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ABSTRACT

Hepatitis B virus infection is associated with acute and chronic liver
disease and the development of hepatocellular carcinoma (hcc). Several
lines of evidence have suggested that hepatitis B virus X protein (HBx),
which is a transcriptional frans-activator, plays a role in the process of
liver carcinogenesis. We have investigated the expression of insulin-like
growth factor I (IGF-I) receptor in human hepatocellular carcinoma cell

lines using SNU368 cells containing HBx and SNU387 cells, which lack
HBx gene transcript (J-G. Park et al.. Int. J. Cancer, 62: 276-282, 1995),
in an attempt to understand its possible relationship to the HBx-induced
hcc. The binding of 125I-labeled IGF-I to the SNU368 cells was 5-fold

higher than that of SNU387 cells. The Scatchard analysis of the binding
data revealed a single class binding site for IGF-I with A,, of 7.6 and 8.8
n\i and maximum binding capacities of 169 and 33 fmol/105 cells, respec
tively. Therefore, the difference observed in '"Mabeled IGF-I binding

between SNU368 and SNU387 cells was due to an increase in the number
of IGF-I binding sites with no change in affinity for the IGF-I receptor. An
enhanced level of IGF-I receptors in SNU368 cells was also observed by
fluorescence-activated cell sorting analysis using a monoclonal antibody
against human IGF-I receptor, Â«IR3. The level of IGF-I receptor RNA
and the basal IGF-I receptor gene promoter activity in SNU368 cells were

5 and 10 times higher than those observed in SNU387 cells, respectively.
To substantiate further that HBx could transactivate the expression of the
endogenous IGF-I receptor gene. Hep G2 cells were transiently trans-

fected with a HBx expression vector. The transfection of Hep G2 cells with
an HBx expression vector resulted in increased levels of IGF-I receptor
RNA, promoter activity, and 125I-labeled IGF-I binding by 2.6-, 2.8-, and

2-fold, respectively. As a result of higher levels of IGF-I receptor, the
mitogenic effect of IGFs (IGF-I and IGF-II) on SNU368 cells was 6 times

higher than that of SNU387 cells. These results suggest that HBx may play
a role in the process of hcc by activating IGF-I receptor gene expression.

INTRODUCTION

hcc3 occurs frequently in patients with chronic HBV. The molec

ular mechanism by which HBV contributes to the formation of hcc is
currently unknown. Although more than 80% of hccs occurring in
HBV-infected patients contain integrated HBV DNA, integration ap

pears to occur at random sites in the host genome ( 1) and thus does not
seem to play a direct role in transformation. In the absence of a
consistent integration site, HBV could induce molecular changes in
the function of the cellular growth-controlling genes including onco-
genes, growth factor genes, or tumor suppressor genes by transacti-

vation.
The product of the HBV X gene, HBx, consists of 154 amino acids
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and has been shown to be capable of transactivating various viral
genes and cellular genes, including growth-related genes such as c-fos
(2), c-mvc- (3), and epidermal growth factor receptor (4), and inflam

matory response genes such as intercellular adhesion molecule 1 (5)
and human interleukin 8 (6). Thus. HBx was suspected to be a main
cause for the carcinogenicity of HBV, which was supported further by
reports that HBV X gene induced hcc in transgenic mice (7). Because
HBx does not bind to DNA directly, it is believed to act indirectly by
protein-protein interactions (8) or to act on components of cellular

signal transduction pathways (9, 10). Therefore, identification of the
cellular genes involved in the process of hepatocyte transformation as
well as cellular genes activated by HBx is key to the understanding of
the molecular mechanism of hepatocellular carcinogenesis.

IGF-II is a growth factor that is produced in large amounts during

fetal development and by many tumors and tumor cell lines. Its
expression is elevated in many human hccs, in which fetal types of
IGF-II transcripts are expressed (11). IGF-II overexpression is de
tected especially in hcc with HBV infection ( 12). The IGF-I receptor,

which is expressed in several tumor types and tumor cell lines (13,
14), has been implicated in mediating most of the mitogenic effects of
both IGF-I and IGF-II (15). The importance of the IGF-I receptor in

transformation and in vivo tumorigenesis has been demonstrated from
experiments based on an antisense strategy against the IGF-I receptor
RNA and the targeted disruption of the IGF-I receptor gene (16). In
this regard, the overexpression of the IGF-I receptor or IGF-II could
result in ligand-dependent transformation or tumorigenesis, which

might be a potential mechanism for the progression of hcc.
Therefore, in this study we investigated the expression of IGF-I

receptor in hcc-derived cell lines with and without HBV X gene

transcript in an attempt to understand the molecular mechanism of the
HBx-induced hcc. Our results indicate that HBx can transactivate the
expression of IGF-I receptor gene in hcc-derived cell lines. Increased
levels of IGF-I receptor RNA and receptor protein on hcc cell lines
with HBV X gene transcript are associated with an increase in IGF-

mediated thymidine incorporation into DNA. which might suggest
that increased expression of the IGF-I receptor gene may play a role
in HBx-induced hcc.

MATERIALS AND METHODS

Cell Lines. SNU368 and SNU387 cell lines were established from patho
logically proven hcc and characterized (17). Human hcc cell lines, SNU368
and SNU387 cells, were grown in RPMI 1640 supplemented with 10% fetal
bovine serum. Hep G2 cells were maintained in minimal essential medium a
supplemented with 10% fetal bovine serum.

Plasmids. pIGFRPO was prepared by ligating a ~1.5-kb //indlll/Ai/wII
fragment containing 485 bp of 5' flanking region and 941 bp of 5'-untranslated

region to a CAT reporter gene (pGEM41). An X protein expression vector,
pMAMneo-X. used in this study has been described (18). Control plasmid

pMAMneo was purchased from Clontech (Palo Alto, CA).
Transfection and CAT Assays. DNA transfections were carried out by

using the calcium phosphate-precipitation method (19). The lotal amount of

DNA transtected was kept constant with control vector pMAMneo plasmid.
Fifteen h after transfection. the DNA-containing medium was changed to fresh
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Fig. 1. Binding isotherm for IGF-I binding to SNU368 and SNU387 cells. Binding
assays were performed with increasing concentrations of 12il-labeled IGF-I. Specific

binding was determined by subtracting nonspecific binding from total binding (A). The
binding data were transformed into a Scatchard plot (B). B/F, bound/free. Each point,
average of determinants done in triplicale. SD for each point was less than 5%.

SFM, and the plates were incubated for an additional 48 h, at which time cells
were harvested and CAT activity was measured according to the method of
Gorman el al. (20). CAT enzyme activity was normalized for transfection

efficiency by cotransfection of 2 /j,g of the ÃŸ-galactosidase expression plasmid
pCHHO and measuring ÃŸ-galactosidase activity of the individual cell extract.

RNA Isolation and RNA Slot Hybridization. Total RNA was extracted
from cells 48 h after transfection by the method of Chomczynski and Sacchi
(21). For RNA slot hybridization, 10 fig or 20 fig of total RNA were loaded
onto nitrocellulose filters and probed with 32P-labeled IGF-I receptor DNA or

G3PDH cDNA. G3PDH probe was used to monitor the amount of RNA in
each lane. IGF-I receptor and G3PDH probe were generated by the random-
primed labeling of a 710-bp EcoRl fragment of IGF-I receptor DNA and a
1.0-kb G3PDH cDNA fragment, respectively. The IGF-I receptor RNA content
was estimated by densitometric scanning of the autoradiogram (Bio-Rad 620).

IGF-1 Receptor Binding Assays. Cells were seeded in 24-well plates and

maintained in SFM for 2 days. The cells were then washed and incubated with
varying concentrations (50-10,000 pM) of 125I-labeled IGF-I (2,000 Ci/mmol:
Amersham. Arlington Heights, IL) for 5 h at 4Â°Cin buffer [100 mM HEPES

(pH 7.8), 120 mM NaCl, 1.2 mM MgSO4, 15 mM sodium acetate, 10 mM
glucose, and 1% BSA]. The cells were then washed twice at 4Â°C,solubilized

in 0.5 M NaOH, and counted in a y counter (Beckman Gamma 5500). A
100-fold excess of unlabeled IGF-I was used to measure nonspecific binding.

The saturation binding curve was transformed by the method of Scatchard (22).
The dissociation constant (KÂ¿)and the number of binding sites (ÃŸnlax)were
obtained by the Equilibrium Binding Data Analysis program.

FACS Analysis. SNU368 and SNU387 cells (IO6) were washed with PBS
and incubated at 4Â°Cwith Â«IR, (10 /Mg/ml), a mouse anti-IGF-I receptor

monoclonal antibody (Oncogene Science, Cambridge, MA) or normal mouse
IgG for 30 min followed by FITC-conjugated goat anti-mouse F(ab)2: (1:50)

for 20 min. Samples were analyzed with a FACScan flow cytometer (Becton
Dickinson). The relative fluorescence intensity was calculated using the PC
Lysis II software.

Thymidine Incorporation. For measurements of thymidine incorporation
into DNA, cells (2 X IO4) were plated in 24-well culture dishes and grown for
24 h at 37Â°C.The medium was then replaced by SFM. Twenty-four h later. 50

ng/ml of IGF-I or IGF-II (Genzyme, Cambridge, MA) were added in SFM

containing 0.5 mg/ml of BSA, and the cells were incubated for an additional
16 h. Cells were then pulsed with 1 /j.Ci of ['H]thymidine (2.0 Ci/mmol;

Amersham). and incorporation was allowed to proceed for 6 h at 37Â°C.After

aspirating the medium and washing the cells, cell monolayers were precipitated
with 10% trichloroacetic acid for 30 min at 4Â°C.The acid-insoluble precipi

tates were solubilized in 0.1 M NaOH, and incorporated radioactivity was
measured by a liquid scintillation counter (Beckman LS6000TA).

RESULTS

Expression of IGF-I Receptor in SNU368 and SNU387 Cells.
We have measured the expression of IGF-I receptor in two hcc-

derived cell lines with and without the HBV X gene transcript to find
out whether the expression of the IGF-I receptor could be regulated by
the HBV X gene product. Cells from two hcc-derived cell lines,

SNU368 and SNU387, were established from the primary tumors of
Korean patients and well characterized (17). HBV DNA was inte-

400

Fig. 2. Flow cytometry analysis of IGF-I
receptor expression on SNU368 (A) and
SNU387 cells (B). SNU368 and SNU387
cells were incubated with aIR3, a monoclonal
antibody against human IGF-I receptor
(dashed line) and stained with FITC-labeled
antimouse F(ab)'2. The background controls

were established in the presence of normal
mouse serum (doited line).
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grated in the genomes of both cell lines; however, HBV and HBV X
gene transcripts were expressed only in SNU368 cells.

First, we analyzed 1GF-I binding to both cell lines. It was found that
SNU368 cells exhibited a 5-fold higher binding activity for IGF-I than

SNU387 cells (Fig. 1/4). The specific binding data were converted into
a Scatchard plot (22), which showed a linear plot in both cell lines,
suggesting a single class of high-affinity binding sites of IGF-I on

SNU368 and SNU387 cells. The binding capacity of SNU368 and
SNU387 cells was 169 and 33 fmol/105 cells with the equilibrium Kd

of 7.6 and 8.8 nM, respectively (Fig. IÃŸ).These results ensure that the
observed higher binding activity for IGF-I in SNU368 cells compared

to that of SNU387 cells was due to the increase in the number of
binding sites. To further confirm this increase in IGF-I binding sites,
FACS analysis using monoclonal antibody against human IGF-I re

ceptor, alR, (23), was performed (Fig. 2). When SNU368 cells were
incubated with the anti-IGF-I receptor IgG, the fluorescence intensity

of cells was increased as compared to cells incubated with normal
mouse serum (Fig. 2A), whereas a fluorescence intensity difference
between anti-IGF-I receptor IgG and normal mouse serum was not

observed in SNU387 cells (Fig. 2B). The relative fluorescence inten
sity of SNU368 cells was 5 times higher than that of SNU387 cells
when cells were incubated with aIRv The results of FACS analysis
correlated well with IGF-I binding activity.

Next, we measured the expression of IGF-I receptor gene in the two
hcc-derived cell lines. The levels of IGF-I receptor RNA in SNU368

and SNU387 cells were measured by RNA slot hybridization. The blot
was also hybridized with a G3PDH probe to monitor the amount of
RNA in each lane. Scanning densitometry of the bands showed that
the levels of IGF-I receptor RNA in SNU368 cells were 5 times higher

than that in SNLJ387 cells (Fig. 3A), which is consistent with the
results from '^[-labeled IGF-I binding and alR^ binding. Addition

ally, we examined whether the different levels of IGF-I receptor RNA
in SNU368 and SNU387 cells could be ascribed to basal IGF-I

receptor promoter activity. For this, we used the plasmid pIGFRPO,
which contains a 1.2-kb upstream sequence of IGF-I receptor linked

to the CAT reporter gene, and promoterless pGEM41. As shown in
Fig. 3ÃŸ,IGF-I receptor promoter activity in SNU368 cells was 10

times higher than the activity obtained by pGEM41. On the other
hand, IGF-I receptor promoter activity in SNU387 cells was 19%

lower than that exhibited by pGEM41, which might indicate that some
regulatory factors for IGF-I receptor gene exists in SNU387 cells. To

further confirm whether the higher basal promoter activity in SNU368
cells than that found in SNU387 cells could be due to transcriptional
activation of the IGF-I receptor promoter by endogenous HBx, co-

transfection experiments were performed with 10 fig of the pIGFRPO
reporter plasmid and 2.5 jug of the HBx expression vector. In SNU387
cells, the cotransfected HBx was able to stimulate CAT expression
3.6 Â±0.7-fold, whereas HBx coexpression resulted in a 1.2 Â±0.3-fold

increase of CAT expression in SNU368 cells (Fig. 3Q. These data
identify the upstream regulatory sequence of the IGF-I receptor gene

as the target sequence for HBx gene transactivation.
Expression of the IGF-I Receptor Gene in HBx-transfected Hep

G2 Cells. To further substantiate that HBx could transactivate the
expression of the IGF-I receptor gene, cells from the well-established

human hcc cell line Hep G2 (24), which have been reported not to
contain integrated HBV genome, were used for transfection studies.
Hep G2 cells were transiently transfected with a HBx expression
vector. For the positive control. Hep G2 cells were treated with
phorbol ester, which has been reported to stimulate IGF-I receptor

expression (25). Total RNA was prepared, and the expression of the
IGF-I receptor gene was assessed by RNA slot hybridization and
densitometry scanning (Fig. 4,4). The level of IGF-I receptor RNA in
HBx-transfected Hep G2 cells was found to be 260% relative to the

control Hep G2 cells at 100%. which is comparable to the level seen
in PMA-treated Hep G2 cells (310%). To determine whether the
increased level of IGF-I receptor RNA in pMAMneo-X transfected
Hep G2 cells was associated with a stimulation of IGF-I receptor

promoter activity, Hep G2 cells were cotransfected with pIGFRPO

IGF-IR
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Fig. 3. Expression of IGF-1 receptor gene in SNU368 and SNU387 cells. A. RNA slot

hybridization of IGF-1 receptor. Approximately 20 and 10 Â¿igof total cellular RNA were
transferred to nitrocellulose filter and probed with 32P-labeled IGF-I receptor cDNA or

G3PDH cDNA. B, basal IGF-I receptor promoter activity. Subconfluent cultures of
SNU368 and SNU387 cells were transiently transfected with 10 ;ig of the pIGFRPO and
pGEM4l reponer plasmid. Results are expressed as the fold increase of CAT activity over
the value for pGEM41. C effect of HBx expression on IGF-1 receptor promoter activity.
Ten fig of the pIGFRPO reporter plasmid were cotransfected into SNU368 and SNU387
cells with 2.5 fig of the HBx expression vector. pMAMneo-X. Results are expressed as
means of fold induction of CAT activity by pMAMneo-X (n â€”¿�2); bars. SDs.
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Fig. 4. Regulation of IGF-I receptor expression in Hep G2 cells by HBx. A, RNA slot
hybridization of Hep G2 cells transfected with HBx expression vector. Total RNA was
prepared from Hep G2 cells transfected with pMAMneo (5 Â¿ig)or pMAMneo-X (5 /ig)
or treated with PMA (100 nM). Twenty /j.g of total RNA were transferred into nitrocel
lulose filter and probed with radiolabeled IGF-I receptor DNA. Equal loading of RNA was
demonstrated by probing with G3PDH cDNA. B. transcriptional regulation of the IGF-I
receptor gene promoters by HBx. Schematic representation of the plasmid pIGFRPO. The
Hindlll/Mboll fragment contains 485 bp of 5' flanking and 941 bp of 5'-untranslated

sequences. Autoradiogram shows a CAT assay of Hep G2 cells transfected with pMAM-
neo (5 /ig; Lane 1), pMAMneo-X (5 /ig; Lane 2), and PMA (100 nM; Lane 3). CAT values

shown are the relative conversion of chloramphenicol (C) to the acetylated species (Ac)
relative to the control (pMAMneo).

reporter plasmid and HBx expression vector. The results of the CAT
assay are presented in Fig. 4B. Cotransfection of Hep G2 cells with
reporter plasmid and pMAMneo-X resulted in a 2.8-fold activation of

CAT expression over the activity seen in the parent Hep G2 cells
transfected with reporter plasmid. Also, 3-fold activation of CAT
activity was exhibited in PMA-treated Hep G2 cells. These results
correlated well with the steady-state level of IGF-I receptor RNA (Fig.

44). Next, we determined whether the increased expression of the
IGF-I receptor gene was associated with the increase in cell surface
receptors by measuring I25l-labeled IGF-I binding. 125I-labeled IGF-I

binding to pMAMneo-X transfected Hep G2 cells (201 Â±48%) was

significantly higher than that of nontreated control Hep G2 cells
(100%), and PMA-treated Hep G2 cells exhibited 275 Â±85% of
binding activity for IGF-I (Fig. 5).

Biological Effects of IGFs in HBx-expressing SNU368 Cells. To
determine whether the increased expression of the IGF-I receptor
results in the increase in the biological effect of IGFs (IGF-I and
IGF-II), the effect of IGFs on thymidine incorporation into SNU368
and SNU387 cells was measured (Fig. 6). IGF-I and IGF-II (50 ng/ml)
stimulated [3H]thymidine incorporation by 186 Â± 15% and

206 Â±8%, respectively, over basal in the absence of IGFs in SNU368
cells. On the other hand, approximately 32% stimulation of [3H]thy-

midine incorporation by IGFs was observed in SNU387 cells. Also,
anti-IGF-I receptor antibody aIR3 blocked the effect of IGFs on
thymidine incorporation into DNA in a dose-dependent manner (data

not shown). These data demonstrate that, as a result of the increased
expression of IGF-I receptor in SNU368 cells, the biological activity
of IGFs on SNU368 cells was approximately 6-fold higher than that

observed in SNU387 cells.

DISCUSSION

HBV infection is among the most widespread viral infections in
humans. HBV infection is associated with acute and chronic liver
disease and the development of hcc. Several lines of evidence, in
cluding the formation of hcc in HBx transgenic mice (7) and trans
formation of cells expressing HBx in culture (26-28), have suggested

that the product of HBV X gene (HBx) plays a potential role in the
process of liver carcinogenesis, which was supported further by a
recent study showing that 84% of patients with primary hcc were HBx
antigen positive in their tumor cells (29). This protein has been found
to transactivate homologous and heterologous transcriptional regula
tory elements of viral and cellular genes (30-33). Identification of the

cellular genes involved in the process of hepatocyte transformation is
important for a better understanding of the molecular mechanism of
HBV liver oncogenesis.

Therefore, in this study we have investigated the expression of
IGF-I receptor cells from the hcc-derived cell lines SNU368 and

SNU387 with and without HBx gene transcript in an attempt to
understand its possible relationship to the HBx-induced hcc. For
this purpose, we first analyzed the expression of the IGF-I receptor
in two hcc-derived cell lines with or without HBx gene transcript.

In SNU368 cells, a cell line with HBx gene transcript, the expres
sion of IGF-I receptor was 5 times higher than that of SNU387

400-

^ 300-

200

Â¡fi loo

Control HBx PMA
Fig. 5. 125I-labeled IGF-I binding to control and pMAMneo-X- and PMA-treated Hep

G2 cells. 125I-labeled IGF-I binding to Hep G2 cells was determined 48 h after cells were

transfected with pMAMneo (5 /u.g), pMAMneo-X (5 /ig), or PMA (100 nM) treatment.
Results are means (bars, SDs) of two independent experiments, each triplicated.
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Fig. 6. IGF-stimulated DNA synthesis in SNU368 and SNU387 cells. Incorporation of

['Hlthymidine into DNA was determined in the presence of IGF-I (D) and IGF-1I (â€¢)at

50 ng/ml concentration. Data were calculated as the percentage of increase over basal in
the absence of IGFs (n = 3); data shown are means; bars, SDs.

cells without HBx gene transcript, which was demonstrated by
I25l-labeled IGF-I ligand binding and FACS analysis using a

specific antibody against human IGF-I receptor, Â«IR3.The Scat-
chard analysis of the binding data revealed that the difference in
IGF-I binding between the two cell lines was due to an increase in
the number of binding sites with no changes in affinity. Also, the
level of IGF-I receptor RNA in SNU368 cells was enhanced 5-fold,
which correlated well with higher basal IGF-I receptor promoter
activity. Coexpression studies in which the IGF-I receptor promot-
er-CAT reporter plasmid was transiently transfected with HBx
expression vector demonstrated that expression of HBx in SNU387
cells induced a 3.6-fold activation of IGF-I receptor promoter
activity, whereas a 1.2-fold activation was observed in SNU368
cells. These results indicate that lower basal IGF-I receptor pro
moter activity in SNU387 cells can be overcome by exogenously
added HBx, and the promoter of the IGF-I receptor gene is a target
for the transactivation activity of HBx. Transfection of Hep G2
cells with HBx expression vector resulted in an increase in the
level of IGF-I receptor RNA, promoter activity, which further
substantiates that HBx could transactivate the expression of the
endogenous IGF-I receptor gene.

The mechanism by which HBx induces transcriptional transactiva
tion has not been clarified. Because HBx has no ability to bind to
DNA, HBx most likely activates a variety of transcription factors
rather indirectly. Previous studies of IGF-I receptor gene promoter
(34, 35) demonstrated that it lacks TATA or CAAT elements and has
an extremely high G-C content. In addition to the initiator element,
potential consensus binding sites for the transcription factors are
present. IGF-I receptor gene promoter contains several Spl binding
sites in both 5'-flanking and 5'-untranslated regions. Additional stud

ies have to be done to clarify the potential HBx-responsive element.
Several studies have shown that IGF-I receptor plays a central role in
the mechanism of transformation (16). The expression of the IGF-I
receptor gene can be regulated by growth factors (36), oncogenes
(37), and hormones (38), which may suggest that activation of IGF-I
receptor is crucial for tumorigenesis. As a functional result of higher
levels of IGF-I receptor, the mitogenic effect of IGFs on SNU368
cells was 6 times higher than that on SNU387 cells. These results
suggest that HBV X gene may play a role in the process of hcc by
stimulating IGF-I receptor tyrosine kinase activity by locally pro
duced IGF-II.
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