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DNA fragments of IRF7 were inserted into the vector pcDNA4/TO/myc-His (Invitrogen). The

xpression plasmids for p50 and p65 were kindly provided by Dr. Rongtuan Lin (Lady Davis
Institute for Medical Research, Baltimore, MD). pcDNA4/TO/myc-His vector (Invitrogen)

used as control for mock transfection.

_C were transfected with /FNA4 plasmids or control plasmids by electroporation using

Pulser Xcell Electroporation System (BIO RAD, Hercules, CA). After 24 h, cells were
d with mock, recombinant IFNa-2b (100 IU/ml) (Schering-Plough) for 24h. IFNA4

ids and JRF7 plasmids or control plasmids were co-transfected into HEK293T cells with
ctamine LTX reagent (Invitrogen) and Opti-MEM medium, according to the

nufacturer’s instructions. Total RNA was extracted and quantified by real-time gqRT-PCR.

2

Luciferase assays. /FNA4 or control plasmids were transfected into HEK293/IL.28B-luc

cells and the cells were treated with IFNa for 24h next day. HEK293/IL28B-luc cells were co-

%gcted with IFNA4 plasmids and IRF7, p50: p65 or control plasmids and incubated for

tran
4h. MTS viability and single luciferase assays were conducted by 1420 Multilabel Counter

MX, PerkinElmer, Boston, MA) using a CellTiter 96 AQueous One Solution System

L

romega, Madison, WI) and a Bright-Glo Luciferase Assay System (Promega), as previously

iree SNPs near the IL.28B gene (158099917, rs12979860, and ss469415590) were genotyped.

%’Ihewggmber of patients with each genotype is shown in Table 1. In agreement with a recent
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report from the HapMap Project in Asia [21], the genotype of $s469415590 was completely
. BN

Pﬁl\@@C We assessed the relationship between the expression level of the /FNAs and the

rolog1cal response to PEG-IFNa/RBV therapy. At baseline, there was no significant
dlfference in IFNAs expression between the SVR, relapser, and NR patients (data not shown).

On the other hand, the induction of IL28B expression by IFNa and poly(I:C) decreased with

the pa%ﬁents’ response to therapy (Fig. 2A). The mRNA levels of NR patients were
significantly lower than those for relapsers (p = 0.04) as well as VR (p=0.005). The induction

29 expression of NR patients were lower than those for VR (p=0.048). In contrast, the
DY

= nduction of IL284 did not reveal any association between mRNA levels and treatment

% genot e, it was significantly lower in NR than in VR patients in both rs12979860 CC and
’%’%‘%@@*

g@CT/% subgroups (p = 0.01 and 0.02, respectively) (Fig. 2B).

~phG. T%FN o/RBV therapy or triple therapy (p=0.017). IL28B inductions in non-SVR were also
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lower than those in SVR of triple therapy (3.5 vs 12.1 fold induction). IL28A inductions in

were also si

ificantly lower than those in SVR (p=0.042) (Fig.

ImQact of IL28B genotype and induction on 7/FNA4 mRNA expression. We measured
o

« e full length mRNA sequence of JFNA4 in poly(I:C)-treated HepG2, HelLa, HEK293T cells,

v%i%
and BLC from $s469415590-AG/A G patients by amphcon sequencing (Supplementary Figs.

1B,0).

no significant relation between IFNA4 expression and the induction of /L284 and IL29

%%né IL28B-favorable patients.
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Association between /FNJ4 expression and clinical response to antiviral therapy. The

g
1noreased by IFNa (1.8 fold induction, p=0.012) but that induction was suppressed in the

prexsg%lce of IFNA4 (1.2 fold mductlon p=0.28) in BLC. As IL28B promoter is known to be

4
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Earlier studies reported the lower production of /L28B in blood cells of IL28B-unfavorable

CHC patients [5, 27]. However, the relationship between /L28B genotype and expression

mportantly, the degree of /L28B induction was positively correlated to the

,ﬁ,siveness to PEG-IFNo/RBYV therapy.

findings are consistent with a previous study showing ex vivo induction of /L28B by

F . Y . : : . ,
" detection limit of this RT-PCR system in these patients. However, it is important to mention
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PBMC:s is responsible for the non-response to IFNa treatment through suppression of IL28B

~STAT?2 phosphorylation [21]. [FNA4 may pre-activate IL28B promoter through ISRE

activation, and moreover, it may influence NFxB-induced promoter activity by unknown

3

chanism. Our in vitro data support our observation in the clinical samples, and suggest that

the expression of IFNA4 in immune cells of /L28B-unfavorable CHC patients may weakly

induce basal /L28B expression, which may be insufficient for HCV eradication [32]. But it

may prevent additional induction of /L28B by exogenous IFNa treatment through impairment
f IL28B promoter activity. The molecular mechanism by which /FNA4 suppresses IL28B
induction and promoter activation should be further investigated, although /FFNA4 may

ve important functions affecting IFN regulation [20, 33, 34].

The lower induction of IL28B might be caused by the decrease of the frequency of IFNAs

]

their experiment, large volumes of blood samples (i.e., 400 ml) were required to sort very

all populations of BDCA3+DC (0.054% of all PBMCs), but obtaining such a large amount

20141225
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of blood per patient was ethically impossible in our study. We also considered that JFNA4

levels might be higher when analyzed in those specific IFNA producer cells.

conclusion, the induction of /L28B mRNA expression by ex vivo stimulation with IFNa

nd-poly(I:C) in PBMCs was significantly associated with virological responsiveness in CHC

nts treated with IFNa-based therapy. The impaired induction of /L28B was associated

he expression of /JFNA4, generated by unfavorable dinucleotide polymorphisms near the

% L28B gene. These data improve our understanding of IFN resistance and may lead to the

ypment of new antiviral therapies targeting the IFNA induction system.

. §

IFNM plasmid, Dr. Rongtuan Lin for p50 and p65 plasmid and to Dr. M. Hijikata for HuS/E-

2 cells.
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igure legends

. 1. Comparison of IFNJs expression levels between chronic hepatitis C patients with
1"29*;79860 CC or CT/TT. (a) Baseline mRNA levels of /L29, IL28A, and IL28B in PBMCs
expf sed relative to the internal control (/int.cont.). (b) Fold changes in /.29, IL284, and
IL28B, expression in PBMCs stimulated for 8§ h with poly(I:C) (10 pg/ml) after a 12-h

1 pretreatment with IFNa-2b (100 IU/ml). Columns represent means = SEM.

Impact of IFNJs expression levels on therapy response in chronic hepatitis C
aitients. Fold changes in /129, IL28A4, and IL28B expression in PBMCs stimulated with

%:Zb and poly(L:C). IFNAX induction levels were compared between (a) SVR (sustained

virological responders), relapsers, and NR (non-virological responders) for peg-IFNo/ RBV
3

herapy. (b) VR (virological responders) and NR in patients with distinct IL28B

P/

979860 CC or CT/TT). The IL28B-unfavorable (CT/TT) group were subdivided into

undet%ctable (—) or detectable (+) IFNA4 mRNA patients. (a) Baseline expressions of IL29,

AL284, and IL28B in PBMC. (b) Fold changes in 1129, IL284, and IL28B expression in

-
E

PBMCs stimulated f with IFNa-2b and poly(I:C). (¢) Virological non-response rates for PEG-

IFNao/ RBV therapy. Columns represent means = SEM.
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Fig. 4. Manipulating /FN/4 expression regulates /L28B induction and promoter activity.

inductions of /L28B mRNA in BLCs transfected with /FNA4 and treated with IFNa

/ml). (b) Fold inductions of /L28B mRNA in HEK293T cells co-transfected with JFNA4
sand H}F7 (control, 100ng, 500ng, 1000ng). Induction rates were expressed as fold change

e to control-transfected cells. (¢) Fold inductions of /L28B promoter activity in

EK293/1L.28B-Luc cells transfected with IFNA4 and treated with IFNa (0, 10, 100, 1000
) (d, e) Fold inductions of /L28B promoter activity in HEK293/IL28B-Luc cells co-
tra@i?cted with IFNA4 and (d) IRF7 (control, 200ng, 500ng) or () p50:p65 (control, 200ng).

Luciférase activities and cell viabilities were expressed as fold change relative to untreated or
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Table 1. Characteristics of patients analyzed for IFNA expression levels.

(n = 50)

64 (29-79)

Sex, n (%) male/female 19 (38) / 31 (62)
ALT m;%ian (range), IU/L 22 (5-157)

, yefgﬁ"% dian (range), 1U/L 23 (10-343)
edian (range), mg/dL 100 (38-169)

lobin median (range), g/dL 13.4 (9.3-16.8)

15.5 (5.2-23.6)

28 (70) / 12 (30)

6.8 (4.8-7.6)

15 (30) / 21 (42) / 14 (28)

wild / mutant / ND 18 (36) / 18 (36) / 14 (28)

ISDR substitutions, n (%)*

26 (52) /6 (12) / 18 (36)
27 (54) / 23 (46)
24 (48) 1 26 (52)

24 (48) / 26 (52)

18 (36) / 14 (28) / 18 (36)

e amino acid (aa) 70R and 91L are considered wild type, while substituted amino acids are considered mutants.
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Changes in Plasma Vascular Endothelial Growth Factor at
8 Weeks After Sorafenib Administration as Predictors of
Survival for Advanced Hepatocellular Carcinoma

Kaoru Tsuchiya, MD, PhD'; Yasuhiro Asahina, MD, PhD?%; Shuya Matsuda, MD"; Masaru Muraoka, MD":
Toru Nakata, MD'; Yuichiro Suzuki, MD'; Nobuharu Tamaki, MD"; Yutaka Yasui, MD"; Shoko Suzuki, MD";
Takanori Hosokawa, MD'; Takashi Nishimura, MD, PhD" Ken Ueda, MD": Teiji Kuzuya, MD, PhD"; Hiroyuki Nakanishi, MD,
PhD'; Jun Itakura, MD, PhD"; Yuka Takahashi, MD, PhD'; Masayuki Kurosaki, MD, PhD'; Nobuyuki Enomoto, MD, PhD* and
Namiki Izumi, MD, PhD'

BACKGROUND A new predlctlve blomarker for determmmg progn05|s in patlents with hepatocellular carcinoma (HCC) who recelve
sorafenib is requxred because achlevmg a reduction in tumor size with sorafenib is rare; even in patlents who have a favorable prog-
nosis. Vascular endothellal growth factor (VEGF) receptor isa sorafenlb target In the current study, the authors examined changes in
plasma VEGF concentratrons during sorafemb treatment and determmed the cllmcal sngmﬁcance of VEGF as a prognostlc mdrcator in_
patlents with HCC. METHODS: Plasma VEGF concentratrons were serlally measured in 63 patlents wnth advanced HCC before and
durlng sorafenlb treatment. A plasma VEGF concentratlon that decreased >5% from the pretreatment level at 8 weeks was defined”
‘as a “VEGF decrease.” An objectrve tumor response was determmed ‘using: modified Response Evaluatron Criteria in Solid Tumors 1
month aﬁ:er the mltlatlon of therapy and every 3 months thereafter RESULTS Patients who had a VEGF decrease at week 8 (n =14)
had a Ion' er medlan survxval than th who dld not have a VEGF decrease (n~49 30.9 months vs l44 months P=.038). All
patlents who had a VEGF decrease survuved for >6 months and the pat!ents who had both a VEGF decrease and an a-fetoprotem
i response (n=6) survrved durlng the observatlon perrod (medlan 19.7 months; range, 6 5-31.0 months) In umvanate analyses a VEGF
decrease radlologlc ﬁndxngs classrfled as progresswe dlsease and major vascular invasion were assocnated significantly with 1-year
survrval and in multlvarrate analys:s a VEGF decrease was identified as an |ndependent factor assocxated srgmflcantly with survival.
'CONCLUSlONS A plasma VEGF concentratlon decrease at '8 weeks after startlng sorafenlb treatment may predlct favorable ‘overall
‘survival in patlents ‘with advanced HCC, Cancer 2014 120 229 37.0 2013 The Authors Cancer publlshed by ‘Wiley Perlodlcals Inc. on
behalf of Amerlcan Cancer Socxety Th[s IS an open_ access artrcle “under. the ‘terms’ of the ‘Creative Commons ‘Attribution-
NonCommercxal NoDerrvs Llcense which permlts use and d[strlbutron in.any medlum provrded the orlglnal work rs properly crted
the use |s non- commercral and no modlflcatlons’ or adaptatlons are made :

: antlanglogemc therapy, biomarker hepatocellular carcmoma, prognosrs o fetoproteln

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary malignancy of the liver (70%-85%) and a major cause of
mortality. It is the fifth and seventh most frequent cancer and the second and sixth most frequent cause of cancer death in
men and women, respectively.' At early stages or at Barcelona Clinic Liver Cancer stage A, a 5-year survival rate of 60% to
70% can be achieved in well selected patients with HCC who undergo surgical therapies (liver resection or transplanta-
tion) or locoregional procedures (ie, radiofrequency ablation).? However, treatment of advanced HCC that is not amena-
ble to surgical or locoregional therapies remains a challenge in clinical practice.

Sorafenib is an oral, small-molecule tyrosine kinase inhibitor that blocks the synthesis of several intracellular proteins
considered to be important for tumor progression, including the platelet-derived growth factor receptor beta, raf kinase,
and the vascular endothelial growth factor (VEGF) receptor. VEGF is a homodimetric glycoprotein with a molecular
weight of 45 kDa. The VEGF family includes VEGEF-A, VEGF-B, VEGF-C, VEGEF-D, and a structurally related mole-
cule: placental growth factor. Three high-affinity VEGF tyrosine kinase receptors (VEGFRs) have been identified:
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VEGFR-1, VEGFR-2, and VEGFR-3. VEGFR-2 is the
principal receptor that promotes the proangiogenic action
of VEGF-A and has been the principal target of antiangio-
genic therapies, although additional studies have under-
lined the importance of signaling through VEGFR-1.In 2
phase 3, placebo-controlled, randomized trials, sorafenib
treatment significantly improved the time to tumor pro-
gression (T'TP) and overall survival (OS) of patients with
advanced HCC.>* In those trials, however, no statistically
significant pretreatment factors that predicted responses
after patients started receiving sorafenib were identified.’
Therefore, in clinical practice, it is extremely important to
identify a predictive post-treatment biomarker that is
associated with the treatment efficacy of sorafenib and the
prognosis of patients after they start receiving sorafenib.

In general, the efficacy of treating solid tumors with
systemic chemotherapy agents is assessed by radiologic
findings. In 2010, Lencioni and Llovet published a modi-
fication of the Response Evaluation Criteria in Solid
Tumors (RECIST).® However, the modified RECIST
can be used only for typical HCC. Advanced HCCs often
have atypical vascular patterns; therefore, evaluating tu-
mor response to sorafenib is difficult with radiologic find-
ings alone. Alternatively, a-fetoprotein (AFP) is the most
popular tumor marker for HCC, and it has been reported
that early AFP responses are a useful surrogate marker for
predicting treatment response and prognosis in patients
with advanced HCC who receive cytotoxic and antiangio-
genic agents.7'9 However, approximately 30% of patients
with advanced HCC in the Sorafenib HCC Assessment
Randomized Protocol (SHARP) trial had normal AFP
concentrations.'® Therefore, the identification of a new
biomarker that can complementarily predict the efficacy
of sorafenib and the prognosis of patients is necessary.

In a mouse model, an increase in hepatic VEGF levels
was observed at 24 hours, 72 hours, and 120 hours after the
administration of sorafenib,'’ suggesting that a change in
VEGEF levels may also occur during sorafenib therapy in
humans. Therefore, we evaluated plasma VEGF changes
during sorafenib treatment in patients with advanced HCC
to determine whether VEGF has potential as a new bio-
marker for the prediction of treatment efficacy and progno-
sis after sorafenib administration.

MATERIALS AND METHODS

Patient Selection

Between December 2009 and August 2012, 95 consecu-
tive patients with advanced, inoperable HCC received
treatment with sorafenib at Musashino Red Cross
Hospital. The diagnosis of HCC was based on guidelines
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established by the Liver Cancer Study Group of Japan'?
and the American Association for the Study of Liver Dis-
eases'? or by pathologic examination. According to these
guidelines, a diagnosis of HCC is confirmed by histology
or by characteristic radiologic findings, such as typical ar-
terial enhancement of the tumor followed by a washout
pattern in the images in the portal venous phase or the
equilibrium phase on dynamic spiral computed tomogra-
phy (CT) imaging or contrast-enhanced magnetic reso-
nance imaging. Inclusion criteria were predefined as
follows: 1) patients were alive 8 weeks after beginning
treatment; and 2) patients had plasma VEGF and serum
AFP concentrations evaluated at baseline, at 4 weeks, and
at 8 weeks. Of 95 patients, 23 were unavailable for a
week-8 VEGF measurement for the following reasons: 7
patients stopped sorafenib therapy because of erythema
multiforme (grade 2-3) and started other therapies (radia-
tion therapy or cytotoxic chemotherapy) within 1 month
after starting sorafenib, 4 patients moved to another loca-
tion before week 8, 5 patients refused to undergo a plasma
VEGF measurement at week 8, and 7 patients were not
available for obtaining VEGF concentration results.
These 23 patients and 9 other patients who died within 8

‘weelks were excluded from the study. Hence, in total, 63

patients fulfilled the inclusion criteria. At enrollment, all
patients had metastatic or locally advanced HCC that was
not amenable to surgery or locoregional therapies, includ-
ing transcatheter arterial chemoembolization (TACE) and
local ablation. Written informed consent was obtained
from all patients, and the ethics committee at Musashino
Red Cross Hospital approved the study in accordance
with the Declaration of Helsinki.

Sorafenib Treatment

The initial daily dose of sorafenib was 800 mg in 28
patients, 400 mg in 28 patients, and 200 mg in 7 patients.
A reduced initial dose was allowed for patients who had the
following factors: advanced age (>80 years), gastrointesti-
nal varices with a risk of bleeding, low body weight (<50
kg), and a poor performance status (>2). In total, 60
patients underwent multiphase-multidetector CT imaging
before starting sorafenib, 1 month after starting sorafenib,
and every 3 months thereafter. Radiologic responses to
therapy were evaluated according to modified RECIST. In
all patients, serial measurements of plasma VEGF and se-
rum AFP concentrations were performed before and after
the receipt sorafenib and every month thereafter, with an
allowance of = 1 week. The endpoint of the current study
was OS. In the follow-up visit after sorafenib administra-
tion, the medication was discontinued if progressive disease
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