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Abstract

AIM  To study the phase cancer tissue intercellular
adhesion molecule-1 (ICAM-1) expression of
human cancer metastasis model in nude mice,
and to analyze the relationship between ICAM-1
expression and the metastasis and recurrence
of hepatocellular cancinoma (HCC).
METHODS  HCC tissues from liver cancer
metastasis model in nude mice (LCI-D20) was
orthotopically implanted, and ICAM-1 expression in
HCC tissues at different growing time were detected
by immunodot blot. Tumor size, intrahepatic and
extrahepatic metastasis foci were observed by
naked eyes and under light microscope.
RESULTS  ICAM-1 was positively correlated to the
tumor growing time (r = 0.88, P<0.01) and tumor
size r = 0.5, P<0.05). It was higher in metastatic
HCC than in nonmetastatic HCC (8.24±0.95 vs
3.03±0.51, P<0.01). ICAM-1 content in cancer tissues
increased suddenly after metastasis occurred and then
maintained in a high level. ICAM-1 was also higher in
multimetastasis group than in monometastasis group
(10.05±1.17 vs 5.48±0.49, P<0.05).
CONCLUSION  Tissue ICAM-1 could predict not
only the metastasis of human liver cancer
metastasis model in nude mice early and
sensitively, but also the metastasis degree. So
tissue ICAM-1 may be a potential index indicating
the status of metastasis of HCC patients.

INTRODUCTION
Although many methods  had been used to
prohibit posthepatectomic metastasis of liver
cancer in clinic, but the 5-year postoperative
metastasis rate was still up to 61.9% in general,
and 45.3% in small  HCC [1].  Metastasis  and
recurrence have become the main obstacle in
HCC patients to gain better outcome and longer
survival.  Up to now we can not diagnose or
predict it before the formation of metastasis
node. In the pervious studies, we found ICAM-
1 was related to liver cancer and its metastasis,
and tissue and serum ICAM-1 could predict the
status of HCC metastasis [2,3].  I t  was unclear
whether the ICAM-1 could reflect the HCC
metas tas is  ear ly  and sensi t ively ,  and how
ICAM-1 changed during the HCC growing
time. So in this experiment, we observed the
phase tissue ICAM-1 expression of human liver
cancer high metastasis model in nude mice
(LCI-D20) at different time period from tumor
implantation to metastasis and telophase.

MATERIALS AND METHODS
Reagents
Monoclonal antibody of ICAM-1 (1g/L) was
purchased fromR & D Company, Britain. AKP-
rabbit-anti-mouse IgG was from Sino-Amercan
Company, China. NC membrane, NBT and BCIP
were bought from Sigma Company.

Mice
BALB/cA male nude mice (Shanghai Institute of
Materia Medica, Chinese Academy of Sciences,
China) aged 4 to 6 weeks and the nude mice model
of human hepatocellular carcinoma with high
metastatic potential (LCI-D20)[4], which were
established in our institute in 1996, were used in
this study.

Animal model
Tumor block of LCI-D20 nude mice human liver
cancer metastasis model was implanted into the left
lobe of the nude mouse liver according to the routine
procedure in our laboratories. Briefly, a left upper
abdominal transverse incision was made under
anaesthesia; the left lobe of the liver was exposed
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and a part of the liver surface were mechanically
injured with scissors. Then, a tumor block of 0.
2cm×0.2cm×0.2cm was fixed within the liver
tissue. After operation, mice were kept in laminar-
flow cabinets under specific-pathogen-free
conditions.
          Mice were killed at day 7, 10, 13, 16, 19, 21, 25,
32 and 35 postimplantation, and tumor size,
intrahepatic, lung, intra-abdominal metastasis nodes
were found. The tumors were resected and frozen,
and then stored at -70  for further use. The residual
liver and lung were also resected and processed for
routine gross and finding metastasis node under
microscope.

Immuno-dot blot
Three hundredmg tissue was homogenized in
1.5ml suspending buffer (0.1mol/L NaCl,0.
01mol/L Tris.Cl, pH 7.6, 0.001mol/L EDTA pH
8 . 9 ,  1 %  T x i t o n - X 1 0 0 ) ,  t h e  p r o t e i n
concent ra t ion  was  de te rmined  by  Har t ree
method[5]. Thirty µl supernatant or 50 µl serum
was applied onto the nitrocellulose membrane
in a dot blot format, and physiological saline
w a s  u s e d  a s  c o n t r o l .  A f t e r  n o n - s p e c i f i c
blocking with 5% lipid-free milk, the blots were
incubated with ICAM-1 antibody (1:500) at
r o o m  t e m p e r a t u r e  f o r  2  h ,  f o l l o w e d  b y
incubation with AKP-conjugated rabbit-anti-
m o u s e - I g G  ( 1 : 2 0 0 )  f o r  2  h  a t  r o o m
temperature, then stained with NBT/BCIP (2:
1v/v). The integrated optical density (IOD) of
e a c h  b l o t  w a s  m e a s u r e d  b y  M I A S - 3 0 0
automatic image analyzer. Tissue ICAM-1 =
[sample IOD-background IOD] ×sample area/
µg protein concentration/1 000.

Data analysis
Student’s t test and linear correlation analysis were used
statistically.

RESULTS
At the 7 th day postimplantation, tumors were
too small ,  only 0.2-0.3 in diameter,  to take
sample for ICAM-1 detection. At the 10th and
13 th day, tumor in only one mouse was big
enough for ICAM-1 detection. No metastasis
node was found before the 19 th day. At the
19 th day, metastasis nodes were found in 2
of the 3 killed mice, 1 with metastasis node in
lung under optical microscope, 1 mouse with
v i s i b l e  m e t a s t a s i s  n o d e  i n  i l i a c  f o s s a
lymphnode. Later, metastasis nodes increased,
which could be found in liver, lung, iliac fossa,
inferior kidney, pelvic cavity, lymphnode of
mesentery, para-aorta retroperitoneum, and at last
bloody ascites.

Tissue ICAM-1 at different tumor growing time
(Table 1)

Table 1  Tissue ICAM-1 expression at different tumor growing
time

Tumor growing time (day)  Cases              ICAM-1 (x±s)

       10 1 2.71±0.00
       13 1 2.78±0.00
       16 3 2.53±0.53
       19 3 5.30±0.81
       22 3 7.77±1.21
       32 4 8.69±2.01
       36 2 6.57±1.95

        Tissue ICAM-1 was highly correlated to tumor
growing time, the correlation coefficient(γ) was 0.
88(P<0.01). The time course of tissue ICAM-1
indicated that there was a plateau stage at day 10,
13 and 16 after implantation, then suddenly reached
a higher level at day 19, meanwhile the metastatic
node were discovered in lung and iliac fossa
lymphnode. At this time ICAM-1 expression was
nearly two times higher than that before day 19.
Thereafter ICAM-1 expression in HCC continued
and maintained in a high level until day 36. It became
lower at day 36, probably because at this terminal
HCC some necroses occurred inside the tumor. It
was suggested that tissue ICAM-1 expression could
act as an indicator of liver cancer metastasis in LCI-
D20 model.

Tissue ICAM-1 expression and tumor size

Figure 1  ICAM-1 content in liver cancer tissue of different tumor sizes.

         According to Figure 1, ICAM-1 increased as the
tumor were growing larger. Statistical analysis
revealed that ICAM-1 content in tissue was
correlated to tumor size (γ = 0.5, P<0.05). This
suggested that tissue ICAM-1 could reflect the
growing status of liver cancer.
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Tissue ICAM-1 and tumor metastasis
Tissue ICAM-1 was significantly different between
before metastasis (3.03±0.51) and after metastasis
(8.24±0.95, P<0.01), and between monosite
metastasis (5.48±0.49) and multisite metastasis (10.
05±1.17, P<0.05). These data indicated that ICAM-
1 might reflect not only the status but also the degree
of the metastasis of LDI-20D liver cancer metastasis
model.

DISCUSSION
The process of tumor metastasis is very complex,
including the tumor cell dissociating from the primary
locus, invading across the surrounding tissue, entering
and extravasation from the circulation, and growing in
distant organs[6]. Tumor angiogenesis, matrix degradation,
cell adhesive molecule, oncogene, signal transduction,
factors like IGF, ect are involved in this procedure[7].
Intercellular adhesion molecule-1 (ICAM-1), so called
CD54, is a member of the immunoglobulin superfamily
of adhesive molecule. It was found that ICAM related
to cancer and cancer metastasis. Serum SICAM-1
(soluble ICAM-1) in patients with advanced stage (II-
IV) or recurrent cervical uterine cancer increased
significantly[8].
       SICAM-1 was also related to lesion thickness,
staging, recurrence probability of melonoma[9]. In lung
cancer patients, SICAM-1 showed a significantly positive
correlation with primary tumor size, and the overall
survival of patients with low serum ICAM-1
concentration tend to be longer than that of patients with
high serum ICAM-1 concentration[10]. Renal cancer
recurrence was related to ICAM-1 expression in cancer
tissues, patients with <50% of ICAM-1 positive cell
in cancer tissues showed improved disease-free
survival after a median follow-up duration of 60 months
[11]. But no study has been found on if serum or tissue
ICAM-1 could indicate the early cancer metastasis
and recurrence sensitively up to date according to

our knowledge, neither the articles about phase change
of ICAM-1 during tumor formation to tumor metastasis
and terminal stage.
          In this experiment, we analyzed the tissue ICAM-
1 expression of LCI-D20 liver cancer metastasis model
of different time after implantation, and found that tissue
ICAM-1 expression was positively correlated to tumor
size and tumor growing time. It is interesting that ICAM-
1 content increased suddenly. It was also higher in HCC
with multimetastasis nodes than in HCC with
monometastasis node.
        With this point of view, we conclude that tissue
ICAM-1 could reflect both the metastasis of LCI-D20
human liver cancer metastasis model sensitively and the
degree of metastasis early. ICAM-1 might be an index
indicating the status of liver cancer metastasis clinically.
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