Hepatology Page 44 of 45

A
(ngiml) (mAU/ml)
1000001 10000004 o
10000+ ° 160000 -
o ° =  10000- ¢
1000+ e © ® p ° e
e : ®
% &, o6 e : e g 1000 .Q. & N
1004 %@ %P o = i ‘s ° o
P ° 1004 e, o % N
0de wg % % o o ©° 800 2 ®
: & o0 ] 104 Cg¥v @ e ©0
L3 XY
1 T T v 1 T T Y
0 5 10 151%) 0 5 10 15(%%)
Peripheral TEMs Peripheral TEMs
B
100 100
080
LA
oin
5 o 0,60
3 £ om0
% :‘E; 040
2 2
o —— TEMs
020 e PIVKA-II
o A p T AFP
————— ANG-2
O ] 0.00 =TT CENS M e By e e ae e e v
.20 0.60 .80 100 w00 0.20 0.40 0.50 0.8¢ 1.00
-specificity 1-specificity

Fig. 5: Frequency of TEMs is superior as a diagnostic for HCC to common tumor markers or angiogenesis
factor.
A. Correlation between TEM frequency and AFP (n=87) or PIVKA-II (n=81) was analyzed using Pearson’s
correlation coefficient. P = 0.45, R2.= 0.007 or P = 0.27, R2 = 0.02, respectively.

B. ROC analyses were performed in order to assess the diagnostic value of TEM frequency for differentiating
HCC (n=89) from chronic liver disease (CLD, n=79) or liver cirrhosis (LC, n=30). The left panel shows the
diagnostic value of TEMs, PIVKA-II, AFP and angiopoietin-2 (ANG-2) for HCC from CLD and the right panel

shows those for HCC from LC, respectively.
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Supplementary figure 1: Frequency of TEMs is comparable in HCC patients regardless of etiology.

The frequencies of peripheral TEMs are shown for HCC patients with or without HCV infection (n=89 and
n=26, respectively). The group without HCV infection included patients with HBV infection or those without
HBV nor HCV (HBV-HCC and Non-B, Non-C [NBNC] HCC patients). n.s., not significant by Mann-Whitney
non-parametric U test.
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Supplementary figure 2: Peripheral frequency of TEMs is not related to the overall survival in patients with
HCC.
In patients with HCC who underwent RFA or the operation, the overall survival rate after the treatment was
“ compared between those with TEMhigh (frequency of TEMs=2.75; n=45) and TEMlow (frequency of TEMs <
2.75; n=44) using the Kaplan-Meier method, with the log-rank test for comparison. TEMhigh and TEMiow ,
see Table 2. P=0.36
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Supplementary figure 3: All plots indicate the correlation between TEM frequency and VEGF, ANG-2,
SVEGFR-1 or MIF. The numbers of patients examined were 32, 37, 23 and 31, respectively. Analyses were
based on Pearson’s correlation coefficient.
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HBV has two enhancer (En) regions each of which promotes its own transcription. En II regulates
production of pregenomic RNA, a key product of HBV replication, more strongly than En 1. Although
IFN-a has been found to suppress En I activity, its effect on En II activity has not been examined. Here
we used luciferase assay to demonstrate that IFN-o suppresses En I activity. Analysis with several
deletion/mutation constructs identified two major segments, nt 1703-1727 and nt 1746-1770, within
the En II sequence as being responsible for the suppressive effects of IFN-o. Pre-treatment with protein

Keywords: kinase C (PKC) inhibitors blocked this effect regardless of the expression levels of phospho-STAT1 and
HBY Mx upon IFN-o stimulation. These results indicate that IFN-o suppresses En II activity via the PKC
;E;‘tle‘la_g‘;zgi pathway, which may be an alternative suppressive pathway for HBV replication. (136 words).

Protein kinase C

© 2012 Elsevier Inc. All rights reserved.

Introduction

Hepatitis B virus (HBV) causes acute and chronic hepatitis in
humans, and chronic infection is closely associated with the devel-
opment of liver cirthosis and hepatocellular carcinoma (Lok and
McMahon, 2009). HBV has a partially double-stranded 3.2-kb DNA
genome (relaxed circular (RC) DNA) in its nucleocapsid. When HBV
invades host cells, RC-DNA is converted into a plasmid-like covalently
closed circular DNA (cccDNA) inside the nucleus. From the cccDNA,
the 3.5-, 2.4-, 2.1-, and 0.8-kb mRNAs are transcribed by cellular RNA
polymerase II (Beck and Nassal, 2007). Among these RNAs, 3.5-kb
pregenomic RNA (pgRNA) serves as the template of reverse transcrip-
tion for synthesis of negative-strand DNA. Thus, transcription of
pgRNA from cccDNA is one of the key steps in HBV replication.

In the HBV genome, there are four promoters (CP, SPI, SPIL and
XP) and two transcriptional enhancer regions. Both enhancers
stimulate transcription from the promoters (Antonucci and Rutter,
1989; Moolla et al.,, 2002; Su and Yee, 1992; Vannice and Levinson,
1988; Yee, 1989). Enhancer [ (En I}, which is located upstream of the
X gene, activates transcription in a relatively cell-independent
manner (Vannice and Levinson, 1988). In contrast, enhancer I (En
Il) (Fig. 1), located just upstream of CP, specifically activates

* Corresponding.author. Fax: +81 6 6879 3629.
E-mail address: takehara@gh.med.osaka-u.ac,jp (T. Takehara).
L T.N. and H.I. contributed equally to this work and share first authorship.

0042-6822/$ - see front matter ® 2012 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.virol.2012.07.002

transcription in hepatocytes (Wang et al, 1990; Yee, 1989; Yuh
and Ting, 1990). Hepatocytes selectively express transcription fac-
tors which activate En II activity, such as HNF1 (Wang et al,, 1998),
HNF3 (Johnson et al., 1995; Li et al., 1995), HNF4 (Guo et al,, 1993;
Raney et al., 1997), CCAAT/enhancer binding protein (C/EBP) (Lopez-
Cabrera et al., 1990, 1991; Yuh and Ting, 1991) and FTF (Ishida et al.,
2000; Li et al,, 1998). This characterizes En Il as a hepatocyte-specific
cis-acting element. A previous report showed that, upon transfection
with HBV genome, human hepatic cells, but not non-hepatic cells,
were able to express pgRNA (Sureau et al., 1986). For this reason, En
I is considered to regulate the production of pgRNA more strongly
than En I (Yee, 1989).

Interferon-o (IFN-a) has been used as an anti-viral agent against
HBV. It suppresses HBV viral load and ameliorates hepatic inflam-
mation (Jonas et al, 2010; Liaw, 2009). Type [ IFN activates the Janus
kinase (JAK) bound to the cytoplasmic domain of its receptor. JAK
phosphorylates transcription factors such as signal transducers and
activators of transcription (STAT) 1 and STAT2. Phosphorylated
STAT1 and STAT2 bind to IFN regulatory factor 9 (IRF9).-These
transcription factors form a complex, [FN-stimulated gene factor 3
(ISGF3). This complex binds to IFN stimulation response element
(ISRE) in the promoter region of various genes, and activates
interferon-stimulated genes (ISGs) (Der et al, 1998). Some of the
ISGs including RNA-activated protein kinase (PKR), 2,5'-oligoade-
nylate synthetases (OAS), and Mx have been shown to possess
antiviral activity. [SG induction by type I [FN is considered to be the
main pathway to suppressing viral replication.
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Fig. 1. Nucleotide sequences of the HBV En Il region. The HBV sequence used in this study was of the adw2 subtype (GenBank accession no. X02763). Numbering of the
HBYV sequence started at the unique EcoRlI site. The underlined sequences represent the transcription factor binding sites mentioned in previous reports.

Type [ IFN has been reported to inhibit HBV En [ and core
promoter activities (Nakao et al., 1999; Romero and Lavine, 1996;
Schulte-Frohlinde et al.,, 2002; Tur-Kaspa et al., 1990). Nakao et al.
demonstrated that IFN-« suppressed En I transcriptional activity
by the binding of ISGF3 to the ISRE-like sequence in En I region
(Nakao et al, 1999). However, there has been no study on the
effect of [FN-a on HBV En II activity. In this study, we demon-
strated that IFN-o suppressed En II activity via activation of PKC.
Notably, STAT1 activation and ISG induction may be dispensable
for [FN-o-mediated suppression of En II activity. This might shed
light on understanding the inhibition of HBV replication by IFN-c.

Results
En IT activity is down-regulated by IFN-«

We constructed a luciferase gene expression vector by inserting
the En Il sequence (nt 1640 to 1771) into pGL4LUC (pGL4LUC-En Ir).
Huh-7 cells were transfected with pGL4LUC or pGIALUC-En II,
treated with or without [FN-¢, and luciferase activities were
evaluated. Insertion of En Il increased the luciferase activity (about
228-fold) (Fig. 2A). IFN-oz down-regulated the luciferase activity of
pGLALUC-En 11, but did not affect that of pGL4LUC (Fig. 2B). This
result suggested that [FN-¢ inhibited the activity of En II, and we
examined the time course of IFN-a-induced suppression of En II
activity. The suppressive effect of [FN-o on En I activity appeared at
3h after administration of IFN-c, peaked at 6-12h, and was
gradually attenuated (Fig. 2C). Next, dose-response analysis showed
that the En I activity was down-regulated by IFN-o in a dose-
dependent manner, with the maximal suppressive effect at 300~
1000 IU/m (Fig. 2D). We also examined the IFN-o-mediated sup-
pression of En Il activity in other hepatoma cell lines, PLC/PRF/5 and
Hep3B. IFN-o significantly suppressed En II activities in both these
cell lines (Fig. 2E). We next assessed whether or not IFN-o regulated
HBV transcription in the HBV genome transfected cells by RT-PCR.
HBV-RNA levels were significantly reduced by IFN-« (Fig. 2F). These
results indicate that IFN-o suppresses HBV En I activity as well as
its expression at a transcriptional level.

Both nt 1703-1727 and nt 1746-1770 within the En Il region are
required for suppression of En II activity by IFN-o

To determine the region responsible for the inhibitory effect of
IFN-ot on En II activity, we divided the En II sequence into six
segments (Fig. 3A), and constructed plasmids containing En I

sequences with deletion of each segment (pGL4LUC-En [I-D1~6).
Huh-7 cells were transfected with these deleted constructs,
treated with [FN-o, and then assayed for luciferase activity. None
of the deletions could restore the suppressive activity by [FN-o
(Fig. 3B), suggesting that there are several responsible regions for
the IFN-c-induced suppression of En II activity. Next, we con-
structed plasmids containing four iterations of each segment
within the En II sequence in tandem (pGL4LUC-En II-T1~6) to
examine the contribution of individual short fragments. IFN-a
significantly suppressed the activities of pGL4LUC-En [I-T2, T3, T4,
T5 and -T6 in luciferase assay. Among them, the activities of
pGLALUC-En II-T4 and -T6 showed the largest suppression by [FN-
o (Fig. 3C). On the basis of this result, we constructed a luciferase
reporter vector with deletions of both segment 4 (nt 1703-1727)
and segment 6 (nt 1746-1770) (pGL4LUC-En I11-D4+6). The
activity of this dual-deleted construct did not show a significant
change due to IFN-o (Fig. 3D). These results suggest that both nt
1703-1727 and nt 1746-1770 within the En I region are required
for the suppression of En II activity by IFN-o.

IFN-oi-mediated suppression of En I activity is dependent on JAK
activation

IFN-induced signal transduction occurs through the sequential
activation of JAKs and STATs (Darnell et al,, 1994). We examined
the role of JAK in the inhibition of En II activity. JAK inhibitor
alone did not affect En Il activity. But the pre-treatment of the
cells with JAK inhibitor completely blocked the suppressive effect
of IFN-o. on En II activity (Fig. 4A). The effect of JAK inhibitor was
confirmed by the reducion of Mx induction in Western blot
analysis (Fig. 4B). This result demonstrates that JAK activation is
necessary for the [FN-a-induced suppression of En II activity.

The PKC pathway is involved in IFN-o-mediated suppression of En II
activity

Previous reports demonstrated that type [ IFN activated
various kinases such as MAPK family members (MEK/ERK and
p38 MAPK) (David et al,, 1995; Goh et al,, 1999), PI3K/Akt (Uddin
et al., 1995), JNK (Caraglia et al., 1999) and protein kinase C (PKC)
(Uddin et al, 2002). Here we examined the involvement of
alternative pathways by pre-treatment with inhibitors for various
kinases, including MEK, p38 MAPK, PI3K/Akt, ]NK and PKC. The
name of each inhibitors and its target kinase is commented in
Table 1. As shown in Fig. 5A, only staurosporine, a PKC inhibitor,
blocked the inhibitory effect of IFN-a, and other inhibitors did
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Fig. 2. Suppression of HBV En II transcriptional activity and reduction of HBV-RNA by IFN-o.. A, B. Huh-7 cells were transfected with pGL4LUC or pGL4LUC-En II or
incubated with or without IFN-c. (100 IU/ml). After 24 h, the activity of firefly luciferase was evaluated. C. Huh-7 cells were transfected with pGL4LUC-En 1], and incubated
with IFN-a (100 JU/ml). Luciferase activities were evaluated at the indicated times. D. Huh-7 cells were transfected with various concentrations (0~1000 1U/ml) of IFN-c for
12 h and luciferase activities were evaluated. E. PLC/PRF/5 cells (left panel) and Hep3B (right panel) cells were transfected with pGLALUC-En 1, and incubated with or
without IFN-a (300 IU/ml). Luciferase activities were evaluated. F. Huh-7 cells were transfected with pHBV1.5, and treated with IFN-a at various concentrations
(0-1000 1U/ml). At 72 h after IFN-« treatment, cells were harvested, and the abundances of HBV-RNA were evaluated by quantitative RT-PCR. The HBV-RNA level of the
IFN-q treated cells was normalized with that of non-treated cells. *p < 0.05. “/control” on the vertical axis means the ratio of luciferase activity of IFN-« treated cells

normalized with that of non-treated cells.

not. Since staurosporine is a PKC inhibitor showing broad-spec-
trum activity (Marte et al, 1994), we also examined other
inhibitors specific for PKC isoforms. Previous reports demon-
strated that [FN-o activated PKC-af and PKC-§ (Pfeffer et al,
1990; Uddin et al,, 2002). Indeed, activation of PKC-o/B and PKC-8
by IFN-a was confirmed by immunoblot analysis (Fig. 5B). Thus,
we examined the PKC inhibitors rottlerin and G86976
(Gschwendt et al., 1994; Martiny-Baron et al, 1993). All PKC
inhibitors blocked the suppression of En II activity by IFN-a
(Fig. 5C). These results suggest that several isoforms of PKC are
involved in the IFN-a-mediated suppression of En II activity. We
also examined STAT1 activation and ISGs induction by IFN-o in
cells pre-treated with these PKC inhibitors using immunoblot
analysis (Fig. 5D). Expression levels of phospho-STAT1 and Mx
differed among these PKC inhibitors. Staurosporine and G86976
slightly diminished the activation of STAT1, but rottlerin did not.
This result suggests that PKC isoforms might not strongly regulate

181

activation of STATI1. Rottlerin, a specific inhibitor for PKC-8,
inhibited the induction of Mx, which agreed with previous
findings (Kaur et al., 2005). Staurosporine and G56976 did not
suppress Mx expression. Taken together, all these PKC inhibitors
blocked the suppression of En I activity by [FN-o regardless of the
expression levels of phospho-STAT1 and Mx. These results sug-
gest that STAT1 activation and ISG induction may be dispensable
for the IFN-c-mediated suppression of En II activity. Next, we
examined the effect of phorbol 12-myristate 13-acetate (PMA), a
PKC activator (Castagna et al., 1982; Griner and Kazanietz, 2007).
PMA suppressed En Il activity (Fig. 5E), and PMA stimulation did
not result in STAT1 phosphorylation and Mx induction (Fig. 5F),
suggesting that suppression of En II by PMA is independent of
STAT1 activation and ISG induction. On the basis of these findings,
we conclude that IFN-a suppresses En II activity via the PKC
pathway, which may not involve STAT1 activation and ISG
induction.



T. Nawa et al. / Virology 432 (2012) 452-459 455
A minimal
promoter luciferase gene

1640

12 q
z 1
>
8 = os
<5
3g 0.6 -
Ee
gv 04
o
=3 0.2 4
o 4
IFN-a
1.2 1.2
2
_}B_- 1 £ 1
T = o8 g = o8
<z S 2
@ c 06 w B 06
¢ 9 ¢ c
© 5 = 2
8 = 04 & £ o4
- L
e 3
3 0.2 | 0.2
0 0
- - - - - - - -+ -+
“‘.‘N,a + > +* +* -+ > + IFN-O

Enfi Tt T2 ™ T4 TS T6

Fig. 3. Deletion/mutational analysis to identify the responsive sequence for the suppressive effect of IFN- on En I1. A. Scheme of pGL4LUC-En 1l and six segments defined
within the En Il sequence. The En 1l sequence was integrated just upstream of the minimal promoter of pGL4LUC. B. Huh-7 cells were transfected with the reporter vectors
with deletion of each segment (pGL4LUC-En 1I-D1~6), incubated with 300 IU/ml IFN-« for 12 h, and luciferase activities were evaluated. C. Plasmids containing four
iterations of each segment within En Il sequence in tandem (pGL4LUC-En 1II-T1~6) were generated and luciferase activities were evaluated similarly. D. Plasmid with
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12 ~¢“§ A comment of the inhibitors and its target kinase.
&
2 1 & §\ PD98059 MEK inhibitor
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<3 & & & LY294002 PI3K inhibitor
g5 o6 & & £ Akt-1-1/2 Akt inhibitor
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Fig. 4. Involvement of JAK activation in the IFN-o-induced suppression of En 1
activity. A. Huh-7 cells were transfected with pGL4LUC-En I and treated with JAK
inhibitor (1 pM) for 1 h. The cells were then incubated with IFN-a(150 IUjml) for
12h, followed by luciferase assay. B. Huh-7 cells were pre-treated with JAK
inhibitor for 1 h, and then incubated with IFN-¢(150 1Ufml) for 12 h, followed by
immunoblot analyses to detect Mx protein. *p < 0.05. “/control” on the vertical
axis means the ratio of luciferase activity of IFN-a treated cells normalized by that
of non-treated cells.

Knockdown of a single transcription factor does not influence IFN-u-
induced suppression of En I activity

We anticipated that IFN-« suppressed En II activity by functional
down-regulation of some transcription factor(s) phosphorylated in a
PKC-dependent manner. Among transcription factors which bind
the En Il region, previous reports showed that Specificity Protein 1
(Sp1) (Mahoney et al.,, 1992; Pal et al.,, 1998; Rafty and Khachigian,

2001), Retinoid X Receptor o (RXRA) (Delmotte et al., 1999) and
C/EBP (Mahoney et al, 1992) were inactivated by PKC. Thus, we
examined the En II response to IFN-o after knockdown of these
transcription factors. C/EBP, RXR and Sp1 expression was efficiently
reduced by siRNA (Fig. 6A). We observed no significant change in
the suppression of En Il activity compared with control siRNA
(Fig. 6B). This result suggests that several transcription factors
(including unknown proteins) might be involved in the IFN-¢-
mediated suppression of En II activity.

Discussion
In the present study, we demonstrated that IFN-o suppressed

HBV En II activity. The inhibition by IFN-a of En Il activity could
be blocked by pre-treatment with PKC inhibitors, and this
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Fig. 5. PKC-dependent suppression of En Il activity by IFN-c.. A and C. Huh-7 cells were transfected with pGL4LUC-En I, treated separately with each kinase inhibitor for
1 h. The cells were then treated with IFN-a(1000 1Ujml) for 12 h, and luciferase activites were evaluated. B. Huh-7 cells were treated with IFN-&(1000 1U/m) for 12 h.
Immunoblot analyses were performed to detect phosphorylated PKC-a/f and phosphorylated PKC-8. Quantitative analysis of the expression level of phopho- PKC-«/B and
-§ was performed by using Image]. Each level was normalized with that of IFN-g-non-treated cells. D. Huh-7 cells were harvested at 30 min to detect phosphorylated
STAT1 and at 12 h to detect the expression of Mx after administration of IFN-ct (1000 1UJm), and immunoblot analyses were performed. Quantitative analysis of the
expression level of phopho-STAT1 was performed by using Image}. Fach level was normalized with that of IFN-q-non-treated cells. E. Huh-7 cells were transfected with
PGLALUC-En 11, treated with PMA (100 nM) for 12 h, and luciferase activities were evaluated. F. Huh-7 cells were treated with PMA (100 nM) or IFN-a(1000 1U/m). The cells
were harvested at 30 min to detect phosphorylated STAT1 and at 12 h to detect the expression of Mx, and immunoblot analyses were performed. *p < 0.05. */control” on
the vertical axis means the ratio of luciferase activity of IFN-a/ PMA treated cells normalized with that of non-treated cells.

blocking effect may not involve STAT1 activation and ISG induc- Breitkreutz et al,, 2007; Kikkawa et al,, 1989). IFN-« can activate
tion. The latter, ISG induction via the JAK-STAT pathway, has been multiple PKC isoforms: not only PKC-8, but also PKC-o/p (Pfeffer
considered to be the main mechanism suppressing viral replica- et al., 1990), PKC-¢ (Pfeffer et al., 1991), and PKC- (Srivastava
tion. Our findings suggest a pathway for [FN- repression of HBV et al,, 2004). Despite the variety of PKC isoforms, most phosphor-
transcription other than ISG induction. ylate similar sequences (Breitkreutz et al, 2007). Both the

PKCs are involved in a wide variety of cell functions and signal PKC-t/B inhibitor (G86976) and PKC-3 inhibitor (rottlerin)
transduction pathways regulating cell migration and polarity, blocked the inhibitory effect of IFN-o. on En II activity. Thus, it
proliferation, differentiation and cell death (Nishizuka, 1988). In was speculated that each PKC isoform might be similarly involved
the PKC family, there are at least ten isoforms which can be in suppressing of En I activity.
divided into three sub-groups based on their structural charac- Other studies have examined the role of the PKC pathway in
teristics and cofactor requirements. These include the classical HBV replication. Kang et al. (2008) reported that PKC-mediated
PKC (¢PKC: o, BI, BIL, and ), the novel PKC (nPKC: 8, & 1 and 9), phosphorylation increased capsid assembly and stability (von
and the atypical PKC (aPKC: ¢ and u/X) (Azzi et al., 1992, Hahn et al, 2011), and von Hahn et al. (2011) reported that the
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Fig. 6. IFN-¢-mediated suppression on En 1 activity with knockdown of C/EBP,
RXR and Sp1. A. Huh-7 cells were transfected with 10 nM siRNA (negative control
or specific for C/EBP, RXR and Sp1). Immunoblot analyses for expressions of C/EBP,
RXR, Sp1 and B-actin were performed at 48 h post siRNA transfection. B. Huh-7
cells were transfected with 10 nM siRNA (negative control or specific for C/EBP,
RXR and Sp1). On the next day, si-RNA treated cells were transfected again with
pGLALUC-En 11. On the following day, these transfected cells were incubated with
IFN-0(1000 IU/ml) for 12 h, and luciferase activities were evaluated. ““/control” on
the vertical axis means the ratio of luciferase activity of IFN-« treated cells
normalized with that of non-treated cells.

pan-PKC inhibitor sotrastaurin did not affect HBV replication. While
the role of PKC in the HBV life cycle is still controversial, our findings
suggest that PKC isoforms activated by IFN-¢ play inhibitory roles in
HBV transcription by down-regulation of En II activity. As von Hahn
et al. reported, sotrastaurin alone did not affect HBV replication. But,
based on our present data about another pan-PKC inhibitor, staur-
osporine, we speculate that sotrastaurin may also block the inhibi-
tory effect-of IFN-o on En Il activity.

We showed that knockdown of a single transcription factor did
not influence the IFN-o-mediated suppression of En II activity,
suggesting that several transcription factors might be involved in
this suppression. We also showed that both segment 4 (nt 1703~
1727) and segment 6 (nt 1746-1770) within the En Il region are
required for the IFN-a-induced suppression of En II activity.
Although these two regions seem to be more important than
the others, all the deleted version of reporter constructs showed
almost completely similar suppression activities (Fig. 3B). We
speculate that there may be some transcription factors which
affect both the segment 4 and 6. Even if one of these regions is
deleted, some factors may affect the other region, and result in
the suppression of En II activity. Further study will be needed to
clarify the mechanism.

Indeed, there are no identified transcription factors which
could bind both segment 4 and 6. Only two transcription factors
(HNF1 and 3) were reported to bind segment 4 (Johnson et al,,
1995; Wang et al, 1998), and there have been no reports
indicating that IFN-o or PKC inactivates HNF1 or 3. We also
examined the expression levels of HNF1 and 3 of the IFN-o
treated and the non-treated cells by RT-PCR. There was no
significant difference in the expression of these transcription
factors between the IFN-o treated and the non-treated cells
{Nawa et al., unpublished data). Thus, we speculate that HNF1
or 3 might not be involved in the [FN-« mediated suppression of
En Il activity. There may be unknown transcription factors in the
PKC pathway.

Previous reports showed that IFN-o. suppressed En [ activity
(Nakao et al., 1999; Tur-Kaspa et al.,, 1990). Nakao et al. (1999)
indicated that this occurred due to the binding of ISGF3 to an
ISRE-like motif within the En I region. However, Rang et al. (2001)
demonstrated that IFN-« reduced HBV-RNA levels derived from
both HBV genome wild type and mutated ISRE-like motifs. This
result contradicted the Nakao's result that the activity of the En I
mutated ISRE-like motif was not suppressed by IFN-a. Schulte-
Frohlinde et al. (2002) reported that IFN-« suppressed HBV core
promoter regulated transcriptional activity, even when the ISRE-
like motif of En I was deleted. The results of Rang et al. and
Schulte-Frohlinde et al. suggest that [FN-o. might suppress the
activity of regions other than En L In the present study, we
demonstrated that [FN-a suppressed En I activity via the PKC
pathway. En II might be one of the candidate regions down-
regulated by IFN-o within the HBV genome,

Since En Il activates viral transcription only in hepatocytes, it
is responsible for the hepatocyte-specific gene expression of HBV.
There had been no study on the effect of IFN-o on En Il activity.
Our study clarified that the PKC pathway is involved in the IFN-g-
mediated suppression of En II activity, but may not involve ISG
induction. Our result should aid in establishing better treatment
with IFN-o against HBV infection. As we could not determine the
molecule which inhibits En II activity by [FN-a, further study is
needed to clarify this molecule and to control hepatitis B by IFN-«
treatment.

" Materials and methods

Plasmids

The HBV sequence used in this study was of the adw2 subtype
(GenBank accession no. X02763). Numbering of the HBV sequence
started at the unique EcoRI site. The En Il region in this study was
defined as nt 1640-1771 of HBV sequence (Fig. 1) (Ishida et al.,
2000). To construct pGL4LUC-En [], a plasmid containing the HBV
En II region, the DNA fragment was amplified with PCR and
inserted between Hind HI and Nhe I site of pGL4 Luciferase
Reporter Vector (pGL4LUC) (Promega, Madison, WI). The PCR
primers were as follows: 5'-CCAAGCTTCTGCCCAAGGTC-3¢ and
5'-CCCGCTAGCAAAGACCTTTAACCTAATCTCCTCC-3'. The constructs
of the En II sequence with various deletions were generated by
modifying pGL4LUC-En II using the QuikChange Site-Directed Muta-
genesis Kit (Stratagene, La Jolla, CA). The constructs containing four
tandem repeats of short fragment in En Il sequence were generated
by inserting duplexes of synthesized oligonucleotides into the multi-
cloning site of pGL4LUC. All of the En II sequences were inserted in
the antisense orientation to evaluate their enhancer activity.

Plasmid pHBV1.5 containing a 1.5-fold-overlength genome of
HBV-DNA (GenBank accession no. AF305422) has been described
previously (Bruss and Ganem, 1991).

Cell lines and reagents

The human hepatocellular carcinoma cell lines Huh-7, PLC/PRF/5,
and Hep3B were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% heat-inactivated fetal bovine
serum (Sigma-Aldrich, St. Louis, MO) in a humidified incubator at
5% CO, and 37 °C. Human natural IFN-o. was kindly provided by
Hayashibara Biochemical Laboratories, Inc. {(Okayama, Japan).

The inhibitors/activators and the final concentrations used
were: JAK inhibitor [ (1 pM), PD98059 (10puM), SB203580
(10 M), LY294002 (10 uM), Akt-I-1/2 (5 pM), staurosporine (10
or 20 uM), rottlerin (5 pM), G66976 (1 uM), SP600125 (10 uM)
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(Calbiochem, San Diego, CA), phorbal 12-myristate 13-acetate
(PMA) (100 nM) (Sigma-Aldrich, St. Louis, MO).

Plasmid transfection and luciferase assay

Huh-7 cells were co-transfected with the firefly luciferase
plasmid and pGL4-RL-tk, an expression vector-of renilla luciferase,
which was used as an internal control, using FuGENE HD reagent
(Roche Applied Science, Indianapolis, IN) according to the man-
ufacturer’s protocol. Activities of firefly luciferase and renilla
luciferase were measured using the Dual-Glo Luciferase Assay
System (Promega, Madison, WI), and then relative luciferase
activity was calculated by normalizing firefly luciferase activity
to renilla luciferase activity.

RNA extraction

Total RNA was isolated from cells using ISOGEN {Nippon Gene,
Tokyo, Japan) according to the manufacturer's protocol. The
isolated RNA was treated with DNase [ (Promega, Madison, WI)
to avoid contamination with transfected plasmid, and then
purified with a mixture of phenol, chloroform, and isoamylalcohol
(pH 7.9), followed by ethanol precipitation.

Western blot analysis

Cultured cells were lysed with a lysis buffer (1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS, and protein inhibitor cocktail
{(Nacalai Tesque), in PBS, pH 7.4). Equal amounts of protein were
electrophoretically separated by polyacrylamide gel and transferred
ontoc PVDF membrane. For immunodetection, the following
antibodies were used: anti-STAT1 antibody, anti-phospho-STAT1
antibody, anti-phospho-PKC-a/B I (Thr 638/641) antibody, anti-
phospho-PKC-8 (Thr 505) antibody, anti-C/EBP antibody, anti-RXR
antibody, anti-Sp1 antibody, anti-B-actin antibody from Cell Signal-
ing Technology (Beverly, MA), and anti-Mx antibody from Abcam
(Cambridge, UK). The signals of phosphorlylated proteins such as
phospho-PKC-o/B, -6 and phospho-STAT1 were analyzed quantita-
tively using image analyzing software (Image]; version 1.45).

Small RNA interference

Stealth Select RNAi specific for STAT1 (HSS 10273) was
purchased from Invitrogen {Carlsbad, CA). Silencer Select siRNA
specific for C/EBP (ID: $2890), RXR (ID: S12386) and Sp1 (ID:
$13319) were purchased from Ambion (Austin, TX). Stealth RNAIi
Negative Control Low GC Duplex (Invitrogen, Carlsbad, CA) was
used as a control for the off-target effect following Stealth Select
RNAi delivery. The transfections were carried out using Lipofec-
tamine RNAIMAX (Invitrogen, Carlsbad, CA) according to the
reverse transfection protocol.

Real-time reverse-transcription PCR

For cDNA synthesis, 1 ug of total RNA was reverse-transcribed
using High Capacity RNA-to-DNA Master Mix (Applied Biosystems,
Foster City, CA). ¢DNA, equivalent to 20 ng RNA, was used as a
template for real-time reverse-transcription PCR (RT-PCR) using
Applied Biosystems 7900HT Fast Real-Time PCR System (Applied
Biosystems, Foster City, CA). mRNA expressions of C/EBP, FTF, HNF1,
HNEF3, and HNF4 were measured using TagMan Gene Expression
Assays and were corrected with the quantified expressions level of
B-actin mRNA. Assay IDs for the genes were as follows: C/EBP
(Hs00269972_s1), FTF (Hs00187067_m1), HNF1 (Hs00167041_m1),
HNF3 (Hs00232754_m1), and HNF4 (Hs01023298_m1).

For the detection of pgRNA and pre-C mRNA, the primers and
the probes were designed as follows according to a previous study
(Laras et al., 2002): the sense primer was 5-TCTTGTACATGTCC-
CACTGTTCAA-3' +(nt 1843-1866); the anti-sense primer was
5-AATGCCATGCCCCAAAGC-3’ (nt- 1890-1909); the probe was
5'-FAM-CTCCAAGCTGTGCCTT -3’ {nt 1869-1884). Since they were
within precore/core coding sequence, only the total abundance of
pgRNA and pre-C RNA could be detected.

Statistical analysis

Data were presented as mean =+ SD. Differences between two
groups were determined using Student’s t-test for unpaired
observations. p < 0.05 was considered statistically significant.
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Hepatocellular carcinoma (HCC) is the fifth most common
cancer and the third leading cause of cancer-related deaths in
the world.’ One of the most prevalent risk factors for HCC is
hepatotropic viruses, such as hepatitis B (HBV) or C (HCV) -
virus.>® In the process of HCC development, the involvement
of tumor-induced immune suppression; i.e, immunoediting,
has been implicated. Regulatory T cells (Tregs) are unique
subsel of T cells, playing essential roles in the maintenance

Key words: HCC, regulatory T cells, FOXP3, CD25, CD127

of immune homeostasis or in the protection of hosts from
virulent infections and cancers. Generally, the existence of
two Lypes of Tregs has been reporled. One is naturally occur-
ring CD47CD25%8" Tregs, which are derived from the thy-
mus and suppress auto-reactive T cells. The other is inducible
or adaptive Tregs, including interleukin (IL)-10-secreting
type-1 regulatory T cells (Trl) and transforming growth fac-
tor (TGF)-B-producing Th3. These are inducible in the
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programmed cell death 1; PD-L1: programmed cell death 1 ligand 1; RFA: radiofrequency ablation; RT-PCR: reverse transcription
polymerase chain reaction; Trl: type-1 regulatory T cells; Tregs: regulatory T cells
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Table 1. Clinical backgrounds of the patients enrolled in the study’

FOXP3-negative regulatory T cells in HCC

Alb (g/db
TNM stage® (1 + I/l + V) - -

3.1 % 0.6%

55/24

!All values except for AFP are expressed as mean * standard deviation. ?p < 0.05 vs. CH (C) group. *Values are expressed as range (median).
“Seventh edition of International Union Against Cancer TNM staging system of HCC.

Abbreviations: HV, healthy volunteers; CH (Q), LC (), HCC {Q), HCV-positive chronic hepatitis, liver cirrhosis and hepatocellular carcinoma; HCC (8),
HBV-positive hepatocellular carcinoma; HCC (NBNC), non-B, non-C hepatocellular carcinoma; ALT, alanine aminotransferase; Alb, albumin; AFP, alfa-

fetoprotein; ND, not determined.

periphery and are endowed with the ability to suppress anti-
gen-specific T cells.” Several reports have shown that natural
Tregs are increased in peripheral blood and/or tumor in
patients with various types of cancer.® In HBV-infected HCC
palienls, an increase in natural Tregs and their suppressor
functions against antigen-specific CTLs has been reported.” A
correlation has been observed between natural Treg fre-
quency and recurrence-free or overall survival of HCC
patients.® However, it is yet to be determined if a distinct
Treg subsel is involved or not in the development of HCC.
The forkhead/winged helix transcription factor, FOXP3, is
acknowledged as a major and specific marker of Tregs, the
cellular expression of which is correlated with suppressive
activities.” However, in the differentiation from naive T cells
to effector/memory T cells, FOXP3 is transiently expressed
bul not suslained, suggesling thal some proportion of
FOXP3” T cells are not regulatory but activated ones.’®
These observations suggest that using FOXP3 as a marker of
functionally regulatory cells would be limited and not suitable
for adaptive Tregs. In recent studies, the expression of IL-7
receptor alpha chain (CD127) was found to be downregu-
lated in Tregs and CD127 expression to be inversely corre-
lated with BOXP3 expression.'** Moreover, CD127-negative
T cells are endowed with suppressive ability irrespective of
their CD25 expression.'® Alternatively, several studies have
shown that CD127 is downregulated on FOXP3™ Trl
cells.**> Due to the lack of specific or appropriate markers
for identification of adaptive Tregs, it is yet to be confirmed
that FOXP3™ T cells are adaptive Tregs. Furthermare, little is
known about the precise roles of FOXP3™ regulatory cells in
the development of HCC. :
In this study, we focused on FOXP3™ Tregs and tried to
elucidate whether or not such cells are associated with the
presence of HCC. To assess the feasibility of FOXP3™ cells as
a therapeutic target for immunological control of HCC, we
tried to clarify the molecular mechanisms of ils induction.

Material and Methods

Subjects

Among chronically HCV-infected patients who had been [ol-
lowed at Osaka University Hospital, we enrolled 184 patients
who were further categorized into three groups according to
the stages of liver disease: chronic hepatilis (CH), liver cir-
rhosis (I.C) and HCC groups. The clinical stage of HCC was
determined according to the TNM classification system of
the International Union against Cancer {seventh edition).
The study protocol was approved by the ethical committee at
the Osaka Universily Graduate School of Medicine. Al enroll-
ment, written informed consent was obtained from all
patients and volunteers. Some of HCC patients in this study
received radiofrequency ablation (RFA) therapy. Indication
for RFA therapy was based on therapeutic guidelines for
HCC promoted by the Japan Society of Hepatology.'® After
the RFA session, the efficacy of tumor ablation or HCC
recurrence thereafter was evaluated by computed tomography
or magnetic resonance imaging scanning. In some of the
HCC patients who underwent surgical resection, cancerous
and adjacent noncancerous tissues were obtained at operation
for further Treg analyses. As controls, 57 healthy subjects
(HS) without history of liver diseases, 27 HCC patients with
HBV infection (HBV-HCC group), those without HBV and
HCV (non-B-, non-C [NBNC]-HICC group). The clinical
backgrounds of the subjects are shown in Table 1.

Frequency analyses of peripheral and

liver-infiltrating Tregs

Peripheral blood mononuclear cells (PBMCs) were stained
with a combination of various fluorescence-labeled anti-
human mouse or rat monoclonal antibodies (mAbs) as
reported previously (17). The mAbs for CD4, CD25, CD127,
FOXP3 and IL-10 were purchased from Becton Dickinson
Biosciences (San Jose, CA). Fresh liver specimens were
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washed twice with phosphate-buffered saline and were diced
into 0.5 mm pieces. After these pieces were passed through a
nylon mesh, liver-infiltrating lymphocytes were isolated by
Ficoll-TIypaque density gradient centrifugation. These cells
were stained with fluorescence-labeled Abs as performed for
PBMC. For the analyses of FOXP3 and IL-10, we performed
intracellular staining using a human FOXP3 staining kit (BD
Biosciences) according lo the manufacturer’s instruclions.
The stained cells from PBMC or liver were analyzed by
FACS Canto (BD Biosciences) and Cell Quest software.

Functional analysis of regulatory T cell subsets

To oblain live Tregs for (unctional analyses, we collected four
populations of CD4™ T cells according to the patterns of
CD25 and CD127 expressions by FACS Aria (BD Biosciences).
We cocultured various numbers of sorted cells with 1 x 10°
allogenic naive CD4*CD25™ T cells in the presence of agonis-
tic anti-CD3 and anti-CD28 Abs (BD Biosciences Pharmin-
gen) on 96-well flat-bottom plates (Corning, Corning, NY) for
5 days. The proliferation of cells was assessed by incorporation
of [3H]-thymidine. To clarify the suppression mechanism by
Tregs, the cells were cultured with or without separation by
transwell inserts (pore size 0.4 um, Corning). Alternatively in
some experiments, the cells were cullured in the presence or
absence of neutralizing 10 ng/ml anti-IL-10 or anti-TGF-§
Abs (R&D Systems, Mckinley, MN) or isotype IgG.

To examine regulatory cells possess suppressive {unclion
on recall antigen-specific CD4™" T cell responses, we cocul-
tured 1 x 10* each of sorted cells from some HCC patients
with 1 x 10° autologous CD4™ T cells in the presence or ab-
sence of 20 ug/ml of tetanus toxoid (Sigma) for 5 days,
stimulated with 10 IU/ml of recombinant human IL-2 (BD
Pharmingen). The proliferation of cells was assessed using
WST-8  (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl) -5
-(2,4-disulfophenyl)-2H-tetrazolium, monosodium sall) rea-
gent in the Cell Counting Kit-8 (Dojindo, Japan) according
to the manufacturer’s instructions.

Real-time RT-PCR

To analyze gene profiless of Tregs, we collected
CD4™CD25"8""CD127~ and CD47CD257CD127” T cells
using FACS Aria. Extraction of total RNA and subsequent
real-time reverse transcription polymerase chain reaction
(RT-PCR) was performed as reported previously with some
modifications.’””  Assays-on-demand primers and probes
(Applied Biosystems, Foster City, CA) were used to quantify
FOXP3, cytotoxic T-lymphocyte antigen 4 (CTLA-4), gluco-
corticoid-induced TNE receptor family-regulated gene
(GITR), lymphocyte-activation gene 3 (LAG3), IL-21, pro-
grammed cell death 1 (PD-1) and c-masculoaponeurotic fi-
brosarcoma (c-Maf) expression. The expressions of molecules
were given as the relative values to the calibrator samples. To
standardize the amount of total RNA, we quantified B-actin
mRNA from each sample as a control of internal RNA and
corrected all values with this.
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Induction of CD4¥CD257CD127 FOXP3~

T cells from PBMC

To clarify the molecular mechanisms of Treg induction, we
cultured 1 x 10° naive CD47CD257T cells with 1 x 10 au-
tologous monocyte-derived dendritic cells (DCs) and mito-
mycin C (Sigma-Aldrich, St. Louis, MO)-treated 1 x 10°
HCC cell lines, ITuh7 or 11epG2 (AmericanType Culture Col-
lection, Manassas, VA) on 24-well flat-bottom plates for 5
days. Monocyle-derived DCs were generated from CD147
cells as reported previously."® On days 2 and 4 of the cocul-
ture, recombinant human IL-2 (10 TU/ml), IL-10 (20 IU/ml)
and IL-15 (20 IU/ml; BD Pharmingen) were added to the
cells. On day 6, they were stimulated with phorbol 12-myris-
tate 13 acetate (PMA; 1 ng/ml) and ionomycin (1 pmol/l) in
the presence of anti-CD3 mAb (1 ug/ml) and breferdin A (1
pg/ml) (BD Pharmingen). In some experimenls, we separaled
relevant cells by transwell inserts (pore size 0.4 pm) or added
10 pg/ml neutralizing Abs against TGF-B (R&D), HLA-DR
(BD), PD-1 (R&D), programmed cell death 1 ligand 1 (PD-
L1; e-Bioscience) or immunoglobulin-like transcript 4 (IL-T4)
(e-Bioscience) during the culture. Subsequently, the cells were
stained with Abs for CD4, CD25, CD127, FOXP3 and IL-10
and then were subjected to FACS analysis.

Knockdown of PD-L1 and HLA-G genes in HCC

cell lines by siRNA

To confirm the molecules involving Treg induction, we
knocked down PD-L1 and HLA-G genes in Huh7 cells by
means of RNA interference. We used the small interfering
RNA (siRNA) cocktail largeting human CD274 (PD-L1) or
human lenkocyte antigen G (HLA-G), provided by COSMO
BIO (Tokyo, Japan). Transfection of siRNA to Huh7 or
HepG2 cells was performed using lipofeclamine RNAIMAX
(Invitrogen) according to the manufacturer’s instructions. To
assess the efficiency of transfection, we compared the mRNA
expression of target genes before and after the procedure by
real time RT-PCR.

Statistical analyses

The Jonckheere-Terpstra test was used for the analysis of
dose-dependent tendency. The Mann-Whitney nonparametric
U lesl was used lo compare differences in unpaired samples
and Kruskal-Wallis nonparametric tests were used to com-
pare differences among multiple groups, respectively. Fried-
man test with Bonferroni multiple comparison tests was used
to compare differences in paired samples. All tests were two-
tailed, and a p < 0.05 was considered stalistically significant.

Results

CD4* T cells with distinct patterns of CD127 and FOXP3
expression were identified

According to the expression of CD25 and CD127 in CD4% T
cells, we separaled them into four groups: CD25™&“CD127~,
CD257CD1277, CD25"¥“CD127™ and CD25~CD127™ cells,
respectively (Fig. 1a). Most of the CD4'CD25™¢"! CD127~
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Figure 1. CD4TCD25°CD127~ and CD4*CD25MECD127™ T cells are Tregs. (q) CD4™ T cells are separated into four subpopulations:
CD4TCD25MENCD127+, CD4TCD25MEN (D127, CDATCD257CD127+ and CD4ATCD257CD127 cells, respectively. These cells were
examined for FOXP3 expression. The numbers in the histograms depict the percentages of gated cells. Representative plots from three
patients and donors are shown. (b) Sorted CD4¥CD257CD127~ T cells and CDA+CD25"E"+(D127~ T cells obtained from patients and
healthy donors were added at various ratios to allogenic CD4™ T cells stimulated with anti-CD3 and anti-CD28 Abs. After 5 days of culture,
CD4&* T cell proliferation was evaluated by incorporation of H-thymidine. The bars indicate the ratia of counts per minutes (cpm) in various
responders to regulatory cells ratio to those at 1:0. The results are shown as mean -+ SEM of ten patients or donors in each group. The
dose dependency was analyzed by Jonckheere Terpstra test and comparison among the disease statuses was analyzed by Wilcoxon rank
sum test with Bonferroni multiple comparison test. HV, healthy volunteers; CH{C), LC(C), HCC (C), HCV-infected chronic hepatitis, liver
cirthosis or hepatocellular carcinoma, respectively.

Int. ). Cancer: 131, 2573-2583 (2012) © 2012 UICC

- 190 -



Kakita et al.

cells express FOXP3 (>80%). In contrast, the populations of
CD47CD257CDI1277, CD4*CD25"8**CD127% and CD4*
CD257CDI127" lack FOXP3 expression (<10%). These
results show that, except for CD4¥CD25M"~CD127~ cells,
the remaining CD127~ cells lack FOXP3 and CD25 expres-
sion (CD47CD25~CD127 FOXP37).

CD4*CD25""* (D127 cells and CD4*CD25-CD127™ T
cells are suppressors against allogeneic T cells with

distinct mechanisms

To examine which cell populations exert a suppressive
capacity, we added each phenotype of cells separated from the
subjects Lo allogeneic CD4™ T cells. The sorted CD4*CD127"
T cells had no regulatory activities regardless of CD25 expres-
sion (data not shown). In contrast, CD127  cells, either
CD25” or CD25"#" significanily inhibited allogenic CD4™ T
cell proliferation in a dose-dependent manner, at comparable
levels (Fig. 1b). Of note is that their suppressive capacity did
not differ al the single cell level between patients and donors,
regardless of the stage of liver disease (Fig. 1b). In addition,
CD1277 cells are anergic irrespeclive of CD25 expression (Fig.
1b). The suppressive ability of CD4*CD25™8""CD127™ cells
was significantly abrogated by transwells and anti-TGF-B Ab,
suggesling that they work in cell-cell contact-dependent and
TGF-B-dependent manners (Supporting Information Fig. 1).
By contrast, suppression by CD47CD257CD127” cells was
alleviated by anli-IL-10 Ab but not by transwells, showing that
they are contact-independent but IL-10-dependent (Support-
ing Information Fig. 1). These results show that
CD47CD257CDI127 cells possess a suppressive capacity with
distinct machinery from CD4"CD25™8"*CD127~ cells. In the
selling of telanus toxoid-reactive CD4™ T cell response, each
type of cells tended to be comparably suppressive (Supporting
Information Fig. 2).

CD4*CD25™E" (D127 and CD4*CD257CD127~ T cells
display distinct gene profiles

CD4*CD25™"*CD127” and CD47CD257CD127~ T cells
were sorted by FACS Aria and were subjected to real-time RT-
PCR analyses. The expressions of FOXP3, CTLA-4 and GITR
in CD4*CD25™8*CD127~ cells were higher than those in
CD47CD257CD127" T cells, while those of LAG-3, IL-21,
PD-1 and c¢-Maf in CD47CD257CD127~ T cells were higher
than those in CD4*CD25"8"*CD127" cells, respectively (Fig.
2). Thus, these two types of regulatory cells have distinct mo-
lecular profiles. As we described in the previous sections,
CD47CD257CD127  cells with regulatory capacity lack
FOXP3 expression (Figs. 1 and 2). Thus, we tentatively defined
such cells as CD25 FOXP3™ Tregs in the following parts.

CD25"FOXP3™ Tregs are increased in HCC patients and
their increments are associated with cancer progression
We compared the frequency of Treg subsets among healthy
donors and TICV-infected patients. In ICC patients,
CD25"FOXP3~ Tregs or CD4' CD127~ CD25™"" FOXP3'
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cells (CD25M8""FOXP3~ Tregs) frequency in the periphery
was significantly higher than those in other groups (Fig. 3a).
The frequency of each type of Tregs is not correlated with
HCV quantity (Supporting Information Fig. 3). These results
show that the increase in CD25"FOXP3~ or
CD25™8" FOXP3* Tregs is correlated with the development
of liver cancer, but not with HCVRNA titers. Such increment
of peripheral Tregs is also observed in HBV-HCC or NBNC-
HCC patients (Fig. 3a).

Next, we compared the frequency of Tregs between PBMC
and liver-infiltrating lymphocytes in HCC palients. Both
CD25 FOXP3™ and CD25™" FOXP3" Tregs are detected in
liver-infiltrating Iymphocytes, and CD257FOXP3™~ Tregs are
higher in tumor-infiltrating lymphocytes than those in nontu-
mor-infiltrating and circulating lymphocytes (Fig. 3b). These
results demonstrate that CD25”FOXP3™ Tregs increase both
in the liver and in the periphery in paralle] with the develop-
ment of cancer.’ )

We serially examined the {requency of CD25 FOXP3™ Tregs
and CD25"8""FOXP3™ Tregs before and after RFA therapy.
The CD25"FOXP3™ Tregs frequency dramatically decreased al-
ter successful HCC ablation and further subsided in patients
without intrahepatic recurrence (Fig. 4z). In clear contrast, in
patients with subsequent HCC recurrence, CD25 FOXP3~
Tregs increased before apparent radiological identification of
HCC (Fig. 4a). Such dynamic frequency changes in parallel with
HCC recurrence were not apparent in CD25"8+FOXP3* Tregs
(Fig. 4b). Therefore, CD25"FOXP3™ Treg frequency is more
closely correlated than CD25™8" FOXP3™ Tregs with the pres-
ence or absence of HCC.

PD-L1, IL-T4 and HLA-G are involved in the induction of
CD4*CD25CD127 FOXP3™ IL-10™ T celis

After the culture of naive CD4™ T cells, DC and Huh7 or
Hep(G2, we found that CD47CD257CD127 FOXP3™ cells pro-
duce 1L-10 (Fig. 5a), whereas CD4"CD25"CD127 FOXP3™
cells do mnot (Supporling Informalion Fig. 4). Since
CD4"CD257CD127" cells use IL-10 as one of suppressor
mechanisms (Supporting Information Fig 1), such IL-107
CD4"CD257CD127 FOXP3™ T cells are functionally compe-
tent CD257FOXP3™ Tregs (Fig. 5a). In culture, the frequency
of IL10™ CD25 FOXP3™ T cells decrease in the presence of
anti-TGF-B, anti-PD-1, anti-PD-L1 or anti-ILT4 Abs, with the
difference being the most significant with anti-PD-L1 or anti-
ILT4 Abs (Fig. 5b). Next, in the absence of DC or the separation
of T cells from HCC cell lines significantly reduced IL10™
CD25"FOXP3™ T cell induction, whereas separation of T cells
from DC did not change it (Fig. 5¢). These results indicate that
the contact between T cells and HCC cell lines is indispensable
for IL-107 CD25"FOXP3™ T cell inductlion, but the contacts
between T cells and DC or between DC and TICC cell lines are
not, respectively. Similarly, the addilion of anti-PDL1 or anli-
IL-T4 Abs to this culture resulted in suppression of IL-10™
CD25"FOXP3™ T cell induction, regardless of the presence of
Lranswells (Fig. 5¢).
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comparison test. (b)) CD25-FOXP3~ Tregs and CD25ME"+FOXP3™ Tregs are present in tumorinfiltrating tymphocytes of HCC patients.
Lymphocytes from HCC, nontumor liver tissue and PBMC were collected from identical nine HCC patients, and the frequency of
CD25FOXP3™ Tregs and CD25™ME""FOXP3™* Tregs in them was compared. PBMC, peripheral blood mononuclear cells; NIL, nontumor tissue
infiltrating tymphocytes; TiL, tumor-infiltrating lymphocytes. *: p < 0.05; **: p < 0.01, by Friedman test with Bonferroni multiple

comparison test.

~ IL-T4 is expressed on DC and transmits inhibitory signals
after ligation with HLA-G. To confirm that the HLA-G and
PD-L1 expressed in HCC are responsible for IL10T
CD257FOXP3™ T cell induction, we knocked down HLA-G
and/or PD-L1 in Huh7 cells by siRNA and subjected them to
the abovementioned in vitro cultures (Fig. 5d). As a result,
1L10Y CD25 FOXP3™ T cell frequency is significantly
decreased in the presence of siRNA-treated HCC, but not
with mock-transfected HCC (Fig. 5¢). These results demon-
strale that DC and HCC cells are actively involved in TL-10"

Int. J. Cancer: 131, 2573-2583 (2012) © 2012 UICC

CD257FOXP3™ T cell induction, in which PD-L1, IL-T4 and
HLA-G are indispensible.

Discussion

In this study, we focused on CD257FOXP3™ Tregs in HCC
patients, which are distinct from CD25"$**EQXP3* natural
Tregs in cellular phenotypes, genelic profiles and funclional
aspects. We demonstrated that; (i) CD47CD1277CD257 cells
(as defined as CD25"FOXP3™ cells in this study) are
capacity comparably with

endowed with suppressive
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Figure 4. CD257FOXP3~ Tregs increase in parallel with post therapeutic HCC recurrence. In HCC patients who underwent RFA therapy,
frequencies of CD25 FOXP3™ Tregs (a) and CD25ME"*FOXP3™ Tregs (b) in CD4™ T cells are examined serially before RFA sessions and after
confirmation of complete ablation of relevant HCC lesions. Open circles (C)depict the time points without HCC recurrence under CT/MRI
examinations and closed circles (@)are those with detectable HCC recurrence, respectively. Arrows indicate the time points of RFA sessions.

*: p < 0.05 by Friedman test with Bonferroni multiple comparison test.

CD47CD127~CD25"#* cells (CD25™¢**FOXP3™ cells) and
(i) the frequency of CD257FOXP3™ Tregs changes more
dynamically than those of CD25™8*FOXP3* Tregs in corre-
lation with post-therapeutic HCC recurrence.

Extensive studies have been carried out on the role of nat-
ural Tregs in cancer patients, of which are conventionally
defined as CD25™8FOXP3™ T cells. Pharmaceutical depri-
vation of CD257 T cells in vivo were tried to improve
immune reaclivily against cancers; however, mosl of the
study results were unsatisfactory.”**® Such experiences raise
the possibility that the involvement of CD25~ Tregs in the
pathogenesis of certain cancers. In support for this, the exis-
tence of CD25"FOXP3™ Tregs has been reported in mice
and human, in relation to viral infection or cancers*™™ The
comparative roles of CD25™"*FOXP3" natural Tregs and
CD257 Tregs in human diseases are still largely unknown. It
is reported that CD127 expression is inversely correlated with
a FOXP3 and CD127 negative population broadly encom-
passing regulatory cells.'™" Several investigators reported
that CD127 expression on T cells is aberrantly regulated with
regard to their functional relevance®*?® Taking these findings
into consideration, we aimed to identify distinct type of Tregs
in CD4*CD127~ population. Consequently, we found a func-
tional regulatory subset in CD4*CD257CD127~ T cells,
which differ from CD4*CD25"8CD127~ Tregs in molecu-
lar profiles and inhibilory mechanisms. The profile of
CD47CD257CD1277 T cells is quile unique; they express
more LAG-3, IL-21, c-Maf and PD-1 but less FOXP3, CTLA-
4 and GITR than CD4° CD25"8" CD127~ Tregs do. In sup-

porl of our resulls, Pot et al. reported that 11.-27 induces IL-
21 and c-Maf, which are critically involved in the differentia-
tion of IL-10-producing Trl.*® As for functional aspects, we
showed that CD4+CD257CD127" cells use IL-10 as suppres-
sive machineries, not completely but in part. Based on these
characteristics, il is likely that CD47CD25~CD127 FOXP3~
cells, as defined as CD25 FOXP3™ Tregs in this study, are
presumed to be aforementioned Trl cells. Such phenotype of
T cells are compalible with Trl-like cells in human, as
reported by Haringer et al'* To confirm that, several addi-
lional examinalions, such as anligen-specilic suppressive
capacity, need to be carried out. Using tetanus toxoid as a
representative of general recall antigens in this. study,
CD47CD257CD127" cells and CD4*CD25high*CD127~
cells tended to be suppressive on autologous CD4™ T cell
proliferation (Supporting Information Fig. 2). Further analy-
sis needs to be performed on this issue, using other sets of
recall antigens.

To therapeutically control Tregs in vivo, extensive studies
have been carried out to disclose the mechanisms of the induc-
tion or attraction of FOXP3™ Tregs,27‘28 Likewise, it is tempt-
ing to consider that CD25"FOXP3™ Tregs depletion would
have a favorable impact on the clinical features of the patients.
Thus, identifying the molecules involved in CD25 FOXP3™,
Treg induction should be carried out for the future develop-
ment of Treg-oriented Lherapeutic approach. For this purpose,
we successfully expanded CD4*CD25~CD127 FOXP37IL10™
cells from naive CD47CD257 T cells. Such cultured cells con-
lained approximately 10% of IL-10" cells, which subsequently
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