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INTRODUCTION

Theincreased expression of ICAM-1 on awiderange
of cellsand in the sera of patients with malignancies,
chronic liver diseases and inflammation diseases has
been described sincethelate 19805122, Recently rapid
progressinstudieson expression of ICAM-1in patients
with hepatocellular carcinoma (HCC) have been
achieved, includingclinica and experimenta researches
(2331 1t iswell known now that ICAM-1 expressed in
two ways in HCC: () membrane-bounded ICAM-1
on the surface of HCC cells (mblCAM-1), which did
not expressinnormal liver cells, and @) soluble| CAM-
1 (sICAM-1) in seraof the patients, the concentration
of which is well correlated with the progress and
prognosis of the disease®™. However, littleisknown
about whether sSICAM-1isadiagnostic marker for early
detecting HCC and monitoring its postoperative
recurrence. It hasbeen demonstrated that measurement
of SICAM-1 might be of clinical values for early
diagnosis and monitoring recurrence of HCC,
particularly in patientswith normal or low serumlevel
of a-fetoprotein (AFP)**%, Another controversy in
thisfield iswhat isthe main source of high levels of
circulating sSICAM-1in HCC patients. It wasreported
that thereweretwo forms of SICAM-1: HCC-specific
circulating form of ICAM-1 shedding fromHCC cdlls,
and inflammation-associated |CAM-1 upregul ated by
severa cytokines, of which interferon-gamma (INF-
gamma) was the main cytokine trigger for ICAM-1
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expression®¥. To solve the two problems mentioned
abovehasbecomethekey to thestudy. For thispurpose,
we havefurther confirmedtheclinica vauesof SCAM-
1 detectionin HCC compared with benign liver diseases
and normal control, analyzed the serum levelsof AFP
andsICAM-1inHCC; observed mbl CAM-1 expression
in different regions of HCC tissues with the
immunohistochemistry, and measured theexpression of
ICAM-1 mRNA in tissue samples by reverse
transcriptase polymerase chain reaction (RT-PCR).

MATERIALS AND METHODS

Patients

Between January 1997 and July 2000, 151 patients
with pathologically proven HCC either by surgical
resection of liver tumorsor by liver biopsies(131 men
and 20 women; aged from 14 to 80 years, median 49)
weretreated in our department. Tumor waslessthan
5cmindiameter in 21 patients,lessthan 10 cmin 43
and more than 10 cm or with extrahepatic metastasis
in87 cases. Liver cirrhosiswasfound in 137 patients.
Hepatitis B surface antigen (HBSAg) was positivein
129 patients. Hepatitis C antibody was positivein 14
patients. The serum concentration of AFP was
measured in all cases by radioimmunoassay (RIA)
and itsreference ranges were classified asfollows:
>200 ug/L as positive in 93; 20 ug/L-200 pg/L as
questionable positivein 33 and <20 pg/L asnegative
in 253, Treatment included surgical procedures (in
90 cases), interventioanl radiology (IR in 46) and
percuteneous ethanol injection (PEI in 15). Among
the surgically-treated patients, tumor resection was
performed in 75, including radical resection in 42,
nonradical in 33 duetointrahepatic vascular invasion
on the resected margin pathologically or intrahepatic
metastasis of tumor found intraoperatively.
L aparotomy cathterization of the hepatic artery was
undertaken in 15. The 46 patients underwent IR
therapies including transcatheter arterial
embolization (TAE) in 30 and transcatheter arterial
infusion (TAI) in 16.

Follow-up of the patients undergoing
hepatectomies

The patients undergoing hepatectomies were
followed up monthly inthefirst year and once every
two months in the second year postoperatively.
During the follow-up, serum concentration of AFP
and sICAM-1, liver function and image
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examinationsincluding BUS, CT or selective hepatic
angiography were undertaken. Tumor recurrence was
confirmed whenintrahepaticlesion or portal veintumor
thrombi were found by liver image, and pathol ogical
diagnosis was established by reoperation or biopsy of
thetumor.

ELISA for sSICAM-1

Concentrations of sICAM-1 were measured with an
enzyme-linked immunosorbent assay kit (Biosource
Europe, Fleurus, Belgium) asdescribed previoud y®+7,
Inall HCC patients, SICAM-1 levelswere compared
with their levels of serum AFP. As controls, serum
levelsof SICAM-1were measured in 62 patientswith
chronic hepatitisB (CH), 60 with liver cirrhosis (L C)
and 50 healthy blood donors.Immunohistochemistry
of liver tissues -Tissues from tumor and adjacent
region were obtained from 52 patients with surgical
resection. Histologically normal liver tissues were
obtained from 3 patientswith liver hemangioma. To
demonstrate the presence of ICAM-1 in the resected
liver tissues, each fresh specimen was cut at -20°C
with thecryostat (4 pm- thick), mounted on siainized
adhesion microscopesdlides, dried overnight at room
temperature, fixed with cold acetone (-20°C) for 10
min and chloroform for 20 min. Anti-human ICAM-
1 mouse monoclonal antibody (Clone HASS,
Pharmigen) wasused. The slideswere washed twice
in TRIS/0.2% BSA and then incubated with sheep-
anti-mouse-1g (DAKO, Copenhagen, Denmark).
And then the staining reaction was devel oped with
a streptavidin-biotinylated-al kaline-phosphatase-
complex (DAKO),slides were counterstained with
hematoxylin, and nonreacting monoclonal antibody
of 1gG-1-isotype (DAKO) was used as negative
control.

RNA extraction and DNA amplification

The total RNA was isolated from the fresh
resected liver tissues by the acid guanidium
thiocynate-phennol-chloroformmethod™’ (Gstract,
Maxim Biotech, Inc., San Francisco, USA). The
concentration of RNA was determined from
absorption at 260nm, and A 260: -80 ratios were >
1.7. RNA (10 pg)was subjected to el ectrophoresis
in 1.5% agarose gels. The PCR primer for ICAM-
1 and GAPDH were designed according to Vigano
et all*. The following four primers presented by
Dr. Shraven were used: @O (105) 5’-
TGATGACATCAAGAAGGTGGTGAAG-3'; @
(1047)5'-TCCTTGAGGCCATGTGGGC-CAT-3';
(3 (825) 5'-GTCCCCTCAAAAGTCATCC-3'; @
(1064) 5'-AACCCCATTCAGCGTCACCT-3'.
The primer set was used to amplify an intron-
spanning region of the human glyceraldeyde-3-
phosphate dehydrogenase (GAPDH) gene. The
latter gene provided a constitutively expressed

internal control for complementary DNA
contamination. The presence of ICAM-1 and
GAPDH mRNAs was demonstrated by amplifying
respective target sequences using PCR according
totheinstruction provided withthe Technical Bulletin
Kit (Promega). In brief, 3 pL (2.5 mM) RNA, and
50 pmol/L primers for ICAM-1 or GAPDH were
added to each reaction mixture respectively, which
included 0.4mM dNTPs2 L, 3puL (1.5mM) MgSO,,
AM V reverse transcriptase 1 pL (5U), Tfl DNA
polymerase 1 uL (5U), and AMV/TfI 5 x buffer 10
pL. The final reaction volume was 50 pL and was
covered with 20 pL mineral oil. Then with PCR
thermal cycle(Hema 480, China), RT-PCR reaction
wasrunin thefollowing procedures: (1) 48°C for 45
min, 1circle; @ 94°C for 2min, 1circle; @ 94°C for
30s, 60°C for 1 min, 38°C for 2 min, 30 circles; and
@ 68°C for 7min, 1 circle. Five uL PCR product
was placed on 1.5% agarose gel and observed by
EB staining under UV light, theel ectrophoresisphoto
was transformed into computer, and ICAM-1
intensity was analyzed with MPIAS500 image
system, while the GAPDH band intensity was
subtracted as an internal standard.

Statistical analysis
Groupswere compared by the Kruskal-Wallsi test and
thet test.

RESULTS

sICAM-1 measurement

The concentrations of SICAM-1 measured in different
groupsareillustrated in Figure 1. Thelevelsof SICAM-
1 in the patients with CH (median -462 pg/L), LC
(median-587 pug/L) and HCC (median-1120 ug/L) were
sgnificantly higher thanthatinthenormal control (median
-285 ug/L) (P<0.01). Thelevelsof SsSCAM-1in HCC
group wasaso significantly higher thanthosein CH and
LCgroups(P<0.01).
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Figure 1 Serum concentration of SICAM-1 in normal controls
(n = 50), in patients with chronic hepatitis (CH, n = 62),
cirrhosis (LC, n=60), and hepatocellular carcinoma (HCC, n =151).
3P<(0.05,"P<0.01.
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Comparative analysis of the serum values of
SCAM-1and AFPin HCC patientsislistedin Table
1. There were 93 (62%) patients with positive
serum AFP, and 58 (38%) with questionable and
negative (33 and 25). However, the median values
of SICAM-1in these patients were 1597, 1456 and
1271 pg/L respectively. Statistical analysisshowed
no significant differences. In addition, analysis of
ranges of sSICAM-1 of HCC patients showed that
129 (85.4%) patients had a serum concentration
exceeding 1000 pg/L, which was higher than the
positive rate of serum AFP in the group of same
patients.

Table 1 Comparative analysis of serum levels of SICAM-1 and
AFP in HCC patients

Group Number of patients sICAM-1(Hg/L) AFP(Mg/L)
AFP<20 pg/L 25 1271 18
AFP 20-200 pg/L 33 1456 121
AFP>200 pg/L 93 1597 26280

During the postoperative follow-up period of 6-61
months, tumor recurrencewasconfirmedin 41 patients.
Themedianlevel of sICAM-1 of the patientswas 1051
po/L and 30 (73.2%) cases had a value higher than
1000 pg/L. On the other hand, there were 25 (60%)
patients with serum AFP positive (>200 pug/L). In 6
patients with negative AFP, tumor recurrence was not
detected by liver image until their serum levels of
sICAM-1 had exceeded 2-4 times higher than before
for 1-4 months.

Immunohistochemical staining

Inal HCC samples, cancerousregionsshowed positive
membrane staining for ICAM-1 with a honeycomb
pattern (Figure2). Partsof plasmaof HCC cellsshowed
strong positive reactions. In contrast to the cancerous
areas, in noncancerous adjacent areas (Figure 3), the
expression of ICAM-1 was negative, except those
hepatocytes in severe cirrhotic areas. Normal liver
tissue showed negative or very weak staining of the
vascular endothelia cellsand hepatocytsfor ICAM-1
(Figure4).

RT-PCR detection of ICAM-1

ICAM-1 mRNA in HCC tissues was detected by RT-
PCR anaysis(Figure5). Theresult showed that freshly
aspirated liver tissues expressed the gene coding for
|CAM-1 because RT-PCR generated aDNA fragment
corresponding to the predicted length, 943bp, of the
|CAM-1 amplification product. In each tissue sample,
all GAPDH amplification products were of 240bp
length. The results revealed that the expression of
ICAM-1 was stronger in the carcinomatous tissues of
28/43 cases (65.1%) than that in the paracacinomatous
tissuesof 13/43(30.2%) cases. Thirty-two of 43 caseshad
thelevelsof SICAM-1>1000 pg/L.
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Figure 2 Immunohistochemical staining of ICAM-1 in
hepatocellular carcinoma tissue is positive on the surface of tumor
cells and in a honeycomb pattern.

Figure 3 Increased expression of ICAM-1 in paracancerous tissue
was shown with severe cirrhosis by immunohistochemical staining.
Figure 4 ICAM-1 expression was negative in normal liver tissue
by immunohistochemical staining (AEC method).

Figure 5 RT-PCR product gel electrophoresis. Three iL RT-PCR
products of ICAM-1 and GAPDH run on 1.5% agarose gel
stained with EB. Lane 1 and Lane 4: the control for ICAM-1 and
GAPDH. Lane 2 and 5: paracarcinomatous tissue for ICAM-1 and
GAPDH. Lane and 6: HCC tissues for ICAM-1 and GAPDH.
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The clinicopathological analysisof ICAM-1
MRNA and HCC isshown in Table 2. In the patients
with serum levels of sICAM-1 above 1000 ug/L, the
expression rates of ICAM-1 mRNA in HCC and
adjacent tissueswere 75.0% and 34.4%, respectively
(P<0.01), however, ingroupwithsICAM-1lower than
1000 pg/L, the expression rate in those tissues were
36.4% and 18.2%, respectively (P>0.05). It isnoticed
that the expression rate of ICAM-1 mMRNA was
related to the severity of liver cirrhosis and
intrahepatic metastasis of tumor. However, the
expression rates of ICAM-1 mRNA were not
correlated with the serum levels of AFP,
differentiation of tumor and tumor sizes.

Table 2 Clinicopathological analysis of ICAM-1 mRNA and
HCC %(n)

Clinical data Cases Positive tumor  Positive paratumor
ICAM-1 mRNA ICAM-1 mRNA
Serum AFP>400 pg/L 25 68.0 (17/25) 32.0(8/25)
Serum AFP<400 pg/L 18 61.1(11/18) 27.8(5/18)
SICAM-1>1000 pg/L? 32 75.0(25/32) 34.4(11/32)
<1000 pg/L 1 36.4(3/11) 18.2( 2/11)
Severe cirrhosis® Yes 30 80.0(24/30) 36.7(11/30)
No 13 30.8(4/13) 15.4( 2/13)
Differentiation High 15 66.7(10/15) 33.3(4/15)
Low 28 64.3(18/28) 32.1(9/28)
Tumor size >5cm 31 66.7(8/12) 25.0(3/12)
<5cm 12 64.5(20/31) 32.3(10/31)
Intrahepatic metastasis® Yes 15 86.7(13/15) 40.0( 6/15)
No 28 46.4 (13/28) 25.0(7/28)

3P<0.01; PP<0.05.

DISCUSSION

HCCisoneof themalignancies, whichinflictsChinese
population severely. The prognosis of the diseaseis
still dismal dueto adelayed diagnosis, low resected
rate and high recurrencerate of thetumor. Thusearly
diagnosis and effective postoperative monitoring are
important to improve the surgical effectiveness for
HCCM 1, The present study further confirmed our
previous observations and other reports, in which
elevated serum sICAM-1 wasfound in HCC, which
was significantly higher thanin benign liver diseases
and the normal controls (Figure 1). As described by
Shimizu et al®?, asiCAM-1level above 1000 pg/L is
adeterminant for prognosisand progression of HCC.
Inour 151 patientswith HCC, 129 (85.4%) caseshad
a high serum concentration of ICAM-1 above 1000
ug/L, which suggested that the positivity of SSCAM-1
was higher than that of serum AFP. Although the
serum levels of AFP in the HCC patients were
different (Table 1), the SsICAM-1 levelsin the same
group of patientsshowed no significant differences,
particularly in cases with low levels of or negative
AFP, indicating that measurement of sSICAM-1
might be of diagnostic value for HCC.

Another interesting finding from our study isthat
in patientswith AFP negative or questionable positive,
siICAM-1isamore sensitive serum diagnostic marker
than AFP and other procedures, including BUS, CT,
etc. In 41 patients with tumor recurrence detected
during the postoperativefollow-up, 73.2% patientshad
ahigh level of SSCAM-1 above 1000 pg/L, however,
theproportion of positive serum AFPinthe same cases
was only 60%. Moreover, in 6 of the 41 patients with
negative AFP, tumor recurrence was diagnosed 1-4
months earlier by sSICAM-1 than by liver image
examination. We believe that sSICAM-1isnot only a
useful marker for predicting the progression and
prognosis of the disease, but also a sensitive marker
for diagnosing and monitoring HCC and itsrecurrence,
especialy for patientswith low serum concentrations
of AFP when the serum level of SICAM-1 was
above 1000 pg/L 3%,

As mentioned above, our clinical observations
strongly supported that S—iICAM-1 might be of
diagnostic value for HCC. However, it is unknown
what isthe main source of high level of SSCAM-1in
HCC: HCC- specific ICAM-1 shedding from
mblCAM-1 or inflammation-associated |ICAM-1%81,
Todistinguishthetwo formsof ICAM-1istheultimate
goal of thestudy inthisfield®. Clinically, we have
got the evidencethat SICAM-1is derived fromHCC
tumor cells, becausewefound in non-radical resected
patients, the sICAM-1 concentrations maintained at
ahigh level after the operation compared with those
who underwent aradical resection of tumors, whose
sICAM-1 levels would be decreased to the normal
within 1-2 monthspostoperatively. Thissuggested that
circulating sICAM-1in HCC may originate mainly
from tumor cell itsel fi3637,

To verify our clinica findingsthat SsICAM-1is
mainly derived from the HCC cells, we investigated
the expression of ICAM-1in HCC and its adjacent
tissues with immunohistochemistry. The results
showed that ICAM-1 expressed strongly in all
specimens of HCC, but did not express in
noncancerous regions, which reflected such a fact
that highserumsl CAM-1level sof HCC patientsmight
be attributable to tumor cells and a malignant
transformation of hepatocytes. Our inference was
supported by other authors!?4304344  Torri and
Momosaky reported ahigh expression rate of ICAM-1
inHCC (80%-96%). Althoughthreepossiblemechanisms
for the expression of ICAM-1 were considered, Torri et
al hold that malignant transformation of liver cells
appeared to be the most important mechanism for the
ICAM-1expressionin HCC. Thusthey concluded that
examination of ICAM-1 might yield significant
information ontheprocessof malignant transformation
of hepatocytes'“*, In the nude mouse liver cancer
metastasis model, Sun JJ et al demostrated that
tissue ICAM-1 and slCAM-1 could indicatethe stage



124 ISSN 1007 - 9327 CN 14 - 1219/R

World ] Gastroentero

February 2001 Volume 7 Number 1

of HCC, potentia of hepatoma cellsfor invasion and
metastasis®. Inaddition, invitro study by Momosaky
et al showed that HCC cell itself markedly secreted
solubleICAM-1 into the culture supernantant in tumor
cell lines*l. On the other hand, no soluble ICAM-1
was shed from normal mouse hepatocytes regardless
of the presence or absence of cytokine stimuli*,
According to the observations from the present and
other studiesmentioned above, wethink that highlevels
of SICAM-1in HCC patients might be rel eased mostly
from the tumor cells.

After theclinica andimmunohistochemica studies,
we have recently investigated the correl ation between
serum levelsof SICAM-1 and expression of itsmRNA
in HCC tissues. The results (Table 2) suggested that
hepatocytes transformation may be the essential cause
for strong expression of ICAM-1 mRNA, as in
carcinomatousti ssuesof the43 patients, the positiverate
of expressionwas65.1% (28/43). However, that in non-
carcinomatoustissueswasonly 30% (13/43), whichwas
quite different from the HCC tissues (P<0.01), and in
normal liver tissues expression of ICAM-1 mRNA did
not exist. Furthermore, the same correlation between
the expression of ICAM-1 mRNA and the serum
concentrations of SICAM-1 was observed. In patients
with serum levels of sSICAM-1 above 1000 pg/L, the
expression rates of ICAM-1 mRNA in HCC and
adjacent tissues were 75% and 34.4%, respectively,
however, ingroupwithsICAM-1lower than 1000 ug/L,
theexpressionrateswere 36.4% and 18.2% respectively,
whichindicated that the expression of ICAM-1 protein
was controlled by its correlative gene at the level of
transcriptionregulation.

The expression rate of ICAM-1 mRNA was aso
related to the severity of liver cirrhosis and
intrahepatic metastasis of tumor. Particularly in the
later circumstances, the expression rate was much
higher in metastatic patients (86.7%) than those
without metastasis (53.6%), which suggested that
the expression of ICAM-1 mRNA may play an
important roleintumor intraand extrahepatic spread.
These results were identical to our clinical
observations, in which the proportion of sSICAM-1
level >1000 pg/L was higher than that of AFP (73.
2% vs 60%) and sICAM-1 level was more sensitive
than liver image examinations in indicating tumor
recurrence.

Based on our studies on expressions of ICAM-1
and its mRNA in serum and tissues of HCC, we
concluded that: (U Serum levels of SICAM-1 in
HCC were significantly higher than that in benign
liver diseases and normal controls, whichindicated
that it isuseful to measure sICAM-1to differentiate
HCC from other benign lesions when the level of
SICAM-1 is higher than 1000 pg/L. @ The high
expression level of sICAM-1 might result from the
strong expression of ICAM-1in HCC tissue, which

wascontrolled by itsrelated gene. Thesourceof sICAM-
1inHCC wasoriginated mainly from HCC célls. 3 In
HCC with intrahepatic metastasis, the expression of
ICAM-1mRNA wassgnificantly high, which suggested
that detectingsl CAM-1isof important va uein predicting
tumor recurrence after surgery. @ With understanding
of the mechanism of ICAM-1 expression and its
origination, we believe that measurement of SICAM-1
may be of diagnostic value for HCC, particularly in
patientswith low levels of serum AFP.
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