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Figure 5. HLA-G and PD-L1 in HCC and IL-T4 in DC are involved in the induction of IL-107CD25 FOXP3™ Tregs. After culture of CD4 " CD45RA™
naive T cells with autologous monocyte-derived dendritic cells and Huh-7 or HepG2, CD4™ CD127~ CD257FOXP37IL-107 T cells (IL-
101CD25 FOXP3 ™ Tregs) were generated. (a) Representative dot plots from results of seven healthy volunteers are shown. In the abovementioned
coculture system, various neutralizing/masking Abs (b) or transwell inserts (c) were added and the results were compared with the frequencies
of IL-107CD25FOXP3™ Tregs with or without treatments. In addition, we transfected siRNA against HLA-G and/or PD-L1 to Huh-7 and
cocultured them with naive CD4™ T cells and DC as the same as above. The efficiency of gene silencing was evaluated by the comparison of
transcripts of HLA-G or PD-L1 with or without SiRNA transfection {(d). The frequency of IL-10"CD25FOXP3™ Tregs after the culture was compared
with mock-transfected ones (e). In Figures 5-B, 5-C and 5-E, the bars indicate the ratio of IL-107CD25FOXP3~ Tregs frequency (mean |
standard deviation) between those with treatment and without from three series of experiments. *: p < 0.05 by Wilcoxon rank sum test.
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tended to inhibit proliferation of allogeneic CD4™ T cells (data
not shown). Using this culture, we demonstrated that DCs are
indispensible for IL-10" CD25 FOXP3~ Tregs induction
in vitro by way of PD-1/PD-LI and IL-T4/HILA-G pathways.
Several reports showed that such molecular inferactions are
involved in the generation of regulatory cells in cancer
patients.***® In patients with TICC, a positive correlation is
observed between the expression of PD-L1 or HLA-G in can-
cer tissue and the poorer prognosis of the patients,®** sug-
gesting that such molecules are involved in cancer develop-
menl. As for HLA-G in this study, direct cellular contact
between DC and HCC is not necessary in IL-10°
CD257FOXP3™ Tregs induction, suggesting that soluble HLA-
G released from HCC may play an active role. In our hands,
soluble HLA-G was measurable in culture supernatants of
HCC cell lines and in serum samples from HCC patients (data
not shown). Further investigation is arguably needed to eluci-

FOXP3-negative regulatory T cells in HCC

date whether soluble TILA-G is functional or not in HICC
patients.

In summary, we demonstrate that CD25"FOXP3~ Tregs
are increased in HICC patients, which change dynamically in
response to HCC occurrence and post-therapeutic recurrence.
Cross-talks among HCC cells, DC and CD4™ T cells are
required for IL-107 CD25"FOXP3~ Tregs induction, in
which PD-L1, HLA-G and IL-T4 are critically involved.
Although further investigation is needed to prove that depri-
vation or inactivation of CD257FOXP3~ Tregs improves
immune responses 711 vivo, such molecules could serve as tar-
gets of Treg-oriented therapeutic intervention for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a very common malig-
nancy and causes more than six hundred thousand patients’
deaths annually worldwide. The prognosis of HCC is still
poor because it often develops with vessel invasion. Several
studies have revealed (hat neovascularizalion and angiogenic
factors, such as vascular endothelial growth factor (VEGE),
are significantly upregulated in human HCC samples and
play a considerable role in its development and
progression.”

VEGF contributes to completing vessel invasion and dis-
tant metastasis because angiogenesis is thought to be essential
for tumor growth. In addition, it is thought that cancer tis-
sues with abundant tumor vessels have many routes of access
to distant organs. We are interested not only in the angio-
genic potential of VEGF but also in its permeability potential.
The permeability function of VEGF appears to strongly
involve cancer invasion and metastasis, because high perme-
ability leads to the fragility and opening of cell-to-cell adher-
ence in the vascular endothelium, which might allow the can-
cer cells Lo migrate into the vascular lumen.”

Interferon (IFN) therapy is frequently used for eradication
of hepatitis C virus (HCV) and recently for prevention of
HCC recurrence. IFNs are a superfamily of proteins secreted
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by human cells that manifest multiple functions in the
human body such as protection of cells from viral infection,
regulation of cell growth and modulation of the immune sys-
tem. There are two types of IFN, type 1 IFN (IFNo/B) and
type II IFN (IENy). The roles of these IFNs againsl tumor
progression and invasion have been reported by several
investigators. TFNa inhibits VEGF expression and tumor
angiogenesis in neuroendocrine lumors.> Qin et al. showed
that IFNy downregulates matrix metalloproteinase (MMP) 2,
and Singh et al. presented results showing that IFNa sup-
presses [(ibroblast growlh factor 2 (FGF2).*® As for signal
transducers and activators of transcription (STAT) 1, which
is activated by IFNs, genetic polymorphisms in STATI gene
is reported to associate with increased risk of HCCS In a
clinical setting, however, it remains unclear whether and how
IFN-STAT signal transduclion is associated with tumor pro-
gression and vessel invasion. In this study, we investigated
the role of IFN-STAT signaling in the process of HCC tumor
development using a combinalion of dinical HCC samples,
several HCC cell lines and tumor-transplanted nude mice.

Material and Methods

Cell lines and tissues

Human hepatoma cell lines, PLC/PREF/5, Huh7 and HepG2,
were purchased from American Type Culture Collection
approximately 3 years ago, and have been tested every year
lo confirm that their sequences were conserved. They were
cultured with Dulbecco’s modified Fagle medium supple-
mented with 10% heat-inactivated fetal bovine serum and
treated with various concentrations of IFNa (R&D systems,
Minneapolis, MN)/y (Hayashibara Group, Japan) and/or 100
mM of cobalt chloride (CoCly; Sigma) and/or 100 ng/ml of
IL-6 (R&D systems) or exposed to hypoxia (1% O, condi-
tion), and then extracted 24 hr after stimulation. To block Ja-
nus kinase (JAK)-STAT signal transduction, 100 nM of JAK
inhibitor 1, a broad inhibitor of JAKs (Calbiochem, Darm-
stadt, Germany) or §31-201, specific STAT3 inhibitor (Sell-
eck, TX) was prelreated 1 hr before stimulation. For delec-
tion of hydroxylated-hypoxia-inducible factor (HIF)-1a, cells
were extracted with lysate buffer including 10 pM of MG132
(Sigma). HCCs and adjacent non-tumor (NT) counterparts
were obtained at the time of surgical resection. Written
informed consent was provided from each patient. We also
obtained the approval of the Ethics committee in Osaka Uni-
versity Graduate School of Medicine.

Plasmid constructs

The pGL2TK plasmid was generated by replacing the SV40
promoter of pGL2 promoter (Promega) with the herpes sim-
plex virus thymidine kinase (TK) promoter fragment (from
—105 to +51). The pGL2TkIRE plasmid was kindly pro-
vided by Uranchimeg B, National Cancer Institute. In brief,
it was produced by subcloning three copies of the HRE (5'-
GTGACTACGTGCTGCCTAG-3') from the iNOS promoter
into the pGL2TK promoter vector.”

int. J. Cancer: 131, 2774-2784 (2012) © 2012 UICC
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Mice

Balb/c nude mice (CAnN.Cg-Foxn1™/CrlCrlj) were purchased
from Charles River Laboratories (Yokohama, Japan). They
were maintained in a specific pathogen-free facility and treated
with humane care with approval from the Animal Care and
Use Committee of Osaka University Medical School.

Xenograft tumor

To produce a xenograft tumor, 5 x 10° PLC/PRF/5 cells
were subcutaneously injected to Balb/c nude mice. For anti-
cancer therapy, 5 x 10* IU/mouse of human IFNo was
administrated inlraperitoneally (IP) every day, and the same
volume of 0.9% saline was injected as a control. Treatment
with 10 pg/g BW of bevacizumab (Chugai Pharmaceulical,
Japan) IP was started 3 days afler injection of HCC cells and
was continued three times a week.

Immunoblotting and immunostaining

For immunoblotting, total cellular protein was electrophoreti-
cally separated by sodium dodecyl sulfate polyacrylamide gels
and transferred onto polyvinylidene difluoride (PVDF) mem-
brane. The membrane was blocked in Tris-buffered saline-
Tween containing 5% skim milk for 1 hr and then probed
with primary Antibody (Ab) al 4°C overnight. Rabbit mono-
clonal  anti-pSTAT1/STAT1/HIF-lo/hydroxylated HIF-1a
Abs and mouse monoclonal anti-STAT3/pSTAT3 Abs were
purchased from Cell SignalingTechnology (Beverly, MA).
Mouse monoclonal anli-VEGF Ab was {rom Calbiochem,
and anli-CD31 Ab was from R&D syslems. Mouse polyclonal
anti-B-aclin was oblained from Sigma. Horseradish peroxi-
dase-conjugated anti-rabbit or mouse Ab and SuperSignal
West Pico System (Pierce, Rockford, 11) were used for the
detection of blots.

For immunohistochemistry, tumors were excised and pre-
pared for immunostaining. Tumors were consecutively incu-
bated in PBST for 15 min, in blocking buffer [phosphate-buf-
fered saline with Tween 20 (PBST), 5% normal goal serum,
0.2% bovine serum albumin] for 30 min, in anti-CD31 Ab in
blocking buffer for 12 hr, in PBST for 15 min, in Alexa {luor
594 (Molecular Probes, NY) in blocking buffer for an hour,
and in PBST for 30 min. Finally, a coverslip was mounted in
the mounting medium (Veclashield, Veclor Laboralories)
with 4/ ,6-diamidino-2’—phenylindole-dihydrochrolide, and the
cells were examined by microscopy.

Protein—protein interaction analysis

To examine the binding of STATI protein to HIF-1a protein,
immunoprecipitation/western blot analyses were used. The
detail procedure is described elsewhere.® In brief, from CoCl,
and IFNy-treated PLC/PRE/5 cells, the cellular protein was
extracted and precleared by incubation with protein A-
Sepharose beads at 4°C for 1 hr. Next, the sample was incu-
bated with beads coupled to STAT1, pSTATI, HIF-lo, or
hydroxylated-HIF-10 antibody, or rabbit nonspecific y-globu-
lin (Dako, Denmark) for 18 hr. The immune complex was
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eluted by being boiled for 5 min, and finally the supernatant
was used for western blot to detect each protein.

Analyses of cell growth

To examine the cell growth curve, 5 x 10°> of PLC/PRF/5
cells were seeded on a 96-well culture plate. After 24, 48, 72
and 96 hr, the net number of viable cells was assessed colori-
metrically using waler-soluble lelrazolium (2-[2-methoxy-4-
nitrophenyl]-3-[4-nitrophenyl]-5-[2,4-disulfophenyl] -2 H-tet-
razolinm monosodium salt) (Roche Applied Science, IN).
This assay is based on cleavage of the tetrazolium sall by
mitochondrial dehydrogenase in viable cells. For the assay,
10 pl of the water-soluble tetrazolium reagent was added to
the 100-pl culture medium, followed by the incubation at
37°C for 1 hr. The optical density at 450 nm was measured.
The assay was done in quadruplicale and the values were
expressed as the means += S.D.

Chip

Chromatin immunoprecipitation (ChIP) analysis was basi-
cally performed according to the manufacturers’ instructions
of MAGnify ChIP System (Invitrogen). In brief, cells (~5.0
x 107) were grown to a confluencey of 85-90% in complete
media and treated with 100 pm CoCl, for 24 hr. These cells
were treated with 1% formaldehyde for 10 min at room tem-
perature, followed by the addition of 1.25 M glycine to a final
concentration of 0.125 M. Cells were washed in 4°C PBS and
pelleted in 1 ml of lysis buffer with protease inhibitors and
incubated for 10 min at 4°C. Nuclear lysales were sonicated
(Sonifier 250, Branson) for 15 cycles of 30 sec ON and 30
sec OFF to shear DNA to 200-500 bp fragments. Chromatin
solutions were precleared and incubated with anti-HIF-1a,
STAT1 or the nonspecific v-globulin (negative control) and
rotated overnight at 4°C. Chromatin/protein complex was
purified and applied to PCR analysis. The region ~1,386 to
—1,036 of the VEGF promoter was PCR amplified from the
immunoprecipitated chromatin using the following primers:
sense 5'-CAGGTCAGAAACCAGCCAG, antisense; 5'-CGTG
ATGATTCAAACCTACC. The 350-bp PCR product was
resolved on a 1.2% agarose gel and visualized by ethidium
bromide staining and UV illumnination.

RNA extraction, real-time PCR analysis and small RNA
interference

Total RNA was isolated (miRNeasy Mini Kit, Qiagen, Valen-
cia, CA), reverse-transcribed (High Capacity RINA-to-cDNA
Master Mix, Applied Biosystems) and then applied to real-
time PCR analysis (TagMan Gene Expression Assays,
Applied Biosystems) normalized to beta-actin expression lev-
els. All measurements were performed in triplicate. The
details of each probe for real-time PCR are described in Ta-
ble 1, Supporting Information. Cells were transfecled with
Stealth select RNA interference (RNA], set of three oligonu-
cleotides, Tnvitrogen) directed against STAT1. A Stealth
RNAI negative conlrol kil (set of three oligonucleotides, Invi-

The role of STAT1 on tumor progression

trogen) was used as a control for sequence-independent
effects following Stealth RNAi delivery. The transfections
were carried out using Lipofectamine RNAIMAX (Invitrogen)
according to the reverse transfection protocol.

Quantitative analysis of hyaluronic acid

Hyaluronic acid  enzyme-linked immunosorbanl assay
(ELISA) kit was purchased [rom Biolech Trading Partners
(NY). Each assay was performed according to the manufac-
turer’s instructions. In brief, the removed subcutaneous
tumors were dried and treated with pronase E for 24 hr. The
product was boiled for 10 min and centrifuged, and the
supernatants were subjected to ELISA assay.

Statistical analysis

Data were presented as mean * standard error (SE) (for
in vivo experiments) or as mean * standard deviation (for
in vitro experiments). Comparisons between the two groups
were performed by the unpaired t-test. Multiple comparisons
were performed by ANOVA with the Scheffe post hoc lest.
Recurrence-free survival curves were estimated using the
Kaplan-Meier method. p < 0.05 was considered statistically
significanL.

Results

IFNo; suppresses VEGF expression through inhibiting
HRE-promoter activity

To clarify the relationship between STAT1 activity and
VEGF expression in HCC, we used a hypoxia model lo
induce VEGF expression, and treated HCC cell lines with
[FNa, which is known to activate STATL” This hypoxia
model mimics the dinical selting of HCC, which was done
by administration of CoCl,. Our results shown in Figure 1a
were compatible with previous reports, suggesting that both
CoCl, and IFNa worked well in this experiment using PLC/
PRF/5 cells. VEGF mRNA/protein expression was enhanced
by CoCly, but this induction was inhibited by IFNa adminis-
tration in a dose-dependent manner. This inhibitory effect
was cancelled by introduction of JAK inhibitor or STATI
knockdown (Figs. 1b and 1c). HepG2 and Huh7 cells were
both used and displayed the same tendencies as these results
(Fig. 1, Supporting Information). VEGF expression is regu-
lated by the heterodimeric HIF-1, which is made up of IIF-
1ot and HIF-18 to the hypoxia responsive elements (HRE) on
several target genes. HIF-1B is constitutively expressed irre-
spective of various conditions, but HIF-la is proline-
hydroxylated leading to a conformational change that pro-
motes ubiquitination and proteasomal degradation under
normoxic conditions.® We next tried to find how CoCl,-
induced VEGF induction was suppressed by IFNo stimula-
tion by examining the expression levels of IJIF-lo and
hydroxylated HIF-1a. CoCl, induced HIF-1a expression, and
this induction level was not altered by TFNo treatment
(Fig. 1d). Hydroxylated HIF-1o was expressed at low levels
with or without CoCl, and/or IFNe. This inhibitory effect of

Int. J. Cancer: 131, 2774-2784 (2012) © 2012 UICC
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Table 1. Demographic characteristics of patients and tumors

2777

Total number 29

‘HCCr

Tumor SIZE (cm)

20/9
1019

o ’1/28

Vessel invasion (Vp +/-) 9/20

61.6 + 10.3

15.7 = 5.8

2/16/10/1 o
i
48 £ 2.6
6/13/6/4

1337 = 4402

" 0/6/1/0 N

C7/0% 4 ‘
5.5+ 2.4 4623
1/5/0/1 o sislels
7/0 %2 13/9
73 Loanss
766 * 579 1637 = 5161
LT TR Trr e
5/2%3 4/18

Liver function was categorized by Child-Pugh classification and the tumors were also staged by means of the pTNM system. At least every 3
months, diagnostic imaging and blood sampling was done to check for HCC recurrence. Asterisks indicate significant differences (*1, p = 0.0033,

*2, p = 0.042, *3, p = 0.008).

IFNo on VEGF expression was also seen in low O, condition
(Fig. 2, Supporting Information). Next, HRE promoter activ-
ily was assessed by lransfection of the luciferase construcl
(pGL2TkHRE) that included HRE and the minimal promoter
TK gene upstream of the luciferase gene.”'’ As shown in Fig-
ure le, HRE promoter activity was enhanced by treatment
with CoCly, and this upregulation was inhibited by TFNa
slimulation. This inhibitory effect was abolished by introduc-
ing STAT1 siRNA as is the case with VEGF expression. IFNy
has also the same inhibitory effect on VEGF expression as
IFN« (Fig. 3, Supporling Information). Qur results, therefore,
show that activation of JAK-STAT1 signal transduction
causes inhibition of VEGF expression through suppression of
HRE promoter activity.

'STAT1 forms a complex with HIF-1a
We hypothesized that a direct interaction of STATI and
HIF-1 could be responsible for the effect of pSTAT1 on for-
mation of the HIF-1 complex or on its binding to HRE. To
test this, we examined the binding of STAT1 to HIF-1 pro-
tein by means of immunoprecipitation (Ip)/western blot anal-
ysis (Fig. 1f). From CoCl, and IFNy-treated PLC/PRF/5 cells,
the cellular protein was extracted and applied to Ip assay.
The HIF-1o protein was not found in the negative control
using nonspecific y-globulin (lane 1) but detected in the
immunoprecipilates using antibodies against pSTAT1 (lane
2) and STATI (lane 3). In similar fashion, STAT1 protein
was seen in the immunoprecipitates using antibodies against
HIF-1o. These findings indicale Lhe possible binding of HIF-

Int. ). Cancer: 131, 2774-2784 (2012) © 2012 UICC

lo protein to STATI protein. To further determine if this
interaction has an effect on binding of the HIF-1 complex to
HRE, we performed in vitro ChIP assays. Cullured cells were
treated with CoCl, in the absence (Fig. 1g, lanes 1, 4) or pres-
ence of IFNy (lanes 2, 5). Before these treatments, STAT1
expression was knocked down by siRNA (lanes 3, 6). The PCR
product designed within HRE was not found in the negative
control sample using nonspecific y-globulin (lanes 1-3) but
detected in the immunoprecipitates using antibodies against
HIF-1o (lames 4-6). The detection level was less in IFNa-
treated cells, and this inhibitory effect was canceled in STAT1-
deleted cells. No bands were seen in immunoprecipitates using
STAT! antibodies (lane 7) though STATI binds to HIF-1a
complex and then might be associaled with HRE. These resulls
indicate that STAT1 bound to HIF-1a protein, and this bind-
ing caused the HIF-1a complex disassociate with HRE.

IFNo has an inhibitory effect on tumor development in the
presence of STAT1 but an opposite effect in the absence

of STAT1

Several investigators have already reported that IFNa has
antiproliferative effects by inhibiting cell-cycle progression or
by inducing apoptosis.'*"> In vitro, the growth of cultured

_cells were inhibited by IFNo stimulation irrespective of

STAT]I, indicating that antiproliferative effects involve both
STAT1-dependent and -independenl mechanisms (Fig. 4,
Supporting Information). To clarify the relationship between
IFN¢-STATL and VEGF in vivo, we developed a xenograft
model using nude mice. STAT1 gene knock down by siRNA
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Figure 1. IFNg suppresses VEGF expression through inhibiting HRE-promoter activity by interaction between STAT1 and HIF-1 complex.
{a, b) Expression levels as detected by real-time RT-PCR analysis. Cells were treated with 100 um CoCl, and/or 1.0 x 10% [U/ml (@) or
various concentrations of IFNa (b) for 24 hr. To block JAK-STAT signal transduction, 100 nM of JAK inhibitor 1 was pretreated 1 hr before
stimulation. (¢) Activation of STAT1 and expression of STAT1 and VEGF as detected by westem blot analysis. PLC/PRF/5 cells were
transfected with control siRNA or siRNA for STAT1 and subjected to each stimulation for 24 hr. (d) Expression levels of HIF-1o and
hydroxylated-HIF-1e. as detected by westem blot analysis. () Cells were cotransfected of the pGL2TkHRE plasmid or the pGL2Tk plasmid
(as a control vector) with the pRUK plasmid (Promega). The cells were then stimulated with 100 mM of CoCl, units/ml and/or 1.0 x 10°
1U/ml of IFNs, or left unstimulated, and subjected to dual luciferase assay. The relative light unit of the unstimulated sample was

considered as 1 and the data were expressed as mean = S.D. Lower panel shows expression levels of STATL as detected by western blot

analysis. () Cellular lysates from CoCl, and IFNy-treated PLC//PRF/S cells were immunoprecipitated with nonspecific y-globulin (lane 1) and

antibodies against pSTAT1 (left panel, lane 2), STAT1 (left panel, lane 3), HIF-1a (right panel, lane 2), and hydroxylated-HIF-1o: (right panel,
lane 3), and the immunoprecipitates were subjected to western blot analysis to detect each protein. (g) ChIP assay with HIF1s or STAT1

antibody. Cells were transfected with siRNA for STAT1 or control, and stimulated with CoCl, for 24 hr and/or IFNe: for 3 hr. The
immunoprecipitated DNA was purified and the region from —1386 to —1036 base pairs of the human VEGF promoter was amplified by PCR
(35 cycles). Cell lysates without Ip was used as a positive control (lane 8). Asterisks indicate significant differences (*1, p < 0.001, *2,

p < 0.01, *3, p < 0.05).
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Figure 1. (Continued)

was tested for reduction of STATI levels in several hepatoma
cell lines. Western blol analysis showed STAT1 expression
had been reduced by this method for more than 20 days, and
that it was most efficient in PLC/PRF/5 cells (Fig. 5, Supporl-
ing Information). Several nude mice were then subcutaneously
injected with control and STAT1-deleted cells to form xeno-
graft tumors and were randomly assigned into two groups;
onc was treated with human IFNw, and the other with 0.9%
saline as the control. In the presence of STATI, IFNa had a
strong inhibitory effect on the tumor development as
expected, but in the absence of STATI, surprisingly, IFNa
had the opposite effect, that is, it enhanced tumor growth
(Fig. 2a). Without IFNa treatment, there was no significant
difference in tumor growth between control and STATI-
deleted cells. We also confirmed that STAT] expression in tu-
mor had been knocked down for at least 20 days after injec-
tion (Fig. 2b). Real-time RT-PCR and western blot analyses
revealed that VEGF expression in tumors resected 20 days af-
ter transplantation was lower in the IFNa-lreated group than
in the control, which was consistent with the in vitro results,
but surprisingly it was increased when the STATI1 gene was
knocked down (Figs. 2¢ and 2d). To examine whether inhibi-

int. §. Cancer: 131, 2774~2784 (2012) © 2012 UICC

tion or progression of tumor growth was due to VEGF levels,
we used bevacizumab, a VEGF monoclonal antibody, and
measured tumor size at 25 days after injection of tumor cells.
No differences were noted between the control and IFNa-
treated groups irrespective of STAT1 expression when these
mice were treated with bevacizumab (Fig. 2e). To examine the
possibility that the human IFNa acts in vivo equally well on
mouse cells and on human cell lines, we extracted mouse liver
as well as transplanted tumor and examined STAT1 activity.
It revealed that STAT] was strongly activated in human cell
lines but less activated in mouse liver (Fig. 6, Supporting In-
formation). These data suggest that in this model, IFNo had
an inhibitory effect on tumor growth through inhibition of
VEGE expression, and that it also had a promotive effect
through enhancement of VEGF expression when STAT1
expression was knocked down in tumor cells.

As a typical hypervascular tumor, HCC produces and
secretes VEGF, thereby forming new tumor vessels, which pro-
vide oxygen and nulrienls to cancer cells causing them to
grow. Microvessel density was assessed by CD31 immuno-
staining of hepatic tumors resected 25 days after injection of
tumor cells. Tt revealed that the number of CD31 positive cells,
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Figure 2. IFN« has an inhibitory effect on tumor development in the presence of STAT1 but an opposite effect in the absence of STAT1. (a)
PLC/PRF/S cells were transfected with control siRNA (group 1 and 2) or siRNA for STAT1 (group 3 and 4). One day after treatment, 5 x 10°
of these cells were subcutaneously injected to Balb/c nude mice, and tumor area was measured every 5 days. In two groups (group 2 and
£4), 5 x 10% [U/mouse of IFNe. were administered IP every day, and in the other groups (group 1 and 3) the same volume of 0.9% saline

was injected as a control. The number of mice in each group was 5~7. (b) Expression levels of STAT1 as detected by western blot analysis.
Each subcutaneous tumor in group 4 was removed at the different time points (10, 15, 20 25 days after transplantation). One of tumors in

group 2 was used as a positive control. (¢, d) Expression levels of VEGF as detected by real-time RT-PCR or western blot analysis. Each
subcutaneous tumor was removed 20 days after transplantation. (¢) Tumor area at 25 days after transplantation in each group in the
absence (left panel) or presence (right panel) of bevacizumab, the monoclonal anti-VEGF antibody (N = 5-7 per group). Three days after
injection of tumor cells, 10 mg/g body weight of bevacizumab were injected IP twice a week. () immunofluorescent staining with anti-CD31
(red) antibody and Dapi (blue). Images are shown at low magnification (100x, left panel). Bars, 200 um. The number of CD31-positive
cells were presented (right panel). These data were acquired from three different fields in each tumor. Asterisks indicate significant

differences (*1, p < 0.01, *2, p < 0.05).

as an indicator of microvessels, was less in IFNo-treated mice,
but without STAT1 they were enhanced by IFNo administra-
tion (Fig. 2f). Taken together, IFNa plays contrary roles for
forming tumor vessels by regulating VEGF expression.

IFNo regulates VEGF expression through STAT3 activation

in STAT1-null cells

Tumor growth was seen only in the STATI1-deleted and
IFNo-treated group even when 1 x 10° cells were injected,
although no tumors were observed in the other groups (Fig.
3a). Some adhesion molecules were examined and hyalur-

onan synthase (IAS) 2 was induced by IFN« stimulation in
the STAT1-deleted cells and higher expression levels of hyal-
uronic acid were observed in the STATI-deleted and IFNa-
treated tumors (Figs. 3b and 3c and Fig. 7, Supporting Infor-
mation). The presence of STAT1 has an effect on them
because HAS2 expression and HA concentration were also
different between STAT1 (+)%IFN (—) group and STAT1(-);
IEN (—) group. These results indicate that TFNa-STAT] reg-
ulates HAS2 expression, promoting attachment of tumor
cells, becanse TIAS2 has been implicated in the developmen-
lal process involving adherence lo the exiracellular matrix

Int. ). Cancer: 131, 2774-2784 (2012) © 2012 UICC
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Figure 3. IFNo causes enhancement of HAS2 and VEGF through STAT3 activation in the absence of STAT1. (@) 1 x 10° of transfected cells
were subcutaneously injected to Balb/c nude mice. Other procedures are the same as b. (b) Expression levels of hyaluronic acid synthase
(HAS) 2, CD44 and IRF-1 as detected by real-time RT-PCR analysis. PLC/PRF/5 cells were transfected with control siRNA or siRNA for STAT1
and stimulated on the next day with 5.0 x 10 IU/ml of IFNe: for 3 hr or left untreated. () Hyaluronic acid levels of each tumor as detected
by ELISA assay. {d) Activation/expression of STAT1 and STAT3 as detected by western blot analysis. PLC/PRF/5 cells were transfected with
control sIRNA or siRNA for STAT1 and stimulated on the next day with various concentration of IFNo. for 15, 60, or 120 min. {e, f) STAT1-
knockdown cells were pretreated with or without 100 uM of S31-201, a specific STAT3 inhibitor, before CoCl, and/or 5.0 x 10% 1U/ml of
IFNe.. (e) Expression levels of HIF-1a as detected by westem blot analysis. (f; g) Expression levels of VEGF as detected by real-time RT-PCR
analysis. (g) Control and STAT1-knockdown cells were treated with CoCl, and/or 100 ng/ml of IL-6. Asterisks indicate significant differences

(*1, p < 0.001, *2, p < 0.01).

and tissue expansion through high expression of hyaluronic
acid.™*

The inhibitory effect of STAT1 on VEGF expression was
due to its binding to HIF-la, but the enhancement effect
remains unclear. Jung et al.'® have reported that STAT3 is a
potential modulator of HIF-1-mediated VEGF expression. To
examine STAT3 activation under IFNo stimulation, western

int. J. Cancer: 131, 2774~2784 (2012) © 2012 UICC

blot analysis was performed. As shown in Figure 34, 1.0 x
10° TU/ml of IFNo. induced almost the same level of phos-
phorylated STAT3 (pSTATS3), but prolonged STAT3 activity
more in the STAT1-deleted cells than in the control. Admin-
istration of a higher concentration of IFNa, such as 5.0 x
10% or 2.0 x 10 TU/ml, also caused much more aclivation of
STAT3 in the STAT1 knock-down cells than in the control.
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Figure 4. Suppressed STAT1 activity links to upregulation of VEGF, which might cause early HCC recurrence. Twenty-nine pairs of surgically
resected human HCC tumors (T) and adjacent NT tissues were used. They were divided into two groups based on STAT1 activity (supS1
versus control). (@) Activation levels of STATL in T and NT as detected by western blot analysis. Representative data are presented. (b, d)
Expression levels in each tissue of two divided groups as detected by real-time RT-PCR analysis. The relative expression level of the NT
sample in the control group was set as 1, and the fold expression level of each tissue was calculated. (¢) Predictors of recurrence-free
survival were identified using the Kaplan-Meier method. (¢} IRF-1, STAT1, and VEGF mRNA levels in the liver of 29 HCC samples were
determined by real-time RT-PCR and plotted to analyze the correlation between IRF-1 and VEGF (Pearson correlation coefficient (R) =
—0.5446, p < 0.01) (left) or between STATL and VEGF (R = —0.5514, p < 0.01) (right). The asterisks indicate significant differences

(*1, p < 0.01, *2, p < 0.05, *3, p < 0.05 versus all other groups).

These data indicate that IFNo activated STAT3 without de
novo protein synthesis, which might result in high expression
of VEGF when STATI expression has been knocked down.
The influence of enhanced STAT3 activity on HIF-1a expres-
sion in the STAT1 knock-down cells was examined by west-
ern blot analysis but IFNo had no effects on HIF-1a expres-
sion, irrespective of S$31-201, specific STAT3 inhibitor
(Selleck, TX)(Fig. 3e). Administration of CoCl, induced
VEGF expression and this induction was enhanced by IFNa
stimulation in STATI-null cells (Fig. 3f). This augmentation
was canceled by pretreatment with S31-201, providing evi-
dence that IFNa enhanced VEGF expression through STAT3
activation in the absence of STATI. This synergistic effect
was found not only with CoCl, and IFNo stimulation, but
also with CoCl, and IL-6 slimulation (Fig. 3g). These results

indicate that inflammation itself is a potent modulator of
VEGEF expression when STAT1 expression is silenced or
downregulated.

Patients with suppressed STAT1 activity show a poor
prognosis, which might be linked to upregulation of VEGF
To examine the activity of STATI in human HCC samples,
we used 29 pairs of surgically resected human IHCC tumors
(T) and adjacent NT tissue samples. The backgrounds of the
29 cases are shown in Table 1. No one had received radiation
or chemotherapy after surgery. In seven cases, STAT1 phos-
phrylation was suppressed in T compared to NT while in
two cases, it was enhanced. All cases were then divided into
two groups. In suppressed STAT1 group, STAT1 activity
level was reduced more than by two-fold in T to NT by

.
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Figure 4. (Continued)

weslern blol (abbreviated as supS1 group, representalive dala
was shown in Fig. 44, No. 1 and 2). In 22 patients, STAT1
aclivalion was not so changed or enhanced when comparing
T with NT (control group, Fig. 4a, No. 3-8). These two
groups had no statistical differences in their clinical back-
grounds (Table 1). With most the same levels of serum ala-
nine aminotransferase, our results suggest that these two
groups had similar levels of hepatic inflammation. Expression
of STAT1 target genes, such as interferon (IFN) regulatory
factor (IRF)-1 and STATI itself, were measured by real-time
RT-PCR, and statistically less expression of these molecules
in the supSl group were found in T than in NT (Fig. 4b).
This is evidence for STAT1 activation in the supSl group
being suppressed in HCC tissues. Next, prognostic factors
were examined, and surprisingly, all patients in the supSl
group displayed HCC recurrence within 2 years irrespective
of having the same levels of liver function and staging of
HCC compared lo the control group (Table 1). We also
observed suppression of STAT1 activity in tumor was associ-
ated with significantly worse recurrence-free survival by
Kaplan-Meir analysis (Fig. 4c). As for the cause of the early

Int. J. Cancer: 131, 2774-2784 (2012) © 2012 UICC

recurrence in the supS1 group, the rale of microscopic porial
venous invasion was significantly higher in the supS1 group.
This finding indicates that the early recurrence may be asso-
ciated with microportal invasion.

We next asked why suppression of hepatic STAT1 activity
could be linked to vessel invasion by examining vessel inva-
sion-related molecules, such as FGF, MMP, tissue inhibitor
of metalloproteinase and VEGF, in these two subject groups.
VEGF expression level was higher in the whole supS1 group
than in the control, and its expression is much more
enhanced in T than in NT (Fig. 4d and Fig. 8, Supporting In-
formation). Other molecules were supposed not to contribute
to the high HCC recurrence in supS1 group. Not only angio-
genic potential but also permeability functions of VEGF
appear to strongly mediate cancer invasion as described in
the Introduction section™® These results and previous
reports suggest that inhibited STAT1 activity might cause up-
regulation of VEGF expression, resulling in porlal invasion
and poor prognosis.

To investigate finally the direct regulation of VEGF by
STAT1 aclivation, we used these HCC samples. They
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revealed a reverse correlation between VEGF and STATI-
regulated gene expression, such as IRF-1 and STATI itself
(Fig. 4e). As the number of patients in this study was quite
small, we cannot come to the strong conclusion, but these
resulls are consistent with the hypothesis that STAT1 activa-
tion negatively regulates VEGF expression.

Discussion

Recently, TENa therapy has been reported to be effective for
preventing HCC recurrence.” IFN is known to exert immu-
nomodulatory effecls by stimulating T cells, natural killer
cells and monocytes. These immune cells play roles in pre-
vention of HCC recurrence by IFNa therapy, however, it
remains elusive whether IFNo therapy is effective on hepato-
cytes, and how TFNo mediates its effect on them.

We have shown in vitro that IFNo-treated activation of
JAK-STAT pathway causes inhibition of VEGE expression
through abrogation of HRE-promoter activity. Some mole-
cules were reporled Lo have effecls on gene lranscription of
VEGE,>® but this is the first report to show that STATI

directly binds to HIF-1 and regulates HRE-promoter activity.

This is a newly discovered mechanism about IFNo-treated
inhibition of VEGF expression, but more important is the
fact that IFNa has adverse effects when STAT1 expression is
silenced. That is, STAT3 is much more activated under stim-
ulation with IFNo, followed by enhancement of expression of
targel genes, such as VEGF, as indicaled in this study. This is

The role of STAT1 on tumor progression

the so-called “STAT-shift,” and the same event occurs in the
case of the growth hormone-STATS, interleukin-6-STAT3.*
! STAT! expression is regulated by IFNo, and thus the less
activated the STATI is, the less it is expressed. This negative
loop of STAT1 is more likely Lo occur in the clinical selling
than other STATSs. In some cases, IFNa therapy causes rapid
progression of HCC with vessel invasion,? in which case the
molecular pathogenesis mighl be explained by a STAT-shift
and negative loop of STATI action.

This study has yielded three novel findings. First, patients
with suppressed STAT1 aclivily have poor prognosis because
of high HCC recurrence. This might be caused by upregula-
tion of VEGF. Second, IFNo-treated activation of JAK-STAT
pathway causes inhibition of VEGF expression through inter-
action of the HIF-1 complex with STATI. Third, treatment
with IFNa contributes to the harmful consequences when
STAT1 expression is silenced or downregulated. These find-
ings should be helpful for deciding which therapy is sunitable
for HCC palients. In some cases, conventional therapy should
be replaced by other therapies, such as bevacizumab, one of
the molecular (arget drugs for palients with suppressed
STAT1 activity in tumor.
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Abstract

Background Nucleotide analogues have recently been
approved for the treatment of patients with hepatitis B virus
(HBV) infection. However, it is still controversial whether
the decrease of HBV-DNA amount induced by treatment
with nucleotide analogues can reduce the risk of hepato-
cellular carcinoma (HCC) development in HBV patients.
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Methods A total of 293 HBV patients without HCC who
were treated with lamivudine (LAM) were enrolled in a
multicenter trial. The incidence of HCC was examined
after the start of LAM therapy, and the risk factors for liver
carcinogenesis were analyzed. The mean follow-up period
was 67.6 = 27.4 months.

Results On multivariate analysis for HCC development in
all patients, age >50 years, platelet count <14.0 x 10%
mm?, cirrhosis, and median HBV-DNA levels of >4.0 log
copies/ml during LAM treatment were significant risk
factors. The cumulative carcinogenesis rate at 5 years was
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3% in patients with chronic hepatitis and 30% in those with
cirthosis. For the chronic hepatitis patients, the log-rank
test showed the significant risk factors related to HCC
development to be age =>50 years, platelet count
<14.0 x 10*mm?, and hepatitis B e antigen negativity, but
median HBV-DNA levels of <4.0 log copies/ml (main-
tained viral response, MVR) did not significantly suppress
the development of HCC. In cirrhosis patients, however,
the attainment of MVR during LAM treatment was
revealed to reduce the risk of HCC development.
Conclusions These results suggest that the incidence of
HCC in HBV patients with cirrhosis can be reduced in those
with an MVR induced by consecutive LAM treatment.

Keywords Lamivudine - Chronic hepatitis B - Cirrhosis -
Hepatocellular carcinoma - HBV-DNA level

Abbreviations
HBV Hepatitis B virus

HCC Hepatocellular carcinoma

LAM Lamivudine

ADV Adefovir

ETV Entecavir

Hbs Ag Hepatitis B surface antigen

PCR Polymerase chain reaction

TMA Transcription-mediated amplification
IVR Initial viral response

MVR Maintained viral response

HBe Ag Hepatitis B e antigen

CT Computed tomography

MRI Magnetic resonance imaging
ALT Alanine aminotransferase
Introduction

More than 350 million people worldwide suffer from
chronic infection with hepatitis B virus (HBV) [1-3].
Chronic HBV infection eventually leads to the develop-
ment of cirrhosis and hepatocellular carcinoma (HCC), and
raises the risk of hepatic disease-related death [4-6]. In
Japan, up to 15% of HCC patients are diagnosed with
HBV-related liver disease [7].

HCC is one of the most common malignancies in Japan
and its incidence has been increasing over the past 30 years.
Recently, various treatments such as transcatheter arterial
embolization/chemoembolization, radio-frequency abla-
tion, and hepatic resection have been reported to yield
significant improvements in overall patient survival [8-11].
However, HCC relapse has thus far been observed in a
majority of treated patients due to its highly malignant
potential. In this regard, successful treatment of chronic
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HBYV infection should prevent the patient’s liver from
progressing to cirrhosis and reduce the risk of HCC devel-
opment. In recent years, the treatment of chronic hepatitis
has changed greatly with the development of various anti-
viral therapies with nucleoside/nucleotide analogues such
lamivudine (LAM), adefovir (ADV), and entecavir (ETV)
[12-15]. LAM has long been used against chronic hepatitis,
and many reports have demonstrated that LAM is effective
in stabilizing inflammatory activity, suppressing HBV-
DNA replication, and improving liver histological findings
in chronic hepatitis patients [16, 17] and in HBV-related
cirthosis patients [18]. Furthermore, LAM has been repor-
ted to reduce the incidence of HCC in patients with chronic
hepatitis B [19]. However, it is still controversial whether or
not treatment using nucleotide analogues can reduce the risk
of HCC development in HBV-infected patients [20, 21],
and the relationship between the effect of HBV suppression
and HCC development during LAM treatment has not yet
been discussed in detail. Also, the risk factors for HCC
development in HBV-infected patients who have been
treated with LAM have not been sufficiently evaluated. In
this study, we aimed to clarify whether the decrease of
HBV-DNA amount induced by LAM therapy could reduce
the incidence of HCC in HBV-infected patients.

Patients and methods
Patient selection and study design

This study was conducted at Osaka University Hospital and
other institutions participating in the Osaka Liver Forum in
Japan. The subjects were 293 consecutive patients with
HBYV infection who underwent continuous LAM therapy for
more than 24 weeks from September 2000 to September
2006. All patients tested positive for hepatitis B surface
antigen (HBs Ag) or had detectable levels of HBV DNA in
their sera according to findings from a polymerase chain
reaction (PCR)-based method or a transcription-mediated
amplification (TMA) method. Exclusion criteria were
patients with anti-hepatitis C antibody, anti-human immu-
nodeficiency virus antibody, and other liver diseases
(alcoholic liver disease, drug-induced liver disease, and
autoimmune hepatitis). Also excluded were patients with a
history of HCC and those who developed HCC within the
first 24 weeks of the follow-up period after the initiation of
LAM therapy (because of the possibility that microscopic
HCC had been present before the initiation of treatment).
All patients were treated with 100 mg of LAM daily. Of
the 293 patients, 129 underwent ADV (10 mg/day) therapy
in addition to receiving ongoing LAM treatment. For 43
patients who started ETV administration in lieu of LAM,
the observation period was terminated when they started
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ETV. LAM resistance was confirmed by virological
breakthrough and was defined as an increase in serum
HBV-DNA by >1 log, greater than the nadir [22]. If
virclogical breakthrough developed and alanine amino-
transferase (ALT) was elevated over the upper normal
limit, the patients received add-on ADV at 10 mg/day.

In this study, all patients were examined for serum HBV-
DNA level just before therapy initiation and every 6 months
during treatment. The initial viral response (IVR) was
defined as HBV-DNA <4.0 log copies/ml in the first
24 weeks of the follow-up period after the initiation of
LAM therapy, and the maintained viral response (MVR)
was defined as median HBV-DNA levels of less than
4.0 log copies/ml measured every 6 months during therapy.

This study protocol followed the ethical guidelines of
the Declaration of Helsinki amended in 2008, and informed
consent was obtained from each patient.

HBV testing

HBs Ag, hepatitis B e antigen (HBe Ag) and anti-hepatitis B
e antibody (anti-HBe) levels were examined by chemilu-
minescence immunoassay or enzyme immunoassay. HBY
DNA was measured by a PCR-based method (Amplicor
HBYV monitor; Roche Diagnostics, Tokyo, Japan) or a TMA
method (TMA-HPA; Fujirebio, Tokyo, Japan), which have
lower detection limits of 2.6 and 3.7 log copies/ml,
respectively. The LAM-resistant YMDD mutant virus was
examined by a PCR-ELMA method. Serum samples were
stored frozen at —80°C.

Diagnosis of HCC and cirrhosis

Ultrasonography was carried out before LAM therapy and
every 3—6 months during the follow-up period. New space-
occupying lesions detected or suspected at the time of
ultrasonography were further examined by computed
tomography (CT), magnetic resonance imaging (MRI), or
hepatic angiography. HCC was diagnosed by the presence
of typical hypervascular characteristics on angiography, in
addition to the findings from CT or MRI. If no typical image
of HCC was observed, fine-needle aspiration biopsy was
carried out with the patient’s consent or the patient was
carefully followed until a diagnosis was possible with def-
inite observation by CT, MRI, or hepatic angiography.
Cirrhosis was diagnosed by liver biopsy or laparoscopy, and
for patients without this information, by clinical data,
imaging modalities, and portal hypertension.

Statistical analysis

Quantitative variables were expressed as means £ SD.
Quantitative variables at the baseline were compared
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among two groups, the chronic hepatitis and cirrhosis
groups, using the Mann—Whitney U-test. Categorical data,
such as gender and status of HBe Ag, were compared using
Fisher’s exact test. The cumulative incidence of HCC was
evaluated with a Kaplan-Meiercurve and the differences
between groups were analyzed by the log-rank test. For
multivariate analysis to investigate factors affecting the
cumulative incidence of HCC, Cox’s regression analysis
was carried out. A value of p < 0.05 (two-tailed) was
considered to be statistically significant. All calculations
were performed with SPSS version 15.0J (SPSS, Chicago,
IL, USA).

Results
Baseline characteristics of patients

The baseline clinical features of the enrolled patients before
LAM administration are shown in Table 1. The mean age of
the patients was 48.0 = 10.7 years, 214 (73%) of the entire
group were male, and 163 (56%) tested positive for HBe
Ag. Of the 293 patients, 205 (70%) were diagnosed as
having chronic hepatitis and 88 (30%) as having cirthosis.
The median HBV-DNA level was 7.0 (range 3.0 to 8.5<)
log copies/ml. At baseline, the aspartate aminotransferase
(AST) level was 131 4 151 IU/, the ALT level was
203 4 252 IU/, the total bilirubin Jevel was 1.2 = 1.6 mg/
dl, the albumin (Alb) level was 3.8 & 0.5 g/dl, and the
platelet count was 13.7 + 5.4 x 10mm®. The mean
follow-up period for all patients was 67.6 + 27.4 months,
with a range of 12-110 months from the start of LAM
treatment. There were significant differences between
patients with chronic hepatitis and those with liver cirrhosis
in age, AST, ALT, total bilirubin, Alb, and platelet counts.

Cumulative incidence of development of HCC

Figure la shows the Kaplan—-Meier curve of the cumulative
HCC incidence for all HBV patients treated with LAM or
LAM plus ADV. Of the 293 patients with HBV infection,
32 (10.9%) developed HCC and the cumulative carcino-
genesis rate was 6% at 3 years, 12% at 5 years, and 15% at
7 years.

Figure 1b shows the Kaplan—Meier curve of the cumu-
lative HCC incidence according to initial diagnosis
(chronic hepatitis vs. cirrhosis). Eight (4%) of the 205
enrolled chronic hepatitis patients developed HCC and the
cumulative carcinogenesis rate was 2% at 3 years, 3% at
5 years, and 5% at 7 years. On the other hand, 24 (27%) of
the 88 enrolled cirrhosis patients developed HCC and the
cumulative carcinogenesis rate was 15% at 3 years, 30% at
5 years, and 35% at 7 years.
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Table 1 Patient characteristics

HBe Ag Hepatitis B ¢ antigen,
HBYV hepatitis B virus,

AST aspartate aminotransferase,
ALT alanine aminotransferase,
Alb albumin

? Values are expressed as
medians

*p < 0.05, ¥ p <0.001,
comparing patients with chronic
hepatitis and those with liver
cirrhosis using the Mann—
Whitney U-test for quantitative
variables and Fisher’s exact test

Factor All Chronic hepatitis Cirrhosis p value
Number of patients 293 205 88

Age- (years) 48.0 & 10.7 46.3 + 10.7 51.9£9.8 <0.001%*
Sex (male/female) 214/79 147/58 67/21 0475
HBe Ag (positive 163 (56%) 121 (59%) 42 (48%) 0.068
HBV DNA (log copies/ml)* 7.0 (3.0 to 8.5<) 6.8+1.1 6.6+ 1.1 0.162
AST (IU/D) 131 & 151 143 £+ 162 104 + 120 0.045*
ALT (TU/) 203 £ 252 235 + 269 129 + 189 <0.001%*
Total bilirubin (mg/dl) 12+ 16 09 + 0.6 1.8£27 <0.001%+#
Alb (g/dl) 3805 3.9+04 3.5+ 06 <0.001%*
Platelets (x 10*/mm®) 13.7+54 156 = 9.3 9.3£38 <0.001%*
Follow-up period (months) 67.6 £ 274 68.5 + 26.5 65.5 £ 295 0.393

for categorical variables
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Fig. 1 Cumulative incidence of development of hepatocellular
carcinoma (HCC) in patients with hepatitis B virus infection treated
with lamivuadine (LAM). a All cases; b chronic hepatitis or cirrhosis.
Solid line Chronic hepatitis, dotted line cirrhosis

Risk factors for cumulative incidence of HCC
development in all HBV-infected patients

Univariate analysis with the log-rank test was performed
for all HBV-infected patients treated with LAM, with the
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results shown in Table 2. Univariate analysis with the log-
rank test showed that the following were significant risk
factors for the development of HCC: older age (>50 years)
(p < 0.001), cirrhosis (p < 0.001), high total bilirubin
level (>1.2 g/dl) (p = 0.004), low Alb level (<3.8 g/dl)
(p = 0.019), low platelet count (<14 x 10*/mm?)
(p < 0.001), and non-MVR (p = 0.035).

Stepwise multivariate analyses of four of these variables
were performed by Cox’s regression analysis for all
patients treated with LAM with the results shown in
Table 3. The analysis indicated the following factors as
independent significant risk factors related to the devel-
opment of HCC: age >50 years [hazard ratio (HR) 3.20,
95% confidence interval [CI] 1.08-9.53, p = 0.036],
platelet count <14.0 x 10%mm?® (HR 4.76, 95% CI 0.05~
0.96, p = 0.045), cirrhosis (HR 4.64, 95% CI 1.75-12.4,
p = 0.002), and non-MVR (HR 2.70, 95% CI 1.05-6.56,
p = 0.032).

Cumulative incidence of and risk factors for HCC
development in patients with chronic hepatitis
and cirrhosis

The results of univariate analysis with the log-rank test for
the development of HCC in chronic hepatitis' patients
treated with LAM are shown in Table 4, and the follow-
ing were significant risk factors: older age (=50 years)
(p = 0.002), HBe Ag negativity (p = 0.005), and low
platelet count (<14 x 10*mm®) (p = 0.004). Suppression
of median HBV-DNA levels to <4.0 log copies/ml by
LAM treatment was not associated with the development
of HCC in the chronic hepatitis patients. Only non-MVR
(median HBV-DNA amount >4.0 log copies/ml) was
shown to be a significant risk factor for the development of
HCC in the cirrhosis patients (p = 0.029), while the factors
of age, HBe Ag status, and platelet count were not sig-
nificant in these patients (Table 4).
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Table 2 Risk factors for HCC development in all HBV-infected
patients by univariate analysis

Table 4 Risk factors for HCC development by univariate analysis
(chronic hepatitis/cirrhosis)

Factor 95% CI p value 95% CI p value
Age (years) (<50/>50) 2.15-14.5  <0.001 Chronic hepatitis
Sex (male/female) 0.33-1.76 0.520 Age (years) (<50/>50) 0.26-8.38 0.002
Initial diagnosis (chronic hepatitis/cirthosis) ~ 3.75-1.176 <0.001 Sex (male/female) 0.37-6.42 0.556
HBe Ag (positive/negative) 0.31-1.29 0.209 HBe Ag (positive/negative) 0.01-0.74 0.005
HBV DNA (log copies/ml) (<7.0/>7.0) 0.33-1.35 0.262 HBV DNA (log copies/ml) (<7.0/>7.0)  0.11-1.99 0.296
AST (TUN) (<40/>40) 0.33-2.22 0.742 AST (TU/l) (<40/>40) 0.11-2.64 0.482
ALT (IU/) (<40/>40) 0.17-1.16 0.188 ALT (TUN) (<40/>40) 0.06-141 0.101
Total bilirubin (mg/dl) (<1.2/>1.2) 1.43-6.72 0.004 Total bilirubin (mg/dl) (<1.2/>1.2) 0.67-6.67 0.574
Alb (g/dl) (<3.8/>3.8) 0.19-0.86 0.019 Alb (g/dl) (<3.8/>3.8) 0.13-8.58 0.960
Platelets (x 10%mm?) (<14/>14) 0.02-0.31  <0.00L Platelets (x10%mm?) (<14/>14) 0.01-0.72 0.004
Emergence of LAM-resistant viruses 0.51-2.03 0.968 Emergence of LAM-resistant viruses 0.27-4.28 0.927
(positive/negative) (positive/negative)
IVR (positive/negative) 0.52~3.25 0.575 IVR (positive/negative) 0.29-8.67 0.590
MVR (positive/negative) 1.04-5.95 0.035 MVR (positive/negative) 0.51-37.10 0.144
HCC Hepatocellular carcinoma, HBV hepatitis B virus, CI confidence Cirrhosis
interval, HBe Ag hepatitis B ¢ antigen, HBV hepatitis B virus, AST Age (years) (<50/>50) 0.86-6.17 0.089
aspartate aminotransferase, ALT alanine aminotransferase, Alb albu- Sex (male/female) 0.21-1.82 0.380
Ejrﬁi, vlulgfn gntxal viral response, MVR maintained viral response, LAM HBe Ag (positive/negative) 0.80-4.17 0.149
HBYV DNA (log copies/ml) (<7.0/>7.0)  0.40-2.01 0.795
AST (IU/) (<40/>40) 0.27-3.07 0.873
Table 3 Risk factors for HCC development in all HBV-infected ALT (TUN) (<40/>40) 0.13-1.47 0.167
patients by multivariate analysis Total bilirubin (mg/dl) (<1.2/>1.2) 082-480  0.126
Factor Category Risk 95% CI p value Alb (g/dl) (<3.8/>3.8) 0.28-1.58 0.354
ratio Platelets (x 10%mm?) (<14/>14) 0.03-1.51 0.084
Age (years) <50 1 1.08-9.53  0.036 Emerg.gncc of LI‘AM—rcsistant viruses 0.44-2.18 0.948
~50 320 (positive/negative)
Initial diagnosis Chronic 1 175-124  0.002 IVR (posifive/negative) 090-832 — 0.063
hepatitis MVR (positive/negative) 1.07—9.029
Cirrhosis 4.64 HCC Hepatocellular carcinoma, HBV hepatitis B virus, CI confidence
Platelets (><104/m.m8) >14 1 0.05-0.96  0.045 interval, HBe Ag hepatitis B e antigen, HBV hepatitis B virus, AST
(<14/>14) <14 476 as?artatc gr{d{xotrénsferase, ALT alanine .ami.notran.sfcrasc, Alb albu-
min, VR initial viral response, MVR maintained viral response
MVR Negative 1 1.09-6.56  0.032

Positive 0.37

HCC Hepatocellular carcinoma, HBV hepatitis B virus, CI confidence
interval, M VR maintained viral response

Cumulative incidence of HCC development according
to effectiveness of treatment (MVR vs. non-MVR)

Figure 2a shows the Kaplan—Meier curve of cumulative
HCC incidence in all HBV-infected patients treated with
LAM according to the effectiveness of treatment (MVR vs.
non-MVR). The cumulative carcinogenesis rate for MVR-
positive patients was 2% at 3 years, 4% at 5 years, and 6%
at 7 years. On the other hand, the cumulative carcinogen-
esis rate for MVR-negative patients was 5% at 3 years,
13% at 5 years, and 16% at 7 years. MVR during LAM
significantly suppressed the cumulative HCC incidence
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compared with non-MVR in all HBV-infected patients
(p = 0.035).

Figure 2b shows the Kaplan-Meier curve of the cumu-
lative HCC incidence in chronic hepatitis patients accord-
ing to the effectiveness of treatment (MVR vs. non-MVR).
The cumulative carcinogenesis rate for MVR-positive
patients was 0% at 3 years, 0% at S years, and 2% at
7 years. On the other hand, the cumulative carcinogenesis
rate for MVR-negative patients was 2% at 3 years, 4% at
5 years, and 6% at 7 years. MVR during LAM did not
significantly suppress the cumulative HCC incidence
compared with non-MVR in the chronic hepatitis patients
(@ = 0.144).

Figure 2¢ shows the Kaplan-Meier curve of the cumu-
lative HCC incidence in cirrhosis patients according to
the effectiveness of treatment (MVR vs. non-MVR).
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Fig. 2 Cumulative incidence of development of HCC according to
the effectiveness of treatment (MVR vs. non-MVR). a All cases;
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The cumulative carcinogenesis rate for MVR-positive
patients was 8% at 3 years, 14% at 5 years, and 14% at
7 years. On the other hand, the cumulative carcinogenesis
rate for MVR-negative patients was 18% at 3 years, 40% at
5 years, and 44% at 7 years. MVR during LAM signifi-
cantly suppressed the cumulative HCC incidence compared
with non-MVR in the cirrhosis patients (p = 0.029).

Relationship between IVR and MVR

Maintained viral response (MVR) was achieved by 142
(48%) of the 293 patients enrolled in this study. IVR was
achieved by 204 (79%) of the 259 patients who were
examined for IVR. The relationship between IVR and MVR
is shown in Fig. 3; 60% (122/204) of the IVR-positive
patients achieved an MVR, while only 16% (9/55) of the
IVR-negative patients achieved an MVR (p < 0.001). The
LAM-resistant YMDD mutant virns was found in 149
(51%) of all patients during follow-up, and in 52% (107/
204) of the IVR-positive patients, a finding which was
nearly equal to that for the IVR-negative patients (51%,
28/55). Among the IVR-positive patients, the MVR rate
was lower in patients with the YMDD mutation, compared
with that in those without the YMDD mutation (44%,
47/107 vs. 77%, 75/97, p = 0.016), while the MVR rates
were low in the IVR-negative patients, irrespective of their
YMDD mutation status (with and without the mutation, 15
vs. 18%, respectively). ADV was added to LAM treatment
for 73 (68%) of the 107 IVR-positive patients with the
YMDD mutation and 20 (36%) of the 55 IVR-negative
patients with the YMDD mutation. However, MVR was
only achieved at the low rates of 33% (24/73) for the former
patients and 20% (4/20) for the latter.

Discussion

Lamivudine treatment has been shown to improve the liver
histological findings in patients with HBV-infected liver
disease by reducing the HBV load and stabilizing inflam-
matory activity [16-18]. One report has shown that LAM
effectively reduced the incidence of HCC in patients with
chronic hepatitis B, but the study only compared LAM-
treated patients with non-treated patients in a matched case-
controlled study [19]. However, there have been few detailed
reports about the relationship between virological response
and HCC development in HBV-infected patients during
LAM treatment. In the present study, we retrospectively
examined the incidence of HCC to clarify the indicators of
LAM therapy, including median HBV-DNA levels, for
reducing the risk of HCC in HBV-infected patients.
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