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Abstract

CD147 molecule is reported to be correlated with the
malignancy of some cancers; however, it remains unclear
whether itis involved in the progression of hepatocellular
carcinoma (HCC). Here, we investigated the function

of HAb18G/CD147, a member of CD147 family, and its
antibodies, HAb18 and LICARTIN, in HCC invasion and
metastasis. We observed that HAb18G/CD147 gene
silence in HCC cells significantly decreased the secretion
of matrix metalloproteinase (MMP) and the invasive
potential of HCC cells (P < 0.001). MMP silence in HCC
cells also significantly suppressed the invasion of the
cells when cocultured with fibroblasts; however, its
inhibitory effect was significantly weaker than that of
both HAb18G/CD147 silence in HCC cells and that of
MMP silence in fibroblasts (P < 0.001). Blocking the
HAb18G/CD147 molecule on HCC cells with HAb18
monoclonal antibody resulted in a similar suppressive
effect on MMP secretion and cell invasion, but with

no significant effects on the cell growth. '3'I-labeled
HAb18 F(ab’), (LICARTIN), however, significantly
inhibited the in vitro growth of HCC cells (P < 0.001).

In an orthotopic model of HCC in nude mice, HAb18

and LICARTIN treatment effectively reduced the tumor
growth and metastasis as well as the expression of
three major factors in the HCC microenviroment

(MMPs, vascular endothelial growth factor, and fibroblast
surface protein) in the paracancer tissues. Overall,
these results suggest that HAb18G/CD147 plays an
important role in HCC invasion and metastasis mainly
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via modulating fibroblasts, as well as HCC cells
themselves to disrupt the HCC microenviroment.
LICARTIN can be used as a drug targeting to HAb18G/
CD147 in antimetastasis and recurrence therapy of HCC.
(Mol Cancer Res 2007;5(6):605—-14)

Introduction

Tissue invasion and metastasis are important characteristics
of malignant tumors, which always lead to tumor-associated
death. Tumor metastasis depends on the properties of tumor
cells and tumoral microenvironment that consists of stromal
cells, extracellular matrix proteins, and other soluble factors
such as cytokines (1). The interactions between tumor cells
and tissue microenvironment are dynamic. Disruption of a
single component in the tissue microenvironment may cause
dramatic changes in the whole microenvironment and render
the tissue susceptible to tumor invasion. Degradation and
remodeling of extracellular matrix (the immediate pericellular
environment of the cell) are necessary steps in local invasion
(2). A major family of enzymes degrading extracellular matrix
is matrix metalloproteinases (MMP). MMPs are secreted or
membrane-anchored Zn”>*-dependent endopeptidases, which
are capable of disrupting the basement membrane and
cleaving the extracellular matrix components (3). A high
level of MMPs is frequently found at the tumor-stroma
interface, most of which is expressed by stromal cells rather
than by tumor cells (4). In many tumors, MMP expression is
mainly regulated by tumor-stroma interactions via tumor cell—
associated extracellular MMP inducer (Emmprin, CD147), a
highly glycosylated cell surface transmembrane protein that
belongs to the immunoglobulin superfamily (5). CD147 is a
cellular adhesion molecule involved in cell-cell and cell-
extracellular matrix interactions. It can stimulate MMP
production but does not affect the production of tissue
inhibitor of metalloproteinases, the physiologic inhibitors for
MMPs, hence modifying the collagenolytic balance toward
MMP activation (6). CD147 expression is elevated on several
human tumors and has been correlated with the malignancy in
some cancers such as primary breast cancer and ovarian
cancer, etc. (7-12). Despite the close correlation between
CD147 expression and malignancy of some tumors, it is not
clear whether CD147 has a functional role in tumor genesis
and hepatocellular carcinoma (HCC) progression.

HCC is a highly malignant tumor characterized by rapid
progression, easy metastasis, and frequent recurrence. We
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previously developed an anti-HCC monoclonal antibody
(mAb) HADbI8 by using a cell suspension extracted from
fresh human HCC tissues to immunize BALB/c mice and to
prepare hybridoma (13-15). Its antigen, HAbI18G, was
identified by screening the HCC cDNA expression library
and named HAb18G/CD147 for being homologous to CD147
(5, 16). In our previous studies, HAb18G/CD147 was found
to be highly expressed on HCC cells and tissues. It was
associated with tumor recurrence-free survival and could be
used as a significant independent predictor of poor survival in
HCC patients after tumor resection (17). For the HCC patients
who received liver transplantation, CD147 was also found to
be a significant predictor of tumor recurrence combined with
the expression of CD34, a marker of microvessel density, and
the expression of MMP-2 and MMP-9 in stromal compart-
ment (18). The expression of tumor vascular endothelial
growth factor (VEGF) was also positively correlated with that
of CD147 (17). These findings suggest that CD147 may be
involved in the tumor growth, invasion, and angiogenesis in
HCC. HAb18 mAb, the HAb18G/CD147—specific antibody,
and its bivalent fragment HAb18 F(ab’), (Metuximab), could
bind to HCC cells with high affinity. With flow cytometry
analysis, HAb18 mAb exhibited a binding rate of 99.55% to
human hepatoma cells, and using immunohistochemistry, it
showed a positive HCC staining rate of 75% (39 of 52) with
little cross-reaction to normal tissues (14, 16, 19). We had
generated the 131]-labeled Metuximab [trade name LICARTIN;
generic name lodine ('*'I) Metuximab Injection] for in vivo
injection. The pharmacokinetic characteristics and safety of
the antibody and its radiolabeled conjugate had been
determined both in vivo and in clinic (14, 16, 19-21).
LICARTIN was approved to be a new drug for clinical
therapy of primary HCC patients by China State Food and
Drug Administration (no. S20050039) in April 2005. It has
been proved to be safe and effective in treating primary HCC
patients and can effectively prevent the recurrence of tumor
and prolong the survival of advanced HCC patients after
orthotropic liver transplantation (19, 22). In the present study,
we further investigated the function of HAb18G/CD147 and
its antibodies, HAb18 and LICARTIN, in HCC invasion and
metastasis, and evaluated HAb18G/CD147 as a possible anti-
HCC metastasis drug target.

Results
Effects of Silencing HAb18G/CD147 on HCC Cells

To investigate the role of HAb18G/CD147 in HCC invasion,
RNA interference was used to knock down the expression of
HAb18G/CD147 in two HCC cell lines, FHCC-98 (23) and
MHCC97-H (24) cells. The HAb18G/CD147—specific (si-
HAb18G) small interfering RNA (siRNA) and Silencer
negative control siRNA (snc-RNA) were tested for their ability
to specifically suppress HAb18G/CD147. Real-time quantita-
tive PCR showed that the snc-RNA was incapable of inhibiting
HAb18G/CD147 gene expression, whereas si-HAb18G could
effectively decrease the mRNA expression of HAb18G/CD147
(Fig. 1A). These results were confirmed by Western blot and
flow cytometry analyses. The protein expression of HAb18G/
CD147 was obviously decreased in si-HAb18G—transfected

cells, but not in snc-RNA —transfected cells (snc-cells) 48 h after
siRNA transfection (Fig. 1A). The flow cytometry also showed
that at 4 days after the si-HAb18G transfection, the HAb18G/
CD147 protein in HCC cells was still reduced by 44.9 =+
1.62%, whereas that in MHCC97-H cells was reduced by
40.1 £ 0.54%, respectively. These data show that si-HAb18G
treatment effectively decreased HAb18G/CD147 expression in
HCC cells.

The results of gelatin zymography showed that 48 h after
transfection, MMP secretion was significantly decreased in
FHCC-98 (Fig. 1B) and MHCC97-H cells (Fig. 2A) with an
inhibitory rate of 64.6 + 4.52% (P < 0.001) and 64.3 + 4.72%
(P < 0.001), respectively, compared with that in snc-cells. By
in vitro invasion assay, it was found that the number of cells
migrating through the filter was significantly decreased in the
transfected FHCC-98 (Fig. 1D) and MHCC97-H cells (Fig. 2B)
with an inhibitory rate of 80.1 £ 3.09% (P < 0.001) and 66.3 +
4.51% (P < 0.001), respectively, compared with that of snc-
cells, demonstrating a potential relationship between the
decreased MMP secretion and the invasive capability of HCC
cells.

To mimic in vivo tumor-stroma interaction in local
microenvironment, HCC cells were cocultured with human
fibroblasts and exhibited an enhanced invasive ability, with
the trans-filter cell number 3.84 + 0.67 times (FHCC-98) and
2.62 £+ 0.51 times (MHCC97-H) higher than that when cultured
alone (Figs. 1D and 2B). After silencing HAb18G/CD147
expression, the secretion of MMPs (MMP-2 and MMP-9) and
the number of trans-filter cells in the coculture of FHCC-98
and fibroblasts were decreased by 59.0 £ 1.70% (P < 0.001)
and 83.34 = 0.83% (P < 0.001), respectively (Fig. 1B and D),
whereas those in the coculture of MHCC97-H and fibroblasts
were decreased by 62.5 £ 0.23% (P = 0.001) and 76.6 %
1.68% (P = 0.001), respectively (Fig. 2A and B). These results
suggest that down-regulation of HAb18G/CD147 expression
may attenuate the invasive capability of HCC cells possibly by
inhibiting MMP production.

To further confirm the above inference, the effects of MMP-
2 and MMP-9 gene cosilence on invasion were examined in
four groups of coculture cells to determine whether MMPs
produced by HCC cells or by fibroblasts play a more important
role in invasion. The four groups were group 1 snc-HCC cells
cocultured with snc-fibroblasts (negative control cells), group 2
si-MMP2/9-HCC cells cocultured with snc-fibroblasts, group 3
snc-HCC cells cocultured with si-MMP2/9 fibroblasts, and
group 4 si-MMP2/9-HCC cells cocultured with si-MMP2/9
fibroblasts. The in vitro invasion assay showed that cells
migrating through the filter in all the latter three groups (groups
2, 3, and 4) were significantly decreased compared with those
in group 1 (P <0.001 for each; Fig. 3A). However, significant
differences were also found between any two groups of the
latter three groups (P < 0.001 for each two groups, but
P = 0.004 for groups 3 and 4 of MHCC97-H cells). The
inhibitory effect on invasion in group 2 (FHCC-98, 20.2 +
2.50%; MHCC97-H, 29.3 + 1.94%) was significantly weaker
than that both in group 3 (FHCC-98, 54.9 + 1.94%, P <0.001;
MHCC97-H, 62.8 + 5.69%, P <0.001) and in group 4 (FHCC-
98, 84.7 £ 2.24%, P < 0.001; MHCC97-H, 76.6 = 5.85%,
P < 0.001). The inhibitory effects on MMP secretion showed
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a similar trend by gelatin zymography (P < 0.001, Fig. 3B).
Compared with the silence of HAb18G/CD147 in HCC cells,
the silence of MMPs in HCC cells (group 2) exhibited a
significant weaker suppression of MMP secretion (P < 0.001)
and cell invasion (P < 0.001) in the coculture. These results
suggest that HAb18G/CD147 regulates HCC cell invasion via
the modulation of MMP production and the modulation of
fibroblasts plays a more important role.

Effects of Blocking HAb18G/CD147 by lIts Antibody on
HCC Cells

The competitive binding test was done to determine the
blocking efficiency of HAb18 mAb on HAbI18G/CD147 in
HCC cells. RPE-labeled anti-CD147 antibody presented a gated
positive binding rate of 96.12 + 2.18% to FHCC-98 and 95.65
+ 2.70% to MHCC97-H cells. However, after HCC cells were
incubated with HAb18 mAb, RPE-labeled anti-CD147 anti-
body presented only a rate of 1.24 + 0.46% to FHCC-98 and
1.29 + 0.37% to MHCC97-H cells, which were close to those
of the blank control cells (0.59 + 0.36% and 0.76 + 0.34%;
Figs. 1C and 2C). These results suggest that HAb18 mAb
effectively bind to and block HAb18G/CD147 molecule on
HCC cells with a relatively high affinity.

We then determined the effects of blocking HAb18G/CD147
by HAb18 mAb on HCC cells. As shown in Fig. 1B and D,
HAb18 mAb treatment of FHCC-98 cells cultured alone or
cocultured with fibroblasts decreased MMP secretion by 59.9 +
3.87% (P < 0.001) or 63.1 £ 3.54% (P < 0.001) and the trans-
filter cell number by 82.6 =+ 2.92% (P < 0.001) or 86.0 *
1.55% (P < 0.001), respectively, compared with those in
negative control cells treated with an unrelated control mAb,
anti-Japanese encephalitis virus mAb (anti-JEV mAb). Similar
results were obtained in MHCC97-H cells. After HAb18 mAb
treatment of the cells cultured alone or cocultured with
fibroblasts, the MMP secretion was decreased by 71.0 +
8.08% (P < 0.001) or 67.7 £ 2.75% (P < 0.001), respectively,
and the trans-filter cell number was decreased by 69.0 & 3.73%
(P < 0.001) or 78.0 £ 1.42% (P = 0.001), respectively,
compared with those in negative control cells (Fig. 2A and B).
These results show that anti-HAbI18G/CD147 mAbD treatment
decreases HCC invasion and MMP secretion.

Effects of HAb18 mAb and LICARTIN on HCC Cell
Growth

To determine whether the antibody treatment affected the
growth of HCC cells, we treated the cells with anti-JEV mAb
(negative control), HAb18 mAb, 131I, and LICARTIN,
respectively, and counted the live cell number at different time
points. Results showed that negative control mAb did not
influence the cell growth (FHCC-98, P = 0.863; MHCC97-H,
P = 0.928) compared with blank control. HAb18 mAb
treatment slightly but not significantly inhibited the cell growth
(FHCC-98, P = 0.202; MHCC97-H, P = 0.273), compared
with the negative control, whereas "*'I and LICARTIN treat-
ments exerted significant inhibitory effects on the cell growth
(FHCC-98, P131i0dine = 0.049, PricarTin < 0.001; MHCC97-H,
P 131i0dine = 0.004, Pricartiv < 0.001; Fig. 4). For FHCC-98
cells, the doubling time calculated was 25.73 &+ 0.16 h of the
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blank control and 26.01 £ 0.60 h, 26.89 + 0.55 h, 27.52 +
0.35 h, and 29.26 + 0.41 h, respectively, of the negative control
mAb—, HAb18 mAb—, '*'I-, and LICARTIN-treated cells. For
MHCC97-H cells, the doubling time was 30.82 %+ 0.53 h of the
blank control and was 30.55 + 0.48 h, 31.52 + 1.00 h, 33.66 +
0.78 h, and 40.41 + 1.54 h, respectively, of the negative control
mAb—, HAb18 mAb—, "*'I-, and LICARTIN-treated cells. The
findings that HAb18 mAb treatment had no significant effect on
the growth of HCC cells and LICARTIN treatment exhibited
the most obvious effects on the doubling time indicate that the
influence of 1-h LICARTIN treatment on the cell growth may
be due to the killing effects of '*'I, which is maintained on the
cell surface via the specific recognition and binding of the
conjugated antibody to HAb18G/CD147 on HCC cells.

Inhibitory Effects of HAb18 mAb and LICARTIN on HCC
in an Animal Model

To investigate whether HAb18 mAb and LICARTIN have
the in vivo anti-HCC growth and metastasis potential, we used
an orthotopic model of HCC in nude mice. Animals were
randomized to receive negative control mAb, HAb18 mAb,
low-dose or high-dose of LICARTIN, or 0.9% NaCl solution.
One month posttreatment, no significant difference in the body
weight of mice was found among the five groups (P = 0.477).
The tumor-related adverse effects, such as pachylosis, anorexia,
and depression, appeared obviously earlier in the control groups
than those in the treatment groups. The anorexia was observed
in the LICARTIN treatment groups, but soon disappeared after
the treatment was completed. No death occurred in any of the
five groups during the observation period.

All the mice were sacrificed 1 month postimplantation and
the implanted tumors from each mouse were removed and
measured for tumor size. Significant differences of tumor size
were found among the five groups (P < 0.001). There was no
significant difference between the blank control and negative
control group (P = 0.343), whereas the tumor growth was
significantly inhibited in HAb18 mAb—, low-dose and high-
dose LICARTIN treatment groups with an inhibitory rate of
34.34% (P < 0.001), 60.01% (P < 0.001), and 82.31% (P <
0.001), respectively, compared with that in the negative control
group. High-dose LICARTIN exhibited the strongest inhibitory
effect (Fig. SA and B). According to Chinese Pharmacopeia
Instruction for New Drug Development, an antitumor drug is
considered to be effective when its inhibitory rate of tumor
growth is above 30%. By this standard, HAbI8 mAb and
LICARTIN are effective antitumor agents in the animal model.

We also analyzed the effects of these treatments on HCC
metastasis. The metastases in all the mice were counted and
verified by H&E staining (Fig. 5C). Single or fused small
metastases were found only in the liver, whereas no metastases
were found in other examined organs of all mice with
metastasis. In the treatment group, large necrosis in the local
tumor was found and cell debris and inflammatory cell
infiltration could be seen in the necrosis tissues. No pathologic
changes were seen in the main organs and paracancer liver (data
not shown). Metastasis was observed in all mice of the two
control groups, but only in three (33.33%), one (16.67%), and
zero mice, respectively, in HAb18 mAb, low-dose LICARTIN
group, and high-dose LICARTIN group. Significant differences
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of tumor metastasis were found among the five groups (P <
0.001). There was no significant difference between the blank
control and negative control group (P = 0.578), whereas the
metastasis was significantly suppressed in HAb18 mAb (P =
0.003), low-dose LICARTIN treatment group (P = 0.001), and
high-dose LICARTIN treatment group (P = 0.001), respective-
ly, compared with that in the negative control group. High-dose
LICARTIN exhibited the strongest inhibitory effect on HCC
metastasis in this model (Table 1).

When examined by immunohistochemistry, HAb18G/
CD147 was found to be highly expressed in the implanted
tumors and in the metastases (Fig. 5C). To investigate the
effects of anti-HAb18G/CD147 mAb treatments on HCC
microenvironments, we determined fibroblast distribution,
MMP-2, and VEGF expression in liver. The fibroblast surface
protein (FSP) was used to trace fibroblast distribution. By
image gray scale analysis, the staining intensity of FSP in the
treatment groups was significantly weaker than that in the two
control groups (P < 0.001 for both; Fig. 5C and D), suggesting
a decreased FSP expression or paracancer fibroblasts after
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FIGURE 1. Silencing or block-
ing HAb18G/CD147 in FHCC-98
cells inhibited the cellular secre-
tion of MMPs and the invasive
potential. A. Forty-eight hours after
si-HAb18G or snc-RNA trans-
fection of FHCC-98 or MHCC97-H
cells, HAb18G/CD147 expression
levels were examined by real-time
quantitative PCR, Western blot,
and flow cytometric analysis (solid
black columns, negative control;
gray columns, transfected with
si-HAb18G; black columns, trans-
fected with snc-RNA; solid gray
columns, blank control). B. Gela-
tin zymography analysis of MMP
secretion in FHCC-98 cells cul-
tured alone (FHCC-98) or cocul-
tured with fibroblasts (Coculture).
Top, representative image; bot-
tom, the gray scale analysis of at
least three independent experi-
ments. Columns, mean; bars, SD.
C. The competitive binding of
HAb18 mAb to HAb18G/CD147
on FHCC-98 cells was analyzed
by flow cytometry. D. In vitro
tumor cell invasive capability as-
say of FHCC-98 cells cultured

alone or cocultured with fibro-
blasts. Left, representative photos
showing the cell density on the
filter. Right (graph), quantitative
analyses for the cells migrating
through the filter in three indepen-
dent experiments. Columns, mean;
bars, SD.

FHCC-98

coculture

antibody treatments. Similar results of MMP-2 and VEGF were
obtained as shown in Fig. 5C and D, indicating that anti-
HADb18G/CD147 treatments decrease the expression of MMP-2
and VEGF in HCC microenvironment, which is possibly
related to the decreased fibroblasts around the tumors.

Discussion

Our previous reports suggested that HAb18G/CD147 was
an HCC-associated antigen and was possibly related to HCC
invasion in vitro (25-27). In the present study, we examined
the role of HAb18G/CD147 in HCC invasion and metastasis
in vitro, and in an orthotopic model of HCC in nude mice.
Our data suggest that HAb18G/CD147 is involved in multiple
processes in HCC invasion and metastasis. Knocking down or
blocking HAb18G/CD147 in two HCC cell lines inhibits the
invasive potential of these tumor cells, which may be due to
the following mechanisms. HAb18G/CD147 could regulate
HCC invasive capability through MMP (mainly MMP-2 and
MMP-9) production. When HCC cells were cultured alone,
si-HAb18G and HADbI8 mAb decreased the autocrine
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Columns, mean; bars, SD. C. The competitive binding of HAb18 mAb to
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production of MMPs by inhibiting cellular expression of
HAb18G/CD147. When HCC cells were cocultured with
fibroblasts, a tumor-stroma interaction system mimicking
in vivo situation, HCC cells exhibited an enhanced invasive
ability, suggesting that some interactions between cancer cells
and fibroblasts can promote the tumor invasion. Down-
regulating or blocking tumor cell HAb18G/CD147 signifi-
cantly decreased this invasive potential of HCC cells and also
significantly attenuated the MMP production. MMP-2 and
MMP-9 were previously reported to be involved in human
hepatic tumorigenesis and metastasis (28). In this study, MMP
(MMP-2 and MMP-9) gene silence in HCC cells also
significantly inhibited the invasion in the coculture system,
but its inhibitory effects were significantly weaker than not
only HAb18G/CD147 silence in HCC cells but also MMP
silence in fibroblasts. These results suggest that HAb18G/
CD147 plays a role in HCC invasion via regulation of MMP
production by both tumor cells and surrounding fibroblasts,
thus influencing the balance of tumor microenvironment, and
the modulation of that by fibroblasts was more critical in the
process. Our previous study also showed that HAb18G/
CDI147 was involved in tumor metastasis and invasion as
a signal transduction molecule by regulating Ca®" inflow
(25, 27). All these findings show that HAb18G/CD147 may
play some important roles in HCC progression, including
adhesion, migration, and enzymes degradation.

HAb18G/CD147 in in vivo study also was found to play a
critical role in HCC invasion and metastasis. Treatment of HCC
tumor-bearing mice with anti-HAb18G/CD147 antibodies
significantly decreased tumor metastasis, which may be to the
results of the decreased host fibroblasts around HCC tissues and
the expression of MMP-2 and VEGF in the paracancer tissues.
Tumor-associated fibroblasts are known as the major effector
population in stroma interacting with CD147 on tumor cells.
The tumor-associated fibroblast-tumor cell interaction promotes
the secretion of MMPs and some active cytokines, leading to
tumor proliferation and metastasis. However, the mechanism by
which CD147 interacts with tumor-associated fibroblasts in
modulating MMP production remains unclear. It may be
mediated by reducing either cellular MMP secretion or/and
the number of fibroblasts. Our in vitro coculture data of gelatin
zymography suggest a reduced cellular MMP secretion and the
in vivo data of immunohistochemistry suggest a reduced
number of fibroblasts, which may result from the inhibited
proliferation or chemotaxis of fibroblasts.

The anti-HAb18G/CD147 antibody treatment also achieved a
significant suppressive effect on HCC growth in vivo. However,
in vitro, no significant inhibitory effects of HAb18 mAb were
found on HCC cell doubling time, which was consistent with
Chung’s report (29) that down-regulating CD147 expression on
breast cancer cells had little effect on the viability of the cells
cultured in an anchorage-dependent growth model. Taken
together with the in vivo inhibitory effects of HAb18 mAb on
MMPs and VEGF expression in paracancer tissues, the
significantly suppressive efficacy of HAb18 mAb treatment on
HCC growth in vivo can be partially attributed to the regulation
of MMP production in tumor microenvironment by HAb18G/
CD147, as MMPs are considered to contribute to the tumor
growth in vivo (30). The significant inhibitory effects of
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LICARTIN on HCC cell growth in vitro can be attributed to the
killing effects of '*'I, which is maintained on the cell surface due
to the specific recognition and binding of the conjugated
antibody. In vivo, LICARTIN presented stronger efficacy of
growth suppression than HAb18 mAb. This efficacy may come
from both the function of HAb18G/CD147 molecule and the
killing effect of radionuclide.

Tumor progression is a multistep process. Many factors
involved in this process can be used as potential targets for
tumor therapy. MMPs are believed to be one of such targets
and some researches on MMP inhibitors have been conducted.
Although some promising results using MMP inhibitors to
suppress tumor invasion have been reported, MMP inhibitors
are not effective in treating patients with advanced cancer in
most cases (31-33). According to Hess et al. (34) and Chen
et al. (35) this failure can be explained by the findings that
some MMPs may play a role in early stages of cancer and that
metastatic cascade is already fully played out before MMP
inhibition has a chance to take effect. However, as this study
indicates that HAb18G/CD147 can regulate MMP production,
blocking HAb18G/CD147 on HCC cells can suppress the
metastatic cascade at the upstream of MMPs in HCC
microenvironment and can be a new strategy for the
molecularly targeted treatment of HCC.

In conclusion, our present work shows that HAb18G/CD147
play an important role in HCC invasion and metastasis mainly
via regulating fibroblasts, as well as tumor cells themselves to
disrupt the HCC microenvironment and can be a drug target for
preventing HCC metastasis. Its antibodies, especially LICAR-
TIN, can effectively inhibit HCC tumor growth and metastasis
in vivo and may be used as a promising drug for antimetastasis
and recurrence therapy of HCC.

Group 2

dent experiments. Columns, mean;

Group 3 bars, SD.

Group 4

Materials and Methods
Cell Lines

Two HCC cell lines used were FHCC-98 and MHCC97-H
cells, with highly invasive ability and positively expressing
HAb18G/CD147. FHCC-98 cell was originated from the tumor
tissues of a 39-year-old Chinese male HCC patient and
conserved in our laboratory. MHCC97-H cell was supplied by
Liver Cancer Institute of Fudan University (Shanghai, China).
Human embryo pulmonary fibroblast-1 was purchased from
Chinese Academy of Medical Sciences.

RNA Interference

si-HAb18G (5-GUUCUUCGUGAGUUCCUCHt-3', 3'-dTd-
TCAAGAAGCACUCAAGGAG-5'), si-MMP-2 (5-GGGUGC-
CUAUUACCUGAAGHt-3, 3"-ttCCCACGGAUAAUGGACU-
UC-5"), and si-MMP-9 (5-GAUGCGUGGAGAGUCGAAA(t-3,
3"-ttCUACGCACCUCUCAGCUUU-5") were synthesized by
Ambion, Inc. HCC cells were transfected with siRNA using
LipofectAMINE 2000 reagent according to the manufacturer’s
instruction (Invitrogen). Silencer negative control 1 siRNA
(Ambion) was used as negative control under similar conditions.

Real-time Quantitative PCR and Data Analysis
Forty-eight hours after siRNA transfection, the total RNA was
extracted from the cells with TRIzol reagents (Invitrogen) and
reversely transcripted into ¢cDNA with ReverTra Ace-a kit
(TOYOBO). The Tagman probes were labeled with 6-carboxy-
fluorescein (FAM) at the 5" end and 6-carboxytetramethylyhod-
amine (TAMRA) at the 3" end and hybridized to a sequence located
between the PCR primers. All primers and probes were
synthesized by Shanghai Sangon Co. as follows: HAb18G/
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FIGURE 4. Effects of HAb18 mAb, "I, and LICARTIN on HCC cell
growth. Cell growth curve of FHCC-98 (A) and MHCC97-H (B) cells
untreated (Blank) or treated with negative control mAb (Negative), HAb18
mAb, 3"l (131 iodine), and LICARTIN, respectively.

CD147, forward primer 5-TCGCGCTGCTGGGCACC-3';
reverse primer 5-TGGCGCTGTCATTCAAGGA-3';
and TagMan probe 5° FAM-CCGGGGCTGCCGGCA-
CAGTC-TAMRA-3’". pB-Actin (control): forward primer
5-CCCAGCCATGTACGTTGCTA-3"; reverse primer
5'-TCACCGGAGT-CCATCACGAT-3"; and TaqMan probe
5" FAM-CGCCTCTGGCCGTACCACTG-TAMRA-3". Real-
time quantitative PCR was preformed with MiniOpticon
system (Bio-Rad). The conditions for PCR were one cycle of
94°C for 4 min, 45 cycles of 94°C for 20 s, 58°C for 20 s, and
72°C for 20 s. All PCR reactions were done in triplicate. The
cycle threshold value (Ct) was determined as the point at which
the fluorescence exceeded a preset limit by the instrument’s
software (Opticon monitor, version 3.1). The relative expres-
sion of HAb18G/CD147 mRNA was calculated by the ACy
method (where AC is the value calculated by subtracting the
Ct value of B-actin from the Ct value of HAb18G/CD147 in
each samples). The amount of HAb18G/CD147 relative to
p-actin mRNA was expressed as 2 (A€,

Western Blot

Forty-eight hours after siRNA transfection, HCC cells were
harvested in a lysis buffer and equal amount of cellular
proteins were subjected to SDS-PAGE (10%) separation.
Proteins were transferred to polyvinylidene difluoride mem-
branes and blots were probed with HAb18 mAb (prepared in
our laboratory). Actin was chosen as internal control and the
blots were probed with mouse antiactin mAb (Chemicon
International, Inc.).

Flow Cytometry

Twenty-four, 48, 72, and 96 h after siRNA transfection,
HCC cells were harvested respectively, stained with RPE-
labeled anti-CD147 antibody (Serotec) and subjected to flow
cytometric analysis using a FACSCalibur flow cytometer
(Becton Dickinson) and CellQuest software (Becton Dick-
inson).

Gelatin Zymography

Forty-eight hours after siRNA transfection, conditioned
medium was collected and separated by 8% acrylamide gels
containing 0.1% gelatin. The gels were incubated in 2.5%
Triton X-100 solution at room temperature with gentle
agitation and then were soaked in reaction buffer [0.05 mol/L
Tris-HCI (pH 7.5), 0.2 mol/L NaCl, and 0.01 mol/L CaCl,] at
37°C overnight. After reaction, the gels were stained for
6 h and were destained for ~0.5 h. To detect the efficacy of
HADb18 mAb, 5 pg/5 phL HAb18 mAb, 5 ug/5 pL anti-JEV mAb
(mouse, IgG, kindly provided by the Department of Microor-
ganism, Fourth Military Medical University; negative control),
or free-serum medium (blank) was added to the HCC cells for
24-h incubation. Then, the conditioned medium was collected
and analyzed as described above.

In vitro Invasion Assays

The assay was done by using chambers with polycarbonate
filters (pore size, 8 um) coated on the upper side with Matrigel
(Becton Dickinson Labware). Twenty-four hours after siRNA
transfection, HCC cells were harvested and 1 x 10> transfected
cells alone or together with equal fibroblasts in 300 puL of 0.1%
serum medium were placed in the upper chamber. The snc-
RNA—transfected cells were used as negative control. The
lower chamber was filled with 0.1% fetal bovine serum medium
(200 pL) and serum-free conditioned medium from fibroblasts
(200 pL). After 24-h incubation and removal of the cells on the

Table 1. Number of Mice with Metastasis in Each Group

No. Metastasis in Blank Control, n (%) Negative Control, n (%) HADb18*, n (%) LICARTIN (Low) Ton (%) LICARTIN (High) *on (%)
Each Mouse

0 0 (0.00) 0 (0.00) 9 (75) 6 (85.71) 7 (100.0)

<50 5 (41.67) 2 (28.57) 1(8.33) 1 (14.29) 0 (0.00)

>50 7 (58.33) 5(71.43) 2 (16.67) 0 (0.00) 0 (0.00)

Total 12 7 12 7 7

NOTE: P < 0.001 among the five groups, o = 0.05, compared with negative control group.

*P = 0.003, corrected o' = 0.005.
+P =0.001, corrected o’ = 0.005.
+P =0.001, corrected o’ = 0.005.
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measured in the resected liver. The metastases could be observed in the blank and negative control groups (left arrow). B. Quantitative analysis data of
tumor volume in the five groups. Columns, mean from all the mice; bars, SD. P value of treated group versus negative control group was given in the figure.
C. Tumor histology. HE, H&E staining shows the metastasized tumors (arrow). HAb18G/CD147, expression of HAb18G/CD147 was examined by
immunohistochemistry developed with HAb18 mAb. Positive staining (brown, arrow) is shown in the metastasized tumor. FSP, MMP-2, and VEGF,
expression of FSP, MMP-2, and VEGF in the liver of nude mice 1 mo after treatments. FSP positively stained cells distributed as clusters around the
implanted tumors and metastases. The expression of MMP-2 was mainly detected in the stroma, whereas the expression of VEGF on the vascular
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lower the gray scale value would be. The P value of the treated group versus negative control group was given in the figure.

upper chamber of the filter with a cotton swab, the cells on the
underside were fixed, stained, and counted. To investigate the
inhibitory effects of HAb18 mAD, the upper chamber was filled
with 10 ng HAbI8 mAb, 10 pg anti-JEV mAb (negative
control), or 0.9% NaCl solution (blank).

Competitive Binding Tests

The HCC cells in exponential phase of growth were
harvested. Cells (5 x 10°) in 300 uL of PBS were incubated
with HAb18 mADb 2.5 ng for 30 min. After washing twice with
PBS, 2.5 pL RPE-labeled anti-CD147 antibody (Serotec) was
added for 20-min incubation in dark. The blank control cells
were only incubated with PBS and the positive ones with RPE-
labeled anti-CD147 antibody (Serotec). After washing, the cells

were detected for fluorescent staining by flow cytometry as
described above.

Cell Growth Tests

HCC cells were cultured in 96-well plate (6 X 10° per well)
for 8 h, followed, respectively, by anti-JEV mAb (1 pg/well,
negative control), HAb18 mAb (1 pg/well), *'T (1.85 MBq/
well), and LICARTIN (1.85 MBg/well) treatment in the
appropriate wells. Medium was added in the blank control
cells. Each condition was triplicated. After 1-h incubation, cells
were washed thrice with fresh medium and cultured at 37°C,
5% CO,. Cells were harvested and counted every day. The
doubling time (7) was calculated according to the formula
T =1t X log 2/ (log Ny — log Ng). N; means the cell number
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after cultured ¢ hours, Ny means the cell number at the
beginning of the culture, and ¢ means the culture time.

Establishment of Orthotopic Model of HCC in Nude Mice
and Animal Studies

We chose orthotopic model of HCC in nude mice for the
primary tumor can form in a microenvironment close to the
one it originated from (33). The BALB/c nude mice bearing
MHCC97-H were supplied by Liver Cancer Institute of Fudan
University (Shanghai, China). The mice were sacrificed and
the tumors were resected under aseptic conditions, put into
MEM medium with 0.1% FBS, cut to 1 mm’, and then
implanted under the liver capsule of left hepatic lobe of
BALB/c nude mice. The animals were randomized to i.v.
treated with 10 mg/kg anti-JEV mAb [once daily, 8 days,
negative control, the number of mice (n) = 7], 10 mg/kg
HADbI8 mAb (once daily, 8 days, n = 12), 93.5 MBg/kg
(n = 7), or 187 MBg/kg LICARTIN (given at the Ist, 4th,
and 8th days, n = 7), or 0.2 mL 0.9% NacCl solution (blank
control, given at the 1st, 4th, and 8th days, » = 12), beginning
from the 1st day postimplantation. The general state of health
was observed every day and the mice were weighed every
other day. The mice were sacrificed 1 month after the
implantation and the tumors from each mouse were removed.
Tumor size was measured and tumor volume was determined
using the formula (LW?) / 2, where L is the maximum
diameter of the tumor and W is the perpendicular diameter of
the tumor. Inhibitory rates of tumor growth were calculated
using the formula 1 — (posttreatment tumor volume of treated
group — 1) / (posttreatment tumor volume of negative control
group — 1) X 100%.

The main organs, including the heart, liver, spleen, lung,
kidney, stomach, and intestines were excised and the
metastases were counted and the mesenteric lymph nodes
were also examined. Then, the above tissues of all the mice
were fixed and embedded in paraffin and serially sectioned at
a thickness of 4 um. H&E staining was done to verify the
metastasis according to the morphologic characteristics,
respectively, by two individual pathologists. Animal studies
were approved by the local regulatory agency (Laboratory
Animal Research Centre of the Fourth Military Medical
University).

Immunohistochemistry

The analysis was developed, respectively, with HAb18 mAb
(1:500 diluted), rabbit anti—-MMP-2 (Boster), rabbit anti-VEGF
(Boster), and rabbit anti-FSP (Boster) as primary antibody
using Histostain TM SP kits (Zymed) according to the
manufacturer’s instructions. The negative control was estab-
lished at the same time.

Statistical Analysis

Each in vitro quantitative tests were independently
replicated and the data were calculated as mean =+ SD.
One-way ANOVA and multiple comparison were used to
compare the MMP production, trans-filter cell number, body
weight of nude mice, tumor size, and gray value of
immunohistochemistry staining in different groups. Compar-

Mol Cancer Res 2007;5(6). June 2007

ison of inhibitory effects on MMP secretion and cell invasion
between HAb18G/CD147 silence and MMPs silence was done
with x? analysis. The univariate ANOVA was used to analyze
the growth of HCC cells in different groups. Tumor metastasis
in different groups was analyzed with Kruskal-Wallis test and
Mann-Whitney test. The above analyses were done using
SPSS 11.5 statistical software. All statistical tests were two-
sided and P values <0.05 were considered statistically
significant, except that for Mann-Whitney Test, corrected
o’ = 0.005 was used and P values <0.005 were considered
statistically significant.
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