critical review of prognostic factors.
Hepatogastroenterology 1998; 45(Suppl 3): 1197-1202

Kaplan EL, Meier P. Nonparametric estimation from incom-
plete observations. J Am Stat Assoc 1958; 53: 457-481
Tung-Ping Poon R, Fan ST, Wong J. Clinical implications of
circulating angiogenic factors in cancer patients. J Clin Oncol
2001; 19: 1207-1225

Poon RT, Fan ST, Wong J. Clinical significance of angiogenesis
in gastrointestinal cancers: a target for novel prognostic and
therapeutic approaches. Ann Surg 2003; 238: 9-28

Jain RK, Koenig GC, Dellian M, Fukumura D, Munn LL, Melder
RJ. Leukocyte-endothelial adhesion and angiogenesis in tumors.
Cancer Metastasis Rev 1996; 15: 195-204

Yoong KF, McNab G, Hubscher SG, Adams DH. Vascular
adhesion protein-1 and ICAM-1 support the adhesion of tu-
mor-infiltrating lymphocytes to tumor endothelium in human
hepatocellular carcinoma. J Immunol 1998; 160: 3978-3988
Madhavan M, Srinivas P, Abraham E, Ahmed I, Vijayalekshmi
NR, Balaram P. Down regulation of endothelial adhesion mol-
ecules in node positive breast cancer: possible failure of host
defence mechanism. Pathol Oncol Res 2002; 8: 125-128

Edited by Wang XL Proofread by Chen WW and Xu FM



