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Abstract

AIM: To investigate the role of osteopontin (OPN) and
its splice variants in the proliferation of hepatocellular
carcinoma (HCC).

METHODS: The expression of OPN variants in HCC
cell lines as well as HCC tissue samples and non-
tumour tissue was studied using polymerase chain
reaction. OPN variant cDNAs were cloned into a mam-
malian expression vector allowing both transient ex-
pression and the production of stable OPN expressing
cell lines. OPN expression was studied in these cells
using Western blotting, immunofluoresnce and enzyme
linked immunosorbent assay. A CD44 blocking antibody
and siRNA targeting of CD44 were used to examine the
role of this receptor in the OPN stimulated cell growth
observed in culture. Huh-7 cells stably expressing ei-
ther OPN-A, -B or -C were injected subcutaneously
into the flanks of nude mice to observe /n vivo tumour
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growth. Expression of OPN mRNA and protein in these
tumours was examined using reverse transcription-
polymerase chain reaction and immunohistochemistry.

RESULTS: OPN is expressed in HCC in 3 forms, the full
length OPN-A and 2 splice variants OPN-B and -C. OPN
variant expression was noted in HCC tissue as well as
cognate surrounding cirrhotic liver tissue. Expression of
these OPN variants in the HCC derived cell line Huh-7
resulted in secretion of OPN into the culture medium.
Transfer of OPN conditioned media to naive Huh-7 and
HepG2 cells resulted in significant cell growth suggest-
ing that all OPN variants can modulate cell proliferation
in a paracrine manner. Furthermore the OPN mediated
increase in cellular proliferation was dependent on CD44
as only CD44 positive cell lines responded to OPN con-
ditioned media while siRNA knockdown of CD44 blocked
the proliferative effect. OPN expression also increased
the proliferation of Huh-7 cells in a subcutaneous nude
mouse tumour model, with Huh-7 cells expressing
OPN-A showing the greatest proliferative effect.

CONCLUSION: This study demonstrates that OPN
plays a significant role in the proliferation of HCC
through interaction with the cell surface receptor
CD44. Modulation of this interaction could represent a
novel strategy for the control of HCC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a highly aggressive
carcinoma of the liver, and is the fifth most common
cancer worldwide, and the third leading cause of cancer
related death!”. Risk factors for HCC include; infection
with either hepatitis B virus (HBV) or hepatitis C virus
(HCV), alcoholic cirrhosis and exposure to environmen-
tal toxins such as aflatoxin. HCC is a global disease most
prevalent in Southeast Asia and sub-Saharan Africa,
however, in countries such as the United States and
Japan, HCC incidence is on the increase, primarily as a
result of infection with HCV™. Despite intense inves-
tigation, therapeutic intervention for HCC is extremely
limited, with a poor prognosis due to high rates of re-
currence and intrahepatic metastasis following surgical
resection. Furthermore, there is a significant gap in our
knowledge of the molecular mechanisms responsible for
HCC development and progression.

Osteopontin (OPN) is a secreted multifunctional
matrix-glycoprotein that is emerging as a significant
protein in the biology of HCC. It is involved in normal
tissue remodelling processes and is secreted to high
levels in numerous tumours including HCC". OPN is
overexpressed in HBV-related metastatic HCC", while
OPN antibodies can suppress pulmonary metastasis
of HCC cells in a nude mouse model, suggesting that
it plays a significant role in the metastatic potential of
HCC. However, its role in development and prolifera-
tion of HCC is relatively unexplored, although a recent
study involving the silencing OPN mRNA expression in
HCC cell lines, suggested it may also have proliferative
effects”. OPN binds to the family of avf} integrins, and
the cell-surface adhesion molecule CD44, to initiate cel-
lular signals that enable tumour progressionm’lz]. How-
ever, the role, if any, of CD44 and OPN in modulating
HCC cell growth, is unknown.

Osteopontin is expressed as a heterogenous protein,
dependent on glycosylation patterns and the type of cell
from which it is expressed. For example, OPN derived
from osteosarcoma-derived cells is smaller than that
from non-transformed bone cells, with expression of the
smaller form correlating with ancorage independence,
suggesting that different forms of OPN have different
phenotypic effects™. In addition, the existence of two
OPN splice variants have been described, with deletions
in exon 4 (termed OPN-C) and 5 (termed OPN-B)",
These variants were originally described in glioma cells
and more recently OPN-C has been implicated in the
invasiveness of breast cancer cell lines!™ while in HCC
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derived cell lines OPN-C promotes the extracellular clea-
vage by matrix metalloproteinase (MMP)-9, releasing a
distinct 5 kDa OPN fragment that is essential for HCC
cellular invasion”. However, the relative expression of
the OPN variants in HCC has not been formally demon-
strated, nor have their effects on HCC cell growth been
studied. In this study we demonstrate that all splice vari-
ant forms of OPN are expressed in HCC at the mRNA
level and that all have the ability to stimulate the growth
of HCC derived cell lines 7z vitro and in an i vivo ectopic
xenograft mouse model. Furthermore this growth pro-
moting effect was mediated by interaction of OPN with
CD44 and adds significantly to our understanding of the
role of OPN in HCC.

MATERIALS AND METHODS

Cells and tissue samples

The human hepatoma-derived cell lines used in this
study were Huh-7, Hep G2 and Hep3B, while Hepa 1-6
cells are of mouse hepatoma origin. All cells were main-
tained in Dulbecco’s Modified Eagle Medium, containing
4.5 ¢/L D-Glucose, 25 mmol 2-[4-(2-Hydroxyethyl)-1-
piperazinyl]ethanesulfonic acid and 2 mmol/L L-gluta-
mine (Invitrogen, CA, United States). Media was supple-
mented with 10% fetal calf serum, 12 pg/mL penicillin
and 16 ug/mL gentamycin. To monitor cell growth,
cultured cells were seeded at a density of 7 X 10" cells
per well in a 12-well plate and cell numbers monitored
daily using trypan blue exclusion. All experiments were
performed at least in triplicate. Human HCC tissue and
cognate surrounding tissue were collected from patients
undergoing HCC resection at the Royal Adelaide Hos-
pital (collection was approved by the Hospital’s ethics
committee).

Construction of OPN expression plasmids and
transfection

Full-length OPN cDNA and splice variants were am-
plified from Huh-7 cells by reverse transctiption poly-
merase chain reaction (RT-PCR). Total RNA and cDNA
synthesis were performed as described elsewhere!”.
The coding sequence for OPN was amplified using the
primers 5-GTTGAAGCTTCTCACTACCATGAGA-
ATTGCAGTG-3" and 5-TAGTTCTAGACCTTTTA-
ATTGACCTCAGAAGATG-3’ and cloned into the
mammalian expression vector pRC-CMV using Xba |
and Hind 1l to generate pRC-CMV-OPN-A. During
sequence verification, two smaller cDNAs were isolated
that corresponded to OPN-B and OPN-C. These vec-
tors were used in transient expression assays and to gen-
erate stable OPN expressing clones in Huh-7 cells using
the transfection reagent Fugene (Roche, Australia) and
G418 selection.

RNA extraction, cDNA synthesis and PCR analysis
Total cellular RNA was isolated from cells using Trizol
(Invitrogen) and first strand cDNA was synthesized
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and standard PCR performed as mentioned previ-
ously"”. Primers used for OPN ¢DNA detection were
5- ATGAGA ATTGCAGTGATTTGCTTTTGCCT
-3 and 5’-CATGGTCATCATCATCTTCATCATC
-3’; primers utilised for the detection of CD44 were 5
-GACACATATTGCTTCAATGCT TCAGC-3’ and 5’
-GATGCCAAGATGATCAGCCATTCTGGAAT-3
and glyceraldehyde-3-phosphate dehydrogenase prim-
ers were 5-ACCACAGTCCATGCCATCAC-3’ and 5’
-TCCACCACCCTGTTGCTGTA-3". Amplicons were
electrophoresed through a 1% agarose gel before visuali-
sation on a ultraviolet transilluminator.

Detection of OPN and CD44

Huh-7 cells, either stably selected or transiently expressing
OPN, were lysed using RIPA buffer and total protein sep-
arated vz sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis and transferred to nitrocellulose as previously
described"”. Membranes were blocked with 5% skim milk
in 0.1% phosphate buffered saline Tween-20 (PBS-T) and
incubated overnight at 4 C with either 400 ng/mL of
goat anti-human OPN antibody (K-20: SCBT, SantaCruz,
CA) or mouse anti-human CD44 antibody (Labvision,
Fremont, CA, United States) at 200 ng/mL followed by
either 33 ng/ml of anti-goat or anti-mouse horseradish
peroxidase (HRP) antibody (Rockland, Gilbertsville, PA,
United States). Washes between antibody binding were
with 0.1% PBS-T. Protein bound to antibody was visu-
alised via chemiluminescence (ECL; Amersham Biosci-
ences, Piscataway, NJ, United States).

Cellular localisation of transiently expressed OPN was
performed #ia indirect immunofluorescence as previously
described"” with the exception that cells were incubated
in 1 ug/mL of anti-OPN antibody followed by 10 mg/
ml anti-goat Alexa 488-conjugated antibody (Molecular
probes, Eugene, OR). CD44 expression was visualised us-
ing a mouse anti-human CD44 antibody at 4 pg/ ml. on
cells that had been fixed in 5% formalin but not permeabi-
lised for detection of surface CD44 only. Cells were visu-
alised using a BioRad Radiance 2100 confocal microscope.

OPN concentration in cell culture supernatants
was determined using an “in house” sandwich enzyme
linked immunosorbent assay (ELISA) as described pre-
viouslym; where plates were coated with a monoclonal
anti-OPN antibody (3 ug/mL R and D Systems, Minne-
apolis, MN, United States) and detection performed with
a polyclonal anti-OPN antibody (200 ng/mlL R and D
Systems). CD44 blocking antibody (sc-7946; Santa Cruz,
CA, United States) for 30 min at room temperature.
The blocking antibody is a polyclonal antiserum raised
against amino acids 21-320 of CD44™,

SiRNA knockdown of CD44

Stealth™ siRNA double stranded RNA oligonucleotides
(Invitrogen) designed to “knock down” or minimise ex-
pression of the OPN receptor CD44 were transfected
into Huh-7 and Hel.a cells using the reverse transctip-
tion method of LipofectamineTM 2000 (Invitrogen) as
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per the manufacturer’s instructions. Cells were assayed
for CD44 expression (and growth rate when required)
24-96 h post transfection zia immunoblot assay. Three
different siRNA oligonucleotides, designed to target the
conserved exons present in all CD44 isoforms, were
tested for their ability to minimise CD44 expression in a
transient system using both RT-PCR and immunoblot-
ting as described above. Of the three, two demonstrated
consistent knockdown of CD44 at the RNA level by
RT-PCR and immunoblot analysis and were pooled for
further experiments.

In vivo tumour growth

Five week-old female Balb/c nude mice were implanted
subcutaneously with 5 X 10° cells from Huh-7 OPN-A
expressing cell lines and the Huh-7 parent cell line as a
control. Cells were diluted in 100 pL of PBS and injected
into both dorsal flanks (7 = 6). Tumour growth was mon-
itored by calculation of tumour volume [V (mL) = (width’
X lengthz)/ 2] and measured daily for approximately 25 d.
The mice were sacrificed and tumours removed for his-
tological analysis. These experiments were approved by
the University of Adelaide and Institute of Medical and
Veterinary Science animal ethics committees.

Immunohistochemical staining of tissue sections
Paraffin embedded sections of liver and tumour tissue
were processed as previously described"”. Five micron
sections were re-hydrated and incubated in either anti-
OPN (LabVision, Fremont, CA, United States), or normal
rabbit IgG (Cell signalling, Boston, MA, Unites States)
(diluted to 1 pg/mL in PBS + 3% (v/v) normal hotse se-
rum) for 30 min, before being incubated in ADVANCE™
HRP-Link (Dako, Glostrup, Denmark), and then in AD-
VANCE™ HRP Enzyme (Dako) for 30 min each. Slides
were then incubated in diluted DAB + chromagen (Dako;
20 uL. DAB + chromagen in 1 mL DAB + substrate buf-
fer) for 5 min and then following a 5 min wash in H2O,
slides were counterstained with haematoxylin.

Statistical analysis

Student 7 tests were performed to analyse the distribu-
tions of 2 independent data sets and all statistical analy-
sis were performed using SPSS 10.0.

RESULTS

Multiple OPN forms are expressed in HCC

The existence of multiple forms of OPN, termed OPN-A,
OPN-B and OPN-C, has been previously described"?,
however, their expression and physiological roles in tu-
mour biology, including HCC has not been well studied.
We therefore investigated expression of these OPN vari-
ants in the HCC cell lines, Huh-7, HepG2, Hep3b and
the mouse HCC line Hepal-6, using PCR primers that
spanned exons 2-6 (Figure 1A). As predicted, all HCC
cell lines expressed the full-length OPN-A mRNA (Figure
1B). In addition, two smaller transcripts were identified
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Figure 1 Osteopontin splice variants are expressed at different levels in the liver of hepatocellular carcinoma patients and in various cell lines. A: Sche-
matic representation of the three osteopontin (OPN) splice variants; B: Polymerase chain reaction (PCR) performed on cDNA from different cell types shows varying
distribution patterns of OPN mRNA; C: PCR performed on cDNA taken from patient hepatocellular carcinoma (HCC), and its surrounding tissue indicates altered OPN
splice variant expression in HCC. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

in all cell lines (with the exception of Hepa 1-6 cells)
with OPN-B consistently expressed to a higher level
than OPN-C (OPN-C c¢DNA is readily visable on lon-
ger exposure). These smaller transcripts were identified
by cloning and sequencing and shown to be specific for
OPN-b and OPN-C that lack exons 5 and 4 respectively
(Figure 1A). OPN-A is clearly the dominantly expressed
OPN transcript followed by OPN-B and OPN-C re-
spectively. Interestingly mouse tissue only expressed the
full length OPN-A and this is consistent with a previous
report indicating that OPN-A is exclusively expressed in
mouse tissues'”.

We next investigated OPN mRNA expression in
HCC tissue samples and cognate non-tumour tissue us-
ing the primers described above. Attempts to generate
a quantitative real-time assay for detection of all OPN
variant simultaneously was unreliable. Nevertheless, it
is clear that normal human liver tissue expressed the 3
OPN transcripts to variable degrees, while OPN vari-
ant expression was variable between HCC samples. For
example, OPN-C expression was increased in HCC P1
compared to cognate liver tissue, while in P2, expression
of OPN transcripts in non-tumour tissue was signifi-
cantly different from that of the corresponding tumour
(Figure 1C). This suggests that OPN transcript expres-
sion is variable and that individual OPN variants may
have specific physiological roles. The detection of all
OPN splice variants in normal liver tissue (OPN-C vis-
ible on long exposure) is in contrast to previous reports
in which it was suggested that OPN-C expression is spe-
cific to tumour cells'™*'"”.,

Stable expression of OPN splice variants in Huh-7 cells
In order to study the physiological roles of the distinct
OPN splice variants, cDNAs representing OPN-A,
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OPN-B and OPN-C, were cloned into a mammalian
expression vector to allow both transient expression and
the production of stable OPN expressing cell lines. Fol-
lowing transfection of cDNA constructs representing
the OPN variants, detection of OPN expression by con-
focal microscopy was unsuccessful, suggesting efficient
secretion of OPN into the media. However, following
treatment of transiently transfected cells with brefeldin
A, which inhibits cellular secretion pathways and causes
retention of OPN within the cell, we could detect intra-
cellular expression of OPN variants (Figure 2A). OPN
1s predominantly thought to act at the extracellular level,
however, OPN can be detected in tumourogenic hepa-
tocytes by immunohistochemistry suggesting it may, at
least in part, have a role at the intracellular level. Fol-
lowing brefeldin-A treatment, OPN variants exhibited
different cytoplasmic distribution in Huh-7 cells, sug-
gesting that each variant may have different effects on
tumourogenic hepatocytes, however, this requires further
investigation.

To investigate the role of the OPN variants on cell
growth, stable clones were produced in a Huh-7 cell
line that has low OPN mRNA expression and undetect-
able protein expression by ELISA (results not shown)
and immunoblot. Multiple clones were isolated after
G418 selection with no adverse effect on cell morphol-
ogy or growth. Intracellular OPN was not detected in
any clones (results not shown) consistent with efficient
expression of OPN, however, OPN mRNA, specific
for the OPN variant of interest, was detected by RT-
PCR (Figure 2B), while OPN protein was detected by
immunoblot (Figure 2C). Furthermore, OPN ELISA
performed on media from stable cell lines revealed se-
cretion of OPN in parent Huh 7 and vector tranfected
cells to be below the limit of detection (< 7.81 ng/mL).
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Figure 2 Stable expression of osteopontin splice variants demonstrates unique localisation patterns. Huh-7 cell stably overexpressing osteopontin (OPN)-A,
-B, -C, or the control, were stained for OPN expression and visualised fluorescently to demonstrate localisation of the three splice variants (A); Stable expression was

confirmed using polymerase chain reaction (B), and Western blotting (C). DAPI: 4',6-diamidino-2-phenylindole.

In contrast OPN-A was detected at 160.4 ng/ml. and
OPN-B at 127.1 ng/ml. We could not detect OPN-C
by ELISA for reasons that are not entirely clear, however
the OPN detection ELISA Ab was raised against OPN
purified from human milk in which OPN-C is not pres-

nt”. However, OPN-C is cleatly expressed in our sys-
tem as detected by RT-PCR, immunofluorescence and
immunoblotting (Figure 2).

OPN variants facilitate proliferation of HCC derived cell
lines

Little work has been done regarding the role of OPN
and associated splice vatiants on cell growth. However
recent work from Sun ez a/” suggests that OPN can
enhance cell growth of liver-derived cell lines, although
the role of OPN splice variants was not investigated.
Therefore, using our stably transduced OPN Huh-7
cells, we determined the impact of the individual vari-
ants on Huh-7 cell growth. Huh-7 cells expressing either
OPN-A, -B or -C grew significantly faster after 4 d of
culture compared to cells transfected with the vector
only and the parent cell line (Figure 3A). This increase
in growth rate was seen in multiple selected OPN trans-
formants, removing the possibility of clonal selection
bias. OPN is readily secreted from these Huh-7 cells and
to determine if OPN was exerting its effect by either an
autocrine or paracrine mechanism, we incubated Huh-7
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cells with conditioned media from OPN-A, -B or -C
stable transformants. As can be seen in Figure 3B, con-
ditioned media from all stable transformants increased
Huh-7 cell growth, suggesting OPN was exerting its ef-
fect in a paracrine manner. This increase in Huh-7 cell
growth was directly attributable to the action of OPN
because the addition of an anti-OPN antibody, but not a
control immunoglobulin, to the cultures, suppressed the
increase in cell growth when OPN-A conditioned media
was added to Huh-7 cells (Figure 3C). Similar results
were obtained for OPN-B and -C conditioned media (re-
sults not shown). These results suggest that all variants
of OPN can enhance Huh-7 cell proliferation 7 vitro.

OPN exerts its growth proliferative effect through CD44

The C-terminal region of OPN binds the CD44 variant
v6/7 to induce cellular signals responsible for tumour
progressionlzzl. To investigate if OPN was exerting its
growth effect in a CD44-dependent manner, we stimu-
lated a number of cell lines possessing different levels
of CD44 with OPN conditioned media. As can be seen
in Figure 4A, Huh-7, HepG2 and Hela cells all express
cell surface CD44 as determined by immunofluorescence
microscopy of unpermeabilised cells, while Hep3b cells
do not express CD44. Consistent with this observation,
Huh-7, HepG2 and HelLa cells, when stimulated with
OPN-A conditioned media, all showed a significant in-
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Figure 3 Osteopontin splice variants increase Huh-7 cell growth. A: Osteopontin (OPN)-A, -B, -C and control-expressing Huh-7 stable cell lines in conjunction
with Huh-7 cells, were seeded at a density of 7 x 10* cells per well in a 12-well plate and cell numbers monitored daily using trypan blue exclusion; B: Conditioned
media (CM) was removed from OPN-A, -B, -C and control-expressing Huh-7 stable cell lines in conjunction with Huh-7 cells and placed onto Huh-7 cells. Cells were
monitored as mentioned above; C: Huh-7 cells were seeded at a density of 7 x 10° cells per well in a 12-well plate and conditioned media from OPN-A, -B, -C and
control expressing-Huh-7 stable cell lines placed onto the cells in conjunction with either anti-OPN (OPN Ab) or an control immunoglobulin. °P < 0.05.

crease in cell growth (Figures 3B, 4B and C). However no
cell growth was noted in Hep3Bs consistent with a lack
of CD44 expression (Figure 4D). These observations
were confirmed following the addition of CD44 blocking
antibody to the conditioned media that completely sup-
pressed the OPN growth effect (Figure 5A and B). Ad-
dition of control immunoglobulin to the cultures had no
effect on OPN induced cell growth. To further confirm
the role of CD44, we suppressed CD44 expression using
an siRNA approach. Transfection of an siRNA targeting
CD44 resulted in a significant decrease in CD44 mRINA
and CD44 protein expression as determined by PCR and
immunoblot in Huh-7 and HeLa cells (Figure 6A and B).
This knockdown, in turn, correlated with a decrease in
OPN-mediated dependent cell growth of both cell lines
(Figure 6C and D). Collectively, these experiments indi-
cate that the increase in OPN induced cell growth results
from an interaction between OPN and CD44.

OPN-A induced tumour growth in an ectopic xenograft
mouse model

Our in vitro data prompted us to examine whether the
different OPN splice variants regulate tumour growth
in an ectopic xenograft nude mouse model. Accord-
ingly, Huh-7 cells stably expressing either OPN-A, -B
or -C were injected subcutaneously into the flanks of
nude mice. Mice injected with OPN-A expressing Huh-7
cells were sacrificed approximately 18 d post injection
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as the tumour size was causing mice discomfort, while
all other mice were sacrificed at approximately 22 d post
injection. The typical gross appearance of the tumours
is shown in Figure 7A, while the mean tumour volume
throughout the experiment is shown in Figure 7B. Com-
pared to parent control Huh-7 cells, mice injected with
OPN expressing cell lines showed an increase in tumour
growth. This increase in cell growth was most noticeable
in mice injected with Huh-7 cells expressing full-length
OPN-A (Figure 7B). These mice developed tumours at
day 10, after which the growth rate was faster than that
of the control tumours. To confirm OPN expression in
isolated tumours, RNA was isolated and mRNA expres-
sion of the different OPN splice variants was confirmed
by RT-PCR (Figure 7C). Detection of OPN iz situ was
petformed by immunohistochemisty in which OPN-A
expressing tumours expressed significantly more OPN-A
than control Huh-7 cells (Figure 7D). OPN-B and -C
were similarly detected by immunohistochemistry (results
not shown). No differences were noted histologically
between the tumours, with the exception that OPN-A
tumours contained a greater number of cells undergoing
various stages of the mitotic pathway. These data clearly
suggest a role for OPN in promoting the growth of
Huh-7 cells in an ectopic xenograft mouse model.

DISCUSSION
OPN is a secreted phosphoglycoprotein that binds to
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Figure 4 CD44 expression is necessary for increased cellular growth due to osteopontin expression. Huh-7, HepG2, Hep3B and HelLa cells were immu-
nostained for 4',6-diamidino-2-phenylindole (DAPI) and CD44 expression (A); Conditioned media (CM) was removed from osteopontin (OPN)-A, -B, -C and control-
expressing Huh-7 stable cell lines in conjunction with Huh-7 cells and placed onto Hep G2 cells (B); HeLa cells (C) or Hep 3B cells (D); cell numbers were monitored

daily using a trypan blue exclusion. *P < 0.05.

the family of cellular receptors integrin avfy and CD44
to exert its biological effects, and of late has gained at-
tention as its expression is associated with invasion and
metastasis of a number of malignant tumours, includ-
ing HCC™*, In many of these tumours, increased
plasma levels of OPN have shown promise as potential
prognostic biomarkers as OPN expression correlates
with metastasic potential, early recurrence and decreased
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patient survival. While our understanding of the role of
OPN in HCC biology is expanding, there is still a pau-
city of information regarding the role of OPN (and its
splice variants) in proliferation of HCC and the molecu-
lar mechanisms responsible.

OPN undergoes post-translational modifications via
phosphorylation, glycosylation and cleavage by throm-
bin and MMPs to produce differentially active forms'"”.
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Figure 5 CD44 engagement is necessary for osteopontin-a induced cell growth in Huh-7 and HeLa cells. (A) Huh-7 or (B) HeLa cells were seeded at a density
of 7 x 10* cells per well in a 12-well plate and conditioned media from osteopontin (OPN)-A Huh-7 stable cell lines or Huh-7 cells alone placed onto the cells in con-
junction with either anti-CD44 or a control immunoglobulin. Cell numbers were monitored daily using trypan blue exclusion. CM: Conditioned media. *P < 0.05.
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Figure 6 CD44 knockdown inhibits osteopontin-a-induced cell growth in Huh-7 and HeLa cells. A panel of 3 Stealth siRNA's were investigated for their ability
to limit CD44 mRNA expression using polymerase chain reaction (A), further validation was achieved by examining protein reduction of CD44 using Western blotting
(B). (C) Huh-7 or (D) HeLa cells were seeded at a density of 7 x 10° cells per well in a 12-well plate and a CD44 siRNA pool containing Stealth siRNA1 and 2 was
transfected into the cultures 24 h prior to placing conditioned media from osteopontin (OPN)-A Huh-7 stable cell lines or Huh-7 cells alone onto the cells. Cell numbers
were monitored daily using trypan blue exclusion. CM: Conditioned media; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. °P < 0.05.

For example, the MMP-9 cleaves OPN into specific
fragments of which a 5 kDa fragment induces HCC cel-
lular invasion sia the CD44 receptor'”. Furthermore,
stromelysin (MMP-3) and matrilysin (MMP-7) have been
reported to cleave OPN at residues 166 and 210, result-
ing in tumour cell adhesion, while thrombin cleavage
of OPN mediates increased adhesion and migration of
tumour cells, iz binding of the OPN RGD motif to
cell surface integrinsm’zsl. Cleatly the role of OPN and
its derivatives in tumour biology is complex, which is
further complicated by the expression of OPN splice
variants. In humans, the existence of two OPN splice
variants with deletion of exon 4 (OPN-C) or exon 5
(OPN-B) were first described in glioma cells® and more
recently in breast cancer cell lines™, however, in HCC,
the roles of the OPN splice variants is relatively unde-
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fined, although a recent report suggests that expression
of OPN-A and -B in HCC-derived cell lines confers a
robust migratory phenotype through activation of the
p42/44 Map kinase pathwaym.

There has been little investigation of the expression
of OPN splice variants and the mechanisms by which
OPN regulates cellular proliferation. Our initial inves-
tigations focused on OPN splice variant expression in
various HCC cell lines, and in HCC and its cognate sur-
rounding normal liver. At the mRINA level, we observed
expression of all three OPN splice variants in human
HCC cell lines, although OPN-A was clearly the domi-
nant species followed by OPN-B and to a lesser extent-c.
This observation is consistent with the work of Takafuji
et al"” who showed that greater levels OPN-C were ex-
pressed in HCC cell lines with high metastatic potential
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Figure 7 Over expression of the three osteopontin splice variants promotes Huh-7 tumour growth in Balb/c nude mice. A: Growth of tumours in mice injected
in the hind flanks with osteopontin (OPN)-A, -B, -C or control-expressing stable cell lines, with mean tumour volumes at the time of euthanasia expressed graphically
in (B) °P < 0.05 OPN-A/Huh-7 vector only; C: Polymerase chain reaction analysis of a representative tumour from each of the 4 groups showing OPN mRNA expres-
sion in all tumours; D: OPN-a expressing tumours display increased levels of OPN protein. Control and OPN-A tumour sections were immunostained for OPN in con-

junction with a rabbit isotype control. Bar represents 100 pum.

(the cell lines studied here are not of high metastatic po-
tential). However, the expression of OPN-B and other
splice variants was not investigated in primary HCC.
Thus this study represents a comprehensive description
of complete OPN variant expression zz vivo and in vitro.
Transcripts for all OPN variants were expressed in both
primary HCC and cognate surrounding tissue, however,
levels of expression varied between paired samples and
between different patient HCCs. While our RT-PCR is
only semi-quantitative (development of a quantitative
real time assay for all OPN variants was not reliable)
these results in-part confirm the work of He e o/ and
show that expression of OPN splice variants can be de-
tected in surrounding non-cancerous tissue. It has been
reported that the OPN splice variants are specific to
tumour cells and are rarely, if ever, expressed in normal
tissue!”. However, we noted expression of all OPN vari-
ants in non-diseased liver tissue, suggesting that OPN
splice variant expression is not restricted to tumour cells,
and different forms of OPN may play different roles
depending on the cell type that expresses OPN and the
context in which it is expressed.
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A significant finding of this study was the role of
OPN and splice variants in 7z vitro proliferation and in
vivo tumour growth of HCC. It is becoming increasingly
clear that in addition to the role of OPN in the meta-
static process it also has a role in cellular proliferation of
a number of tumours. However, its role in HCC is not
well studied, although, recently, an siRNA OPN knock-
down approach suggested that OPN is important for
HCC proliferation. Nevertheless, the relative roles of
OPN variants or the cellular receptor responsible were
not investigated”. In contrast to the above OPN RNA
interference study, we exogenously expressed OPN wvari-
ants in the HCC Huh-7 cell line, and investigated cellular
proliferation 7z vitro and in an ectopic xenograft nude
mouse model. Stable ectopic expression of OPN-A, -B
and -C resulted in secretion of all OPN forms into the
culture media, and significant proliferation of Huh-7
cells, either directly or through the addition of condi-
tioned media to naive Huh-7 cells. This suggests that at
least in vitro OPN exerts its proliferative effect in either
an autocrine or paracrine manner, which is consistent
with the secreted nature of this protein, and was con-
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firmed through the use of a neutralizing OPN antibody
that abolished the proliferative effect of conditioned
media. This proliferation effect was also seen in an iz
vivo HCC proliferation model in which Huh-7 cell lines,
expressing either OPN-A, -B or -C, all proliferated faster
than the control Huh-7 line. Interestingly compared
to the in vitro proliferation assays, OPN-A showed the
most significant proliferation advantage over OPN-B
and -C. The reason for this discrepancy is unclear as all
cell lines expressed similar amounts of OPN but may be
related to stability or processing of OPN in an i vitro
environment. To our knowledge, this is the first report
that OPN and its splice variants play a significant role
in cellular proliferation and growth of HCC, in addition
to its role in invasiveness. Our collective studies strongly
suggest that OPN plays a role in cellular proliferation
however we cannot exclude the possibility that OPN ex-
pression also plays a role in increased cell survival given
the recent observations from Zhao ez al’".

The CD44 family are cell surface adhesion molecules
that mediate cell-matrix interactions, and in addition to
the standard form, multiple isoforms arise from differ-
ential splicing of ten variant exons, and are designated
CD44v6-157. CD44 variants, especially CD44v06, have
been identified as protein markers for metastatic be-
haviour in a number of cancers, including HCCP? A
C-terminal region of OPN can specifically interact with
CD44v6 and or v7 to mediate cellular chemotaxis!”
and a thrombin-cleaved C-terminal OPN fragment in-
duces macrophage migration vz CD44™ . While OPN
CD44v6-7 binding has been associated with metastasis
and invasion, little work has been done in regard to the
CD44 OPN interaction and tumour growth, although
one study revealed that knockdown of CD44 expres-
sion reduces tumour growth in colon carcinoma cells™.
In this study, we show that the increased growth rate
of Huh-7 cells in response to OPN conditioned media
was as a result of CD44 expression because blocking
CD44 with a neutralising antibody completely abolished
this growth effect. Furthermore, HepG2 and HelLa
cells, which both express CD44v6/7, also showed this
growth effect while the Hep3B cell line, which is nega-
tive for CD44v6/7, was untesponsive to OPN in the
conditioned media. To conclusively demonstrate a role
for CD44, a siRNA approach was employed that suc-
cessfully reduced CD44 expression in both Huh-7 and
Hel.a cells. Consistent with the above, this reduction in
CD44 in both cell lines resulted in a decrease in cellular
proliferation in response to OPN conditioned media. To
our knowledge this is the first report that the interaction
between OPN and CD44 results in signals that drive
cellular proliferation in HCC. This is not surprising con-
sidering the recent work describing a role for OPN in
regulating MKK3/6 and p38 dependent nuclear factor
kappa B activation in cervical cancer leading to furin ex-
pression, a proprotein convertase that plays crucial roles
in regulation of tumour progression metastasis and an-
giogenesisw. Cervical cancer cells over expressing OPN
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showed enhanced cell growth, while shRNA-mediated
silencing of OPN suppressed cell growth in a CD44-me-

0]

diated MKK3/6 dependent p38 activation mechanism™,
While similar mechanisms may be at play in HCC, the
signalling pathways driven by OPN and CD44 activation
in HCC require further investigation. Thus, understand-
ing the molecular mechanisms that underpin increased
HCC cell proliferation through the OPN/CD44 interac-
tion and activation of downstream signalling pathways
could provide potential targets for therapeutic strategies
for the treatment of HCC.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is a highly aggressive carcinoma of the liver,
and is the fifth most common cancer worldwide. It is the third leading cause of
cancer related death. Osteopontin (OPN) is a secreted multifunctional matrix-
glycoprotein involved in normal tissue remodelling processes but is secreted
at high levels in numerous tumours, including HCC. OPN is expressed as 3
isoforms and their role in HCC biology is not entirely known.

Research frontiers

Human OPN is known to be expressed in three different isoforms with potential-
ly differing functions. Despite evidence of elevated OPN in several cancers and
correlation of levels to malignant invasivness, the expression of OPN isoforms
in the context of HCC has not previously been investigated. Similarly the affect
of OPN and its isoforms on HCC growth is unexplored.

Innovations and breakthroughs

This study demonstrates that all isoforms of OPN are expressed in HCC tis-
sues and cell lines, at the mRNA level, and that each isoform can stimulate
the growth of HCC derived cell lines both in vitro and in vivo, in an ectopic
xenograft mouse model. Furthermore, this growth promoting effect has been
shown to occur through a mechanism requiring functional CD44. These cellular
proliferation signalling pathways, driven by OPN and CD44 activation, require
further investigation.

Applications

Understanding the molecular mechanisms that underpin increased HCC cell
proliferation could provide potential targets for therapeutic strategies for the
treatment of HCC.

Peer review

Authors elegantly and convincingly demonstrated that OPN plays a relevant
role in the expansion of HCC cells through interaction with the cell surface
receptor CD44; this information is potentially interesting for novel anti HCC
therapeutic approaches.
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