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Abstract

The overall outcome of patients with hepatocellular carcinoma (HCC) is still very poor due to its
high metastasis and recurrence rate. During metastasis, trans-endothelial migration (TEM) of HCC
cells is a key step. Heparanase (HPSE) is an endo-beta-glucuronidase and exerts prometastatic
properties for normal and tumor-derived cells. However, it is remains unclear that HPSE
contributes to TEM of HCC cells. In this study, human umbilical vein endothelial cells-C
(HUVEC-C) was used to simulate vascular endothelial cells (VECs), and the HCCLM3 cells with
high HPSE expression were chosen and used for in vitro TEM assay and in vivo experiment. As
results, we found that HCCLMS3 cells showed higher TEM rate compared with other HCC cells.
Downregulation or inhibition of HPSE activity resulted in suppression of TEM of HCC cells both in
vitro and in vivo. Our findings suggest that HPSE contributes to TEM of HCC cells, which may be a

new biological function of HPSE.
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Introduction

Hepatocellular carcinoma (HCC) is the third
most common cause of cancer-related mortality
worldwide [1]. The high mortality of HCC is mainly
due to the occurrence of intrahepatic metastasis [2-4].
During metastasis, it is necessary that HCC cells move
from the portal vein (PV) to new liver parenchyma by
traversing the endothelial cell layer of the blood
vessel. Therefore, trans-endothelial migration (TEM)
is a key step in the metastatic dissemination of HCC.
However, itis unclear what molecules contribute to
TEM, and the precise pathogenesis remains to be
determined.

Heparanase @ (HPSE) is an  endo-beta-
glucuronidase. By cleaving heparan sulfate (HS) side
chains of heparan sulfate proteoglycans (HSPGs) on
cell surfaces, extracellular matrices (ECM) and

basement membrane (BM), HPSE is capable of
loosening the ECM and BM barrier and delivering
some cytokines such as basic fibroblast growth factor
(bFGF) and vascular endothelial cell growth factor
(VEGF) to promote metastasis and angiogenesis [5-9].
Our previous studies also demonstrated that HPSE
expression was associated with tissue differentiation,
HCC stages, angiogenesis, metastatic recurrence and
prognosis [10, 11]. Further research showed that
HPSE could exert pro-migrative properties for normal
and tumor-derived cells by clustering of membrane
HSPGs (i.e., syndecans) and activation of signaling
molecules such as Akt, Src, and Rac in a
HS-dependent and -independent manner [12, 13]. Our
recent study confirmed that HPSE could mediate the
migration of HCC cells, which could be inhibited by
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RNAi of HPSE [14]. However, itis unclear whether
HPSE contributes to the TEM of cancer cells. TEM is
conceptually different from the general migration of
cancer cells in ECM and BM. Increased HPSE
expression has been found in dicaryocytes, and
contributes to passing through the blood vessels in
acute immunological rejection of xenotransplantation
[15]. The similar phenomenon has also been found in
lymphocytes [16]. Cancer cells in the blood stream
cross the endothelial cell layer of the blood vessel to
enter new parenchyma of the target organ in a
manner similar to the extravasation of leukocytes [17].
On the basis of premise, we hypothesized that HPSE
could contribute to TEM of HCC cells.

In the present study, human umbilical vein
endothelial cells-C (HUVEC-C) and HCC cells with
high levels of HPSE were used for in vitro TEM assay
and in vivo test. We demonstrate that downregulation
of HPSE activity results in suppression of TEM and
liver metastasis of HCC cells. Our study suggests
HPSE contributes to TEM and promotes intrahepatic
dissemination of HCC cells.

Materials and methods

Materials

HUVEC-C, normal liver cell line LO-2 and HCC
cell lines (HepG2 and BEL-7402) were from Cell Bank
of National Academy of Science of China (Shanghai,
China). Human highly metastatic liver cancer cell line
HCCLM3 was from Liver Cancer Institute of
Zhongshan Hospital, Fudan University (Shanghai,
China). Recombinant escherichia coli containing RNAi
sequence of HPSE (siHPSE-504, siHPSE-683,
siHPSE-852 and siHPSE-3158) and negative control
plasmid were from Jikai Genechem Co., Ltd.
(Shanghai, China) (table 1). Trizol solution, reverse
transcription kits were from MBI Fermentas
Corporation  (Pittsburgh. Pennsylvania, USA).
Markers, dNTP, primers were from Sangon Biotech
Co., Ltd. (Shanghai, China). EvaGreen qPCR Master
Mix were from Bio-Rad Laboratories (Hercules,
California, USA). Lipofectamine 2000, DMEM
medium, 10% fetal bovine serum (FBS) and
RPMI-1640 medium were from Gibco Company
(Invitrogen, Carlsbad, California, USA). PCR
purification kits and plasmid extraction kit were from
Axygen Scientific Inc. (Carlsbad, California, USA).
Polyvinylidene fluoride (PVDF) membrane was from
Millipore Corporation (Bedford, Massachusetts,
USA). Bicinchoninic acid (BCA) protein assay kit and
enhanced chemiluminescence (ECL) Western blotting
kit were from Beyotime Biotech Co., Ltd. (Shanghai,
China). Rabbit-anti-HPSE polyclonal antibody was
from Abcam Inc. (Cambridge British).

Rabbit-anti-phosphoglyceraldehyde dehydrogenase
(GAPDH) polyclonal antiserum and secondary
antibody were from Biogot Biotechnology Co., Ltd.
(Louis Park, Minnesota, USA). Rose Bengal was from
Sigma Chemical Company (San Francisco, California,
USA).

Forty male nudemice (BALB/C-nu/nu) of
4-week-old, weighing 16-20 g were obtained from the
Comparative Medicine Center of Yangzhou
University (Yangzhou, Jiangsu, China). Heparin
sodium injection was from Qianhong Biochemical
Pharmaceutical Co., Ltd (Changzhou, Jiangsu, China).

Table 1. Sequences of RNA interference.

Name Direction Sequence coding

siHPSE-504  Forward 5'-CCAGGAUAUUUGCAAAUAUTT -3'
Reverse 5'-AUAUUUGCAAAUAUCCUGGTT-3'

siHPSE-683 Forward 5'- GCUCUGUAGAUGUGCUAUATT- 3'
Reverse 5'- UAUAGCACAUCUACAGAGCTT-3'

siHPSE-852 Forward 5'-GUCGCAGUUAGGAGAAGAUTT-3'

5' -AUCUUCUCCUAACUGCGACTT-3'
siHPSE-3158 Forward 5' -GGCGAGGAGAUUCUGUAAATT-3'
Reverse 5- UUUACAGAAUCUCCUCGCCTT -3'

Insertion sequence  TTCTCCGAACGTGTCACGT

Reverse

Negative
control

Cell culture

Human HUVEC-C cells, HCC cells and normal
liver cell line LO-2 were cultured in DMEM medium
supplemented with 10% FBS. Cells were maintained
at 37°C in a humidified incubator with 5% CO,. When
cells reached 80-90% confluence (usually in 2 or 3
days), they were harvested using trypsin (0.25%) with
0.01% ethylenediamine tetraacetic acid (EDTA) and
seeded (1:2) into new culture flasks with complete
DMEM. The media were replaced every day.

Measurement of HPSE expression in HCC
cells

HPSE expression at mRNA levels in all cells
were determined by real-time qRT-PCR. The primers
of HPSE: sense: 5-GCACAAACACTGACAATCCAA
G-3'; antisense: 5-AAAAGGATAGGGTAACCGCA
A-3'.  The  primers of GAPDH: sense:
5'-GTGGTCTCCTCTGACTTCAACA-3; antisense:
5'-CCACCACCCTGTTGCTGTAG-3'. The total RNA
from HCC cells was isolated and transcribed to cDNA
according to the manufacturer’s protocol. The
quantitative real-time PCR reactions were performed
in a total volume of 25 pl containing 1ug cDNA, 5 pM
of each primer, and 12.5 pl 2 x PCR Master Mix. The
cycling parameters for PCR were as follows:
denaturation 95°C 4 min, followed by 40 cycles of
denaturation at 94°C 15 sec, annealing at 55°C 30 sec,
and extension at 72°C 30 sec. GAPDH was used as an
endogenous control. Data were analyzed with the
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standard 2-4ACt method and values are expressed as
the average of triplicates.

HPSE expression at protein levels was measured
by Western blot. After harvesting the total protein
from cultured cells, the concentration of protein was
detected by BCA protein assay kit. An equivalent
protein in each sample was separated on the 10%
sodium dodecyl sulfate polyacrylamide gel
(SDS-PAGE) electro-phoresis, and electrotransferred
to PVDF membranes. After blocking with 5% (w/v)
milk in TBS-0.05% Tween, the membranes were
incubated with primary antibody against HPSE
(1:500) or GAPDH (1:2,000) overnight at 4°C.
Followed by incubation with horseradish peroxidase
conjugated secondary antibodies(1:1,000) for 1 h, the
immunoblots were visualized using ECL kit
according to the recommended procedure. The
protein bands were quantified using NIH Image]
software. The experiments were performed for three
times. According to the results, the HCCLMS3 cell with
highest expression of HPSE was selected for following
experiments.

Transient transfection

The HCCLMS3 cells were transiently transfected
with above 4 recombinant plasmids, respectively,
using lipofectamine 2000 according to the
manufacturer’'s protocol. Control groups were
transiently transfected with negative control plasmid
(NC) or transfection reagent (blank control, BC). The
cells were observed to count the efficiency by using
fluorescence microscope 48 h after transfection.

Determination of HPSE expression in
transfected HCC cells

The transfected HCCLM3 cells were harvested at
48 h post-transfection. The harvested cells were
washed and lysed with lysis buffer. The HPSE
expression was determined with real-time qRT-PCR
and western blot using the same method as
mentioned in the previous section. According to the
interference efficiency, the optimal RNAi plasmid
siHPSE-3158 was chosen for TEM assay.

In vitro TEM assay

TEM assays were performed in transwell plates
of 6.5 mm diameter with 8-pm pore filters. Above
HUVEC-C cells were seeded into the matrigel-coated
transwell filters of apical chambers at 200 pl per well.
When compact monolayer is formed, transfected
HCCLM3 cells (72 hours) were adjusted toa
concentration of 6 X 105/ ml, and then added to
endothelial cell monolayer at a density of 1.2x105 cells
per well in 200 ml medium. 100 pl DMEM medium
containing 20% FBS was added to the basal chambers.
Blank control group, negative control group,

untransfected HCCLM3 cell group and pure
HUVEC-C group were used for control. There were 3
wells in every group. The transwell plate was
incubated at 37 °C in 5% COs for 24 h, and then the
medium in each well was abandoned. The cells in
apical chambers were wiped with sterile cotton buds.
Rose Bengal solution was added to the basal chamber
at 400 pl per well. The staining solution was drawn off
and washed thrice 5 min later. In the end, destaining
solution (95% alcohol: PBS, 1:1) was added at 400 ul
per well and kept at room temperature for 30 min. 200
pl staining solution in each well was in order
transferred into another 96-well plate, and the OD
value at 570 nm (OD s570nm) was measured by a
microplate reader. TEM rate of HCCLM3 cells = OD
s7onm Of experimental group - OD spnm of pure
HUVEC-C group. The polycarbonate films were
observed using an inverted microscope. Each assay
was performed in triplicate.

In vivo TEM experiments

All animal experimental procedures in this study
were approved by the institutional ethical committee
of Yijishan Hospital of Wannan Medical College. The
feeding conditions were as follow: temperature
25+2°C, humidity (60£10)%, and illumination time 12
h. Besides male nude mice, the HCCLM3, HepG2 cells
and HPSE inhibitor heparin sodium injection were
used for in vivo experiments. First, pre-experiments
were  performed. The nude mice were
intraperitoneally injected with three kinds of different
concentration of cultured HCC cells (1x10¢/300 pl,
3%106/300 pl and 5x100/300 pl ) or subcutaneously
injected with three kinds of doses of heparin sodium
injection (125, 250 and 500 IU), respectively. The
general condition, bleeding symptom of animal and
tumor formation rates of live were observed. Based on
the results of pre-experiments, the HCC cell
concentration of 3x106/300 pl and the heparin dosage
of 250 IU were chosen for formal test.

Thirty nude mice were randomly divided into 3
groups (control, HCCLM3 cell and HepG2 cell group)
with each group 10 mice. After the lower abdomens
were sterilized with 75% (v/v) ethanol, 300ul normal
sodium (NS) was injected into the lower peritoneal
cavity of mice in control group, and equal amounts of
HCC cells (3x10°) were injected in other two groups,
respectively.

All of the above processes were performed unde
r sterile environment. Five mice in each group were
sacrificed by the end of the third and fifth week,
respectively; omentum and liver tumors were excised,
fixed in 10% (v/v) formalin and embedded in
paraffin. Tumor sections (4pm thick) were then
stained with haematoxylene and eosin (H&E) and
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examined under an optical microscope. According to
the results, HCC cells (HCCLM3 cells) were chosen

for establishing a liver metastasis model for
human HCC.
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Figure 1. Relative expression levels of HPSE in LO-2 and HCC cells
(Real-time qRT-PCR and western blot). A, HPSE mRNA and pritein
expression levels. B Western blot.* P <0.01 vs HepG2, Bel-7402 and HCCLM3
groups; 2 P < 0.01 vs HepG2 and Bel-7402 groups.

Another 20 nude mice were randomly divided
into 2 groups (control and heparin group) with each
group 10 mice. The mice in both groups were
intraperitoneally injected with 300 pl of HCCLM3

s-504

g ¥ R T =

bright field
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cells (3x10°). Since the beginning of second week of
cell inoculation, the mice in heparin group were
subcutaneously injected with a dose of heparin (250
IU) every 3 day for 2 weeks, and the mice in control
group were injected with equal amounts of NS.
All of the above processes were also performed under
sterile environment. Same observations were
performed by the end of the third and fifth week of
cell inoculation.

Statistical analysis

The results were expressed as the
meantstandard  deviation. =~ Comparisons  of
continuous variables were performed with the
one-way ANOVA test and q test. Comparisons of
categorical variables were performed with chi-square
test or Fisher’s exact test. All analyses were performed
using SigmaStat 3.5 and P < 0.05 in a two-side test was
considered statistically significant.

Results

HPSE expression in HCC cells

HPSE expressions in HCC cells were detected
using real-time qRT-PCR and western blot analysis at
the beginning of the study. As results, HPSE
expression at mRNA levels in HepG2, BEL-7402 and
HCCLM3 cells were significantly higher than that in
LO-2 cells (P<0.01) (Figure 1A). Of all 3 kinds of HCC
cells, HCCLM3 cells showed highest HPSE
expressions (P<0.01). HPSE protein expression is
consistent with mRNA (Figure 1A-B). Based on these
findings, HCCLM3 cell line was selected for following
transfection experiments.

s-3158

Figure 2. Photofluorograms of 4 kinds of RNAi transfected HCCLM3 cells (x100).
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RNAIi decreases HPSE expression in HCCLM3
cells

After RNAi plasmids were transiently
transfected into HCCLM3 cell line, bright green
fluorescence could be observed in 4 kinds of RNAi
plasmids  transfected HCCLM3 cells using
fluorescence analysis 48 h later. The cell outlines were
clear (Figure 2). Approximately 25%-35% transfection
efficiency was obtained without significant difference
among them (P>0.05). HPSE mRNA expressions in
RNAi transfected HCCLM3 cells significantly
decreased compared with control groups (P<0.01),
and lowest expression was found in siHPSE-3158
transfected HCCLM3 cells (P<0.05) (Figure 3A). HPSE
protein expressions showed similar feature (P<0.01),
and lowest protein expression was also found in
siHPSE-3158 transfected cells (P<0.05) (Figure 3A-B).
Therefore, siHPSE-3158 plasmid was chosen for
subsequent in vitro TEM assay.
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Figure 3. Relative expression levels of HPSE in RNAi plasmids
transfected HCCLM3 cells (Real-time qRT-PCR and western blot). A,
HPSE mRNA and pritein expression levels. B Western blot. BC: Blank control
group. NC: Negative control group. *P < 0.05, P < 0.01 vs si-3158 group. 244 P
< 0.01 vs siHPSE-504, siHPSE-683, siHPSE-852 and siHPSE-3158 groups.

Staining solution of untransfected HCCLM3 cells
showed deepest staining, indicating most HCCLM3
cells migrated to the basal chamber (Figure 4A-D).
The OD values of basal chamber in RNAi group was
significantly lower than those in other 3 groups
[(0.284+0.029) wvs (0.406%0.043), (0.411+0.047) and
(0.42610.049), all P<0.05)] (Figure 4E).

E
BC NC HCCLM3  RNAi

Figure 4. RNAIi decreases theTEM ability of HCCLM3 cells. A, BC
group (x200). B, NC group (x200). C, HCCLM3 cell group (x200). D, RNAi
group (x200). E, Optical density of all groups. *P < 0.05 vs BC, NC and HCCLM3
cell groups.
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RNAIi decreases TEM ability of HCCLMS3 cells

In the TEM assay, staining solution of RNAi
(siHPSE-3158) transfected HCCLM3 cells showed
lightest staining, suggesting less HCC cells
trans-endothelially migrated to the basal chamber.

2.5 Heparin reduces liver metastasis of
HCCLMS3 cells

In the in vivo experiments, we evaluated the
difference of HepG2 and HCCLMS3 cells mediated
hepatic metastasis, and established a TEM or/and
liver metastasis model. All nude mice survived after
intraperitoneal inoculation of HCC cells. The general
condition, diet and activity of mice continued without
obvious change. The body weights of all 3 groups by
the end of the third week had a significant increase
compared with those at the beginning of test (all
P<0.05), but they had no obvious difference at at the
same time (P > 0.05).

Omentum metastasis could be found in all mice
of both HepG2 and HCCLMS3 cell groups (5/5,5/5) by
the end of the third and fifth week after
intraperitoneal inoculation (Figure 5A, Figure 6A),
and no cancerous node was found in the omentum of
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mice in NS group (0/5,0/5). Liver metastasis rates of
HCCLMS3 cell group were obviously higher than those
of HepG2 cell group by the end of the third and fifth
week (2/5 and 5/5 vs 0/5 and 3/5, both P<0.05)
(Figure 5B, Figure 6A). In addition, portal venous
microemboli (PVME) and microvascular invasion
were common in HCCLMS3 cell group (Figure 6B). No
node was observed in the liver of mice in NS group.
These findings suggested intraperitoneally inoculated

Oweek 3 BWeek 5

(&)
T
|

o
1

N
T

—_
L]

* *

T

Number of micewithomentummetastasis  »
w

Nomnalsodum HepG2cdlls  HCCLVB cells

HepG2 and HCCLMS3 cells could grow well in the
omentum of mice, but only HCCLMS3 cells could be
better absorbed into the bloodstream of PV, and
trans-endothelially  migrate into new liver
parenchyma resulting in more liver metastasis.
Therefore, HCCLM3 cells were chosen for
establishing animal model of TEM or/and hepatic
metastasis.
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Figure 5. Omentum and liver metastasis rates after intraperitoneal inoculation of HCC cells. A, Omentum metastasis. B, Liver metastasis. *P < 0.05 vs

HepG2 and HCCLM3 cell groups, 4 P < 0.05 vs HepG2 cell group.
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Figure 6. The results of hematoxylin and eosin staining for tumors in omentum and liver after intraperitoneal inoculation of HCC cells.
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Figure 7. Effect of heparin on omentum and liver metastasis. A, Omentum metastasis. B, Liver metastasis. *P < 0.05 vs control group.

Following establishment and replication of
animal model, we observed the effect of heparin on
the TEM or/and liver metastasis. Minor subcutaneous
hemorrhage could be found in the injection site of
heparin in tumor-bearing nude mice without
hemorrhoea and death. By the end of the third week
of intraperitoneal inoculation, the omentum and liver
metastasis rates of heparin group were significantly
lower than those of control group (1/5 and 0/5vs 5/5
and 2/5, both P < 0.05) (Figure 7). By the end of the
fifth week, cancerous nodes in omentum and liver
developed again with withdrawal of heparin, but the
metastasis rates were still lower than that of control
group (3/5 and 2/5 vs 5/5 and 5/5, both P < 0.05)
(Figure 7). PVME and microvascular invasion in
heparin group was less than those in control group.

Discussion

HCC cells that enter portal circulation must
trans-endothelially =~ migrate into new liver
parenchyma before forming substantive metastasis.
Therefore, TEM of HCC cells is one of key steps of
liver metastasis. Previous studies showed that HPSE
expression is increased in most cancers, and exerts
pro-migrative properties for cancer cells [12-14].
However, no further researches prove whether HPSE
participates TEM of cancer cells by now.

In order to observe the effect of HPSE on TEM,
HUVEC-C cells were seeded into the apical chamber
of transwell to simulate endothelial cell in the in vitro
TEM assay. When the compact monolayer is formed,
siHPSE-3158 transfected and untransfected HCCLM3
cells were added. The TEM ability was detected by
observing the staining degree and detecting the OD
value of HCCLMB3 cells moving to the basal chamber.
As results, we found that the TEM rate of HCCLM3

cells in RNAi group significantly decreased compared
with other groups. The findings prove that HPSE can
induce the TEM of HCC cells and cancer cells crossing
endothelial cell monolayer of the blood vessel is
similar with the extravasation of leukocytes [17]. To
our knowledge, this is the first report that HPSE plays
a promoting role in TEM of HCC cells. HPSE can
degrade HSPGs on the surface of VEC, BM and ECM.
Integrity of blood vessel endothelium barrier is
destroyed, which provides a “breakthrough” for HCC
cells migrating into target tissue through VEC [5, 12,
19, 20]. Released HS on the surface of VEC can
augment the migration ability of cancer cells and
angiogenesis [12, 20]. In addition, HPSE participates
in the regulation of some signal ways, and augments
the migration ability of cancer cells by activating
downstream signal molecules such as p38MAPK, Akt,
Src and VEGF [21, 22].

To verify the effect of HPSE on TEM, it is
necessary to establish an animal model of liver
metastasis of HCC. The model should mimic well the
process of TEM. At present, there are numerous
experimental models of HCC developed by using
drug induction, subcutaneous or orthotopic
transplantation and genetic engineering [23-27].
However, these models can not simulate TEM of HCC
cells. Some reserches reported cancer cells could be
injected into spleen or PV, and directly absorded via
PV and transported to the liver resulting experimental
liver metastasis [28-30]. However, we can not find any
liver tumor when HCC cells were injected into spleen
or PV in our previous study. After repeated
experiment and comparison, we finally established a
liver metastatic model using intraperitoneal injection
of HCC cells. When the HCC cells are injected into the
abdominal cavity of nude mice, they will proliferate in
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omentum and be absorded via PV and transported to
the liver resulting liver metastasis. Therefore, we
consider the model could mimic the process of TEM.
Compared with HepG2 cells, HCCLM3 cells-induced
model can better reflect the characteristics of TEM
because it produced more metastatic lesions in the
liver of mice besides PVME and microvascular
invasion in the liver tumor site. Because HPSE
expression level in HCCLM3 cells was also higher
than that in HepG2 cells, we think HPSE could
promotes the TEM of HCC cells.

In order to verify the effect of HPSE further, we
used heparin to inhibit the activity of HPSE in vivo test
and found that heparin significantly reduced
HCCLM3 cells-induced liver metastasis, PVME and
microvascular invasion. These findings further
suggest HPSE promotes the TEM of HCC cells and
following liver metastasis in nude mice.

In conclusion, HPSE could effectively promote
the TEM of HCC cells in vitro and in vivo. Our research
discovers a new biological function of HPSE, and
provides a cytological and histological evidence for
following study of the mechanism.
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