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ARTICLEINFO ABSTRACT

Keywords: Lung cancer, COPD and cardiovascular diseases are highlighted as some of the most common disease
Lung cancer that cause mortality, and for that reason are the most active areas for drug development. This perspective
Chronic Obstructive Pulmonary paper overviews the urgent need to develop a health care system for a rapidly growing patient population
Disease in Japan, including forthcoming demands on clinical care, expecting outcomes, and economics. There is
Proteomics an increasing requirement to build on the strengths of the current health care system, thereby delivering
Biomarker urgent solutions for the future. There is also a declaration from the Ministry of Health, Labour and
Mass spectrometry Welfare (MHLW), to develop new biomarker diagnostics, which is intended for patient stratification,
Diagnosis aiding in diagnostic phenotype selection for responders to drug treatment of Japanese patients.
This perspective was written by the panel in order to introduce novel technologies and diagnostic capabilities
with successful implementation. The next generation of personalized drugs for targeted and stratified patient
treatment will soon be available in major disease areas such as, lifestyle-related cancers, especially lung
cancers with the highest mortality including a predisposing disorder chronic obstructive pulmonary disease,
cardiovascular disease, and other diseases. Mass spectrometric technologies can provide the “phenotypic
fingerprint” required for the concept of Personalized Medicine. Mass spectrometry-driven target biomarker
diagnoses in combination with high resolution computed tomography can provide a critical pathway initiative
facilitated by a fully integrated e-Health infrastructure system.We strongly recommend integrating validated
biomarkers based on clinical proteomics, and medical imaging with clinical care strategy supported by e-
Health model. This will help to create personalized treatment paradigms and to reduce mortality and healthcare
costs of chronic and co-morbid diseases in the elderly population of Japan.
© 2010 Published by Elsevier B.V.
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1. Japanese health care Currently, Japan has a low cost functional system with the

current healthcare costs accounting for 8.5% of GDP (or nearly
The elderly population (above 65 years of age) in Japan is 2100 US$ per capita), including 85% contribution by public
currently 21% (27.4 million) reaching 25.2% by 2020, and 40% by
2055. The estimated doubling time (from 7% to 14%) of the 65and 45
older population is calculated to be 26 years, compared to a 75- 40
year doubling time in the US, and presents a unique demo-
graphic shift toward an aging population. In comparison to 35
other countries, Japan is unique, with an overwhelming number 30
of elderly population, which is close to 40%, as predicted by 2050.
This should be compared to the US, where the prediction of the
transition of elderly population is at about the half, 20%. These 20 ¢
data on long-term transition of elderly population rate in eight

%

25 1

countries have been published recently (2009) by the National °

Institute of Population and Social Security Research. There is a 10

general global trend of an increase of the elderly population. The 5

comparative predictions of the elderly age group for Japan in- ol it “J poar T : |
between 2010 andfou.rde.cades ahead (unul2050)‘1s an increase 282888288¢988288828¢8¢8
of 60%, as illustrated in Fig. 1. The data also predict that with a OO IR DERQ 0 QG

perspective of a century the increase of the elderly population in

Japanese society is expected to grow with 100%, which is
remarkable. As a general global trend, the elderly population is
growing with varying speed in the respective countries.

Fig. 1 - A prominent demographic shift toward the elderly
population in Japan. The ordinate indicates the percent of the
65 and older population.
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funds. However, the change in elderly population demograph-
ics will create increased demand on the healthcare system,
thereby requiring for innovations in healthcare and
treatment.

With the elder population expanding, the lifestyle-
related cancer rates will inevitably increase. Smoking-
related lung cancer’s mortality has already been the highest
among all cancers in both Japan and United States. Chronic
obstructive pulmonary disease (COPD) is another tobacco-
or air pollution-related disease, and can predispose patients
to lung cancers. Japan is the world’s largest market for
tobacco products (smoking rate at 29%) and has COPD
prevalence estimates similar to western countries with over
S million COPD patients [1]. The cost impacts of COPD in
Japan have been huge and estimated at 805.5billion ¥
(6.8 billion US$) per year; 645.1billion ¥ (5.5 billion US$) in
direct costs and 160.4 billion ¥ (1.4 billion US$) in indirect
costs (direct and indirect costs are split as 80% to 20%).
COPD is a preventable disease with cessation of smoking,
which has widely been promoted to reduce the prevalence
of the disease; it will take longer time for the promotion to
become indeed effective. Given its complexity and the long
term effects of smoking, COPD requires early detection and
therapeutic evaluation with comprehensive multi-modali-
ties, and further detection and management of co-morbid-
ities (such as lung cancer and heart disease) that modify
outcomes of the primary disease [2,3]. Lung cancer is a
“multifactorial” disease, i.e.,, many factors work together to
cause the disease. Most lung cancer patients actually have
COPD with progressed emphysema and infectious disease
agents such as Chlamydia pneumonige, human papilloma
virus (HPV) and measles [4-6]. Possibly, these factors in
combination with certain genetic changes may be the
initial cause of lung cancer. Researchers are now beginning
to isolate some of the genomic factors that are associated
with an increased risk of lung cancer. Paradoxically, the
incidences of chronic heart disease (CHD) and atheroscle-
rosis in Japan have been in decline. This may be attributed
to lower serum cholesterol, declining rates of smoking and
declining trends in blood pressure [7]. However, CHD
continues to be a major cause of death in smokers with
different co-morbidities. A number of studies in Japan have
shown that smoking increases the risk of premature death
among both men and women. In conclusion, it is likely
that environmental factors, in addition to organic cooking
(mostly in Asian countries), as well as occupational reasons
in addition to smoking are risk factors that contribute to
the development of cancer and CHD. Thus, the smoking
effects are the major factors for these diseases.

Currently there are 109 unique protein biomarkers used
daily in the clinic [8,9]. There are limited studies available for
biomarker of diseases except some of the cancer biomarkers
until today. Examples like; human epidermal growth factor
receptor 2 (HER2), KL6, SA100, prostate specific antigen (PSA)
and creatine phosphokinase (CPK) are some markers that are
used globally today.

Within lung cancer, there have been reports on early
indication of somatic mutation appearances within the EGF
receptor. The increased mutation frequency was observed
especially in Japan and Asia [10]. The Japanese lung cancer

patients showed to have a certain percentage of non-
responders, the reason for this was not well understood at
the time. At a later time point, when the number of Gefiinib
(IRESSA) treated patients increased to tens of thousands, the
mutations within the EGF-receptor was discovered at high
frequencies [8,11-13]. Later, these somatic mutations were
shown to have a direct link to the specific inhibitory effects
of IRESSA. Today, an EGFR-mutation assay outcome will
guide the clinicians in Japan, to what treatment and
medication to use for these patients. Epidermal growth
factor receptor is associated to resistance to chemotherapy
as has been the case with radiation therapy. The restricted
treatment efficacy opened up for novel drugs such as
Gefitinib and Erlotinib, developed as specific EGFR-tyrosine
kinase inhibitors (TKI), with good efficacy and less side
effects. A recent study also presented the situation in
Europe [14].

It is evident in Asian populations that the majority of the
non-small cell lung cancer (NSCLC) patients with activated
mutations achieved a durable and effective response to EGFR
TKI-treatment, such as Gefitinib [15,16].

The somatic mutation assay test has now been put into
place in Japan, and is used routinely to identify the various
lung cancer phenotypes. In addition, a large case-control
study was conducted in Japan, involving 52 clinical centers
throughout Japan. This epidemiological study was also
directed towards biomarker discovery and probably makes it
the biggest clinical Biomarker Discovery study undertaken
within the industry [17,18].

The future medical treatment of patients is expected to
have an increased need to combine diagnosis such as imaging
and biomarkers with selection of drug prescriptions for
patients. These expected developments are currently being
assessed by the FDA and NIH, in collaborative programs and
studies with the Pharma industry.

To address the future challenges that Japanese society is
facing, novel technologies and diagnostic capabilities must be
developed and implemented throughout the coming decade. It
is steadily advancing to discover novel target biomarkers that
are directly related to pathophysiology and etiology, and to
develop diagnostic strategies with those markers. Imaging
modalities including high resolution computer tomography
(HRCT), magnetic resonance imaging (MRI) and positron
emission tomography (PET) have been commonly used for
diagnosis in average Japanese hospitals and even in health-
care clinics. However, these proteomic and imaging methods
are now being used separately and provide mutually inde-
pendent information. COPD involves multiple compartments
in the lung, such as the airways, parenchyma, as well as
vessels, and causes remodelling and destruction, which can
vary among individuals. The genetic basis for such a
difference in susceptibility and disease presentation is cur-
rently being elucidated and potential genes implicated are
currently validated [19]. CT offers a non-invasive approach to
image COPD disease changes [20] at a spatial resolution of
0.5mm in X and Y directions and 1 mm in Z direction which
helps in accurately resolving changes in airways of around
2 mm [21]. However, additional novel techniques like optical
coherence tomography (OCT) can provide a spatial resolution
of around 3 to 16 pm and an ability to image at a surface depth

— 257 —



4 JOURNAL OF PROTEOMICS XX (2011) XXX-XXX

of 3mm [22]. Currently, new developments are progressing
where the combination of HRCT imaging and target biomarker
expression analysis may assess a correlation between histo-
pathological changes and biomarker levels. This interdisci-
plinary approach will help to identify disease at an early stage
and the degree of progression, and thus to improve an
individual patient’s outcome. Upon drug treatment, changes
in the CT-image and biomarker assay read-outs will indicate
outcomes for the patient. The ultimate goal would be to
monitor the treatment response in clinical and functional
variables that show good correlation to CT measurements
with HRCT, with less variability than the placebo group.

Another important consideration, which remains as a top
priority for future Personalized Medicine developments, is the
drugs with low frequency of adverse events. Patient safety,
which relates to the minimization of side effects, is crucial in
order to limit the suffering of patients, as an effect of drug use.

Japan has declared a pricing strategy that includes request for
new biomarker diagnostics that can be used for patient stratifi-
cation, with phenotype selection for responders to drug treatment
[23]. In this declaration, pharmaco-genomic, and proteomic
technologies are promoted in the discovery and development of
drug related biomarkers by the drug pricing committee within the
Ministry of Health, Labour and Welfare (MHLW), (http://www.
mhlw.go.jp/shingi/2009/07/dl/s0715-9a.pdf).

The pricing strategy will be used in order to promote safe
and efficient approved drugs for the treatment of Japanese
patients.

2. Protein biomarker diagnosis

Detection of new biomarkers of emphysema and inflamma-
tory reaction in the lung and heart can aid in early
identification of disease and in monitoring the effect of
therapeutic agents on disease progression. There is currently
much research activity in this area but no consensus regarding
which bio-molecules are most useful for the identification of
COPD progression or for predicting clinical outcomes.

It is expected that multiplexed biomarker assay platforms
will play an important clinical role as becoming a complement
to traditional immuno-assays for future molecular diagnostics.
An early evidence of the progress developments is that recently,
the interagency group of the National Cancer Institute and the
Food and Drug Administration (NCI-FDA) presented the valida-
tion of protein based multiplex assay [24]. In addition, they
reported on Multiplexed Biomarker Assay Platform develop-
ments where the NCI-FDA Oncology Task Force, members of the
Clinical Proteomic Technology Assessment for Cancer program,
are evaluatingboth antibody based multiplexing as well as mass
spectrometry based MRM assays [25].

Multiplexed biomarker assay platforms are expected to be
the key platforms that will help improve the clinical health
care, and targeted medication in the future. The mass
spectrometry based MRM assay panels would be using the
same SRM/MRM principles as for drug and metabolite
monitoring. These quantitative multiple reaction monitoring
(MRM) methods have been in use for more than a decade in the
development of new medicines, and this has been in close
collaboration with the FDA.

Currently the available triple-quadrupole mass spectro-
meters have both improves sensitivity, mass accuracy as well
as scan speed that is in line with the multiplex measurement
principle.

3. Multiplexed biomarker assay platforms

Mass spectrometry-based selective reaction monitoring is
rapidly developing with an expectation to become a pre-
ferred technology for the development of quantitative
protein or peptide assays with high sensitivity and selectiv-
ity for clinical research [26,27]. Its sequential application to
multiple targets at once MRM delivers high-throughput, and
when taken together, these parameters provide a break-
through quantification methodology. This technology allows
absolute biomarker quantification in very small amounts of
bio-fluid samples, allowing multiplexed read-outs of disease
panels.

Assay formats with multiple hundreds of proteins/assay
have recently been presented [28,29]. It is expected that
clinical assay panels with 100 proteins/assay, screening both
blood samples and tissues will be standard in laboratories
around the world in the near future. The MRM assay format
measures specific target proteins by monitoring proteotypic
(unique to the target protein) peptide sequences. The tech-
nology is fully quantitative when isotopically labeled internal
standards are included in the assay. No immuno-reagents are
required for MRM assays in principle but immuno-precipita-
tion or other affinity enrichment techniques may be used in
sample preparation to enhance the sensitivity of the assay.
The MRM technology is performed on triple quadrupole mass
spectrometers and provides precise quantification and broad
dynamic range, even within highly complex sample matrices.
The multiplex MRM assays allow high density data generation
in clinical diagnosis, where it is envisioned that multiple
MRM-panels can be run simultaneously. This would provide a
whole new setting, whereby the health care system would
perform future patient diagnosis. In fact, immunoassay plat-
forms like ELISA, with extensive robotics and automation
would face major difficulties fulfilling these performances.
Even with current synthesis technologies of isotope labeled
internal standards, it makes MRM-assay costs highly compet-
itive in comparison to current pricing in the clinical hospitals
running clinical assays.

In addition, when mass spectrometry is coupled with a
front-end sample introduction system such as nano-flow
liquid chromatography, the limit of quantification/detection
of target peptides/proteins and biomarkers may reach low
attomole levels. The utilization of this technology makes
analysis of clinical “fingerprint” target biomarkers in common
body fluids not only possible, but also an attainable goal for
the future. Recent promising efforts to combine MRM with
sampling at histological levels [30], will facilitate finding the
body fluid targets of which levels correlate with those at
disease foci, serving as a diagnostic strategy combined with
HRCT. MRM delivers a unique signal that can be detected and
quantified in the midst of a very complicated biological
matrix. The mass spectrometry spectra plots are simple,
usually containing only a single peak for each MRM. This
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characteristic makes the assay especially suitable for sensitive
and specific quantitation [31].

The latest developments within the MRM technology are
providing high density assay panels with high sensitivities,
allowing low abundant level proteins to be quantified, even
down to copy numbers as low as 40 copies/cell [28].

In comparison with ELISA immunoassays, recently MRM
panels were presented in blood plasma with linear operational
performance down to low pg/ml [24].

Imaging using CT, MRI, ultrasound, molecular imaging is
commonly used in clinical practice and also in therapeutic
trails. They help in non-invasively quantifying regional
disease, which is critical for validating clinical proteomic
biomarkers elucidated from different tissue compartments.

Computed tomography (CT) is considered a novel modality to
estimate the key pathological changes in COPD patients, namely
emphysema and airway remodeling. Japan is in the forefront of
CT technology and has access to the advanced scanner
hardware and required expertise in radiology and informatics.
CT offers a non-invasive approach to image COPD disease
changes [20] at a spatial resolution of 0.5mm in X and Y
directions and 1 mm in the Z direction which helps in accurately
resolving changes in airways of around 2 mm [21]. By accurate
quantification of the disease pathology CT allows phenotyping
(or patient stratification) for evaluating novel treatments or
determining prognoses. Several academic groups and large
chest radiology consortia like the Fleischner Society (www.
fleischner.org/) continue to bring novel insights into the
application of CT technology and standardization of the method
for evaluating COPD and the Big3 diseases, i.e., “lung cancer”,
“COPD” and “atherosclerosis”. By using automated CAD tools in
batch mode, image analysis and quantification can be done in
high-throughput allowing application to large-scale databases.

However, in addition novel techniques like optical coher-
ence tomography (OCT) can provide a spatial resolution of
around 3 to 16 um and an ability to image at a surface depth of
3mm [22]. MRI imaging using hyperpolarized gases like
helium, xenon and fluoride and molecular imaging with PET
offer exciting insights into functional status.

Lung cancer imaging using CT together with PET forimaging the
volume and functional status of lung nodules is widely used in
clinical setting. These tools are used in screening of large cohorts
of smokers and currently the benefits of screening are being
evaluated. Together with tumor based proteomic biomarkers,
imaging offers strong model to related function, structure and
disease stage with proteomic finger print, thereby supporting the
validation of clinical proteomic endpoints in smoking related
lung diseases. In addition, a large part of the lung cancer patients
with diagnosed tumors, also show radiological evidence of
emphysema and airway disease [32,33].

Critical path initiative (CPI) is the US national strategy for
transforming the way FDA-regulated products are developed,
evaluated, manufactured, and used with a focus on acceler-
ating the development of safe and efficacious novel treat-
ments (http://www.fda.gov/ScienceResearch/SpecialTopics/
CriticalPathlInitiative/default.htm). CPI has initiated several
opportunities centered around the development and valida-
tion of novel biomarkers for smoking-related diseases includ-
ing soluble biomarkers, patient-reported outcomes and
imaging. NHLBI/NIH has initiated a program for Sub Popula-

tions and InteRmediate Outcome Measures In COPD (SPIRO-
MICS), which focuses on combining biomarkers and imaging
endpoints for outcome assessment in COPD patients.

In eHealth developments, the exchange of health information
electronically between physicians, hospitals, health plans,
and patients has increased substantially in the last year and is
reducing the cost of care and positively impacting physicians,
according to a new survey released by the non-profit eHealth
Initiative (eHI) today. “Migrating Toward Meaningful Use: The
State of Health Information Exchange,” a report based on eHI’s
Sixth Annual Survey of Health Information Exchange, presents a
very clear benefit to the health care system. Responses from
operational initiatives demonstrate an increasingly positive
impact on the efficiency of care while showing a return on
investment.
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Abstract

The epithelial mesenchymal transition (EMT) has emerged as a pivotal event in the development of the
invasive and metastatic potentials of cancer progression. Sorafenib, a VEGFR inhibitor with activity against
RAF kinase, is active against hepatocellular carcinoma (HCC); however, the possible involvement of sorafenib
in the EMT remains unclear. Here, we examined the effect of sorafenib on the EMT. Hepatocyte growth factor
(HGF) induced EMT-like morphologic changes and the upregulation of SNAI1 and N-cadherin expression.
The downregulation of E-cadherin expression in HepG2 and Huh7 HCC cell lines shows that HGF mediates
the EMT in HCC. The knockdown of SNAI1 using siRNA canceled the HGF-mediated morphologic changes
and cadherin switching, indicating that SNAII is required for the HGF-mediated EMT in HCC. Interestingly,
sorafenib and the MEK inhibitor U0126 markedly inhibited the HGF-induced morphologic changes, SNAI1
upregulation, and cadherin switching, whereas the PI3 kinase inhibitor wortmannin did not. Collectively,
these findings indicate that sorafenib downregulates SNAIIl expression by inhibiting mitogen-activated
protein kinase (MAPK) signaling, thereby inhibiting the EMT in HCC cells. In fact, a wound healing and
migration assay revealed that sorafenib completely canceled the HGF-mediated cellular migration in HCC
cells. In conclusion, we found that sorafenib exerts a potent inhibitory activity against the EMT by inhibiting
MAPK signaling and SNAI1 expression in HCC. Our findings may provide a novel insight into the anti-EMT

effect of tyrosine kinase inhibitors in cancer cells. Mol Cancer Ther; 10(1); 169-77. ©2011 AACR.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer and the third largest cause of cancer-related
death in the world annually (1). Recurrence, metastasis,
and the development of new primary tumors are the most
common causes of mortality among patients with HCC
(2). Sorafenib (Nexavar; Bayer HealthCare Pharmaceuti-
cals Inc.) is a small molecule that inhibits the kinase
activities of Raf-1 and B-Raf in addition to VEGFRs,
PDGFR-B (platelet-derived growth factor receptor p),
Flt-3, and c-KIT (3). Two recent randomized controlled
trials reported a clinical benefit of single-agent sorafenib
in extending overall survival in both Western and Asian
patients with advanced unresectable HCC (4, 5). The
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potential action mechanisms that lead to these clinical
benefits are thought to include antiangiogenic effects
and sorafenib’s characteristic inhibitory effect on Raf-1
and B-Raf signaling.

Meanwhile, growing evidence indicates that the
epithelial mesenchymal transition (EMT), a develop-
mental process by which epithelial cells reduce inter-
cellular adhesions and acquire fibroblastoid properties,
has important roles in the development of the invasive
and metastatic potentials of cancer progression (6-8). To
date, numerous clinicopathologic studies have shown
positive correlations between the expressions of the
transcription factors SNAI1 (snail homologue 1/
SNAIL) and SNAI2 (snail homologue 2/Slug), which
are key inducible factors of the EMT, and poor clinical
outcomes in breast, ovary, colorectal, and lung cancer;
squamous cell carcinoma; melanoma, and HCC
(reviewed in ref. 6).

Generally, the activation of a wide variety of ligands
including FGF (fibroblast growth factor), TGF-B-BMPs
(bone morphogenetic protein), Wnt, EGF (epidermal
growth factor), VEGF, and HGF (hepatocyte growth
factor) and its receptor can upregulate the expression
of EMT-regulating transcription factors, including
SNAIl, SNAI2, ZEB1, ZEB2, and TWIST (6). Among
them, HGF (also known as scattering factor) activates
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the Met signaling pathway, thereby increasing the inva-
sive and metastatic potentials of the cells and allowing
the survival of cancer cells in the bloodstream in the
absence of anchorage (9). In addition, HGF is well known
as a potent angiogenic cytokine, and Met signal activation
can modify the microenvironment to facilitate cancer
progression (9). Therefore, the HGF-Met signaling path-
way is regarded as a promising therapeutic target, and
many molecular targeted drugs are under clinical devel-
opment (10). In HCC, the mRNA levels of HGF and Met
receptor are markedly increased compared with those in
normal liver (11). A high serum HGF concentration is
associated with a poor prognosis for overall survival after
hepatic resection, and the serum level of HGF represents
the degree of the carcinogenic state in the livers of
patients with C-viral chronic hepatitis and cirrhosis
(12-14). Thus, we examined the effect of sorafenib on
the HGF-Met-mediated EMT in HCC.

Materials and Methods

Reagents

Sorafenib was provided by Bayer HealthCare Pharma-
ceuticals Inc. U0126, wortmannin (Cell Signaling Tech-
nology), and human HGF (R&D Systems) were
purchased from the indicated companies. The structures
of compounds are shown in Supplementary Figure 1.

Cell culture

The human HCC cell lines HepG2 and Huh7 were
maintained in Dulbecco’s modified Eagle’s (DMEM)
medium (Sigma) supplemented with 10% FBS, penicillin,
and streptomycin (Sigma) in a humidified atmosphere of
5% CO, at 37°C. The cell lines were obtained from the
Japanese Collection of Research Bioresources and were
grown in culture for less than 6 months.

Scratch assay

The method used for the scratches assay has been
previously described (15). Briefly, the cells were plated
onto 24-well plates and incubated in DMEM containing
10% FBS until they reached subconfluence. Scratches
were introduced to the subconfluent cell monolayer,
using a plastic pipette tip. The cells were then cultured
with DMEM containing 10% FBS at 37°C. After 24 hours,
the scratch area was photographed using a light micro-
scope (IX71; Olympus). The wound distance between
edge to edge were measured and averaged from 5 points
per 1 wound area, using DP manager software (Olym-
pus). The 2 wound areas were evaluated in an experiment
and the experiment was done in triplicate.

Migration assay

The migration assays were done using the Boyden
chamber methods and polycarbonate membranes with
an 8-um pore size (Chemotaxicell), as previously
described (15). The membranes were coated with fibro-
nectin on the outer side and dried for 2 hours at room

temperature. The cells to be analyzed (2 x 10* cells/well)
were then seeded onto the upper chambers with 200 pL of
migrating medium (DMEM containing 0.5% FBS), and
the upper chambers were placed into the lower chambers
of 24-well culture dishes containing 600 uL of DMEM
containing 10% FBS or with 10 ng/mL of HGF or with
HGEF and 10 pmol/L of sorafenib. After incubation for 36
hours (HepG2) and 24 hours (Huh?7), the media in the
upper chambers were aspirated and the nonmigrated
cells on the inner sides of the membranes were removed
using a cotton swab. The cells that had migrated to the
outer side of the membranes were fixed with 4% paraf-
ormaldehyde for 10 minutes, stained with 0.1% Giemsa
stain solution for 15 minutes, and then counted using a
light microscope. Migrated cells were averaged from 5
fields per 1 chamber and 3 chambers were used on 1
experiment. The experiment was done in triplicate.

Morphologic analysis

HepG2 and Huh7 cells (2 x 10* and 1 x 10* cells/well,
respectively) were seeded in 6-well tissue culture dishes.
After 24 hours of incubation, the cells were stimulated
with 10 ng/mL of HGF or control PBS. When the inhi-
bitors were used, the cells were exposed to each inhibitor
for 3 hours before the addition of HGF. After 48 hours, the
cells were analyzed using a light microscope. The experi-
ment was done in triplicate.

Western blot analysis

The following antibodies were used in this study:
phospho-Met (Y1349), Met, phospho-AKT (S473), AKT,
phospho-p44/42 mitogen-activated protein kinase
(MAPK), SNAI1/Snail, E-cadherin, N-cadherin, vimen-
tin, B-actin antibody horseradish peroxidase-conjugated
secondary antibody (Cell Signaling Technology), and
fibronectin (Santa Cruz Biotechnology). All the experi-
ments were done at least in duplicate. The Western blot
analysis was done as described previously (16). The data
were quantified by automated densitometry using Multi-
gauge Ver. 3.0 (Fujifilm). Densitometric data were nor-
malized by B-actin in triplicate and the average was
shown above the Western blot as a ratio of control
sample.

Real-time reverse transcription PCR

The real-time reverse transcription PCR (RT-PCR)
method has been previously described (17). Briefly, 1
ug of total RNA from the cultured cells was converted
to cDNA using a GeneAmp RNA-PCR kit (Applied
Biosystems). Real-time RT-PCR amplification was done
using a Thermal Cycler Dice (Takara) in accordance with
the manufacturer’s instructions under the following con-
ditions: 95°C for 6 minutes, 40 cycles of 95°C for 15
seconds, and 60°C for 1 minute. Glyceraldehyde 3-phos-
phate dehydrogenase (GAPD) was used to normalize the
expression levels in the subsequent quantitative analyses.
To amplify the target genes, the following primers were
purchased from TaKaRa: CDHI, forward 5-TTA AAC
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Figure 1. HGF stimulates the Met signaling pathway and induces morphologic changes in HCC. A, HGF stimulation (0, 0.1, 1, and 10 ng/mL) dose-
dependently increased the phosphorylation of Met, MAPK, and AKT in the HCC cell lines HepG2 and Huh?. The results of a Western blot analysis

are shown. B-Actin was used as a loading control. The serum-starved cells were stimulated with HGF for 60 minutes and then collected for analysis.

B, time-course analysis of HGF stimulation. The HCC cells were stimulated with 10 ng/mL of HGF for 0, 1, 2, 4, 8, 12, and 24 hours. The results of a Western blot
analysis are shown. C, HGF-mediated morphologic changes included cell scattering and the elongation of the cell shape that are characteristic of the EMT. The
HepG2 and Huh7 cells were stimulated with or without 10 ng/mL of HGF for 48 hours and then photographed (magnification x 200).

TCC TGG CCT CAA GCA ATC-3' and reverse 5'-TCC
TAT CTT GGG CAA AGC AACTG-3';CDH2, forward 5'-
CGA ATG GAT GAA AGA CCC ATC C-3' and reverse 5'-
GGA GCC ACT GCC TTC ATA GTC AA-3’; SNAI1,
forward 5-TCT AGG CCC TGG CTG CTA CAA-3 and
reverse 5-ACA TCT GAG TGG GTC TGG AGG TG-3';
SNAI2, forward 5-ATG CAT ATT CGG ACC CAC ACA
TTA C-3' and reverse 5-AGA TTT GAC CTG TCT GCA
AAT GCT C-3; VIM, forward 5-TGA GTA CCG GAG
ACA GGT GCA G-3' and reverse 5-TAG CAG CTT CAA
CGG CAA AGT TC-3’; FN1, forward 5-GGA GCA AAT
GGC ACC GAG ATA-3 and reverse 5-GAG CTG CAC
ATG TCT TGG GAA C-3’; and GAPD, forward 5-GCA
CCG TCA AGG CTG AGA AC-3 and reverse 5-ATG
GTG GTG AAG ACG CCA GT-3'.

Small interfering RNA transfection

Three different sequences of small interfering RNA
(siRNA) targeting human SNAI1 (Hs_SNAI1_9785,
9786, and 9787) and those of 2 scramble control siRNAs
were purchased from Sigma Aldrich Japan. The transfec-
tion methods have been previously described (17).

Statistical analysis
The statistical analyses were done using Microsoft
Excel (Microsoft) both to calculate the SD and to test

for statistically significant differences between the sam-
ples using a Student t test. A value P < 0.05 was con-
sidered statistically significant.

Results

To examine the activity of HGF-Met signaling in HCC
cells, we examined the expressions of phospho-Met,
Met, phospho-AKT, AKT, phospho-MAPK, and MAPK
in the HepG2 and Huh? cell lines, using Western blot-
ting. The phosphorylation levels of Met, AKT, and
MAPK were dose-dependently increased by HGF sti-
mulation (Fig. 1A). A time-course analysis showed that
the phosphorylation levels of Met, AKT, and MAPK
peaked at 1 to 2 hours after HGF stimulation and
gradually recovered to the baseline values at 4 hours
later (Fig. 1B). These results indicated that Met signaling
is actually capable of being activated in response to HGF
in HCC cells.

From a morphologic aspect, the EMT is characterized
by an increase in cell scattering and an elongation of the
cell shape (18). To evaluate whether HGF mediates the
morphologic change that is characteristic of the EMT in
HCC cells, cellular morphology was examined after HGF
stimulation. HGF clearly mediated both cell scattering
and the elongation of the cell shape in HepG2 and Huh7
cell lines (Fig. 1C). These data indicate that HGF mediates
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Figure 2. HGF upregulates SNAI1 expression and induces cadherin switching in HCC. A, changes in the mRNA expressions of the EMT-related genes
SNAI1/Snail, SNAI2/Slug, E-cadherin/CDH1, N-cadherin/CDH2, and fibronectin/FN1 were determined using real-time RT-PCR. The HepG2 and Huh7
cells were stimulated with or without 10 ng/mL of HGF for 2 hours (SNAI1 and SNAI2) or 48 hours (E-cad, N-cad, and FNT). Rel mRNA, normalized mRNA
expression levels (target genes/GAPD x 10%); E-cad, E-cadherin; N-cad, N-cadherin. B, the HGF-mediated protein expression changes in SNAI1, E-cadherin,
N-cadherin, fibronectin, and vimentin were determined using a Western blot analysis. The HepG2 and Huh7 cells were stimulated with HGF at the indicated
dose (0, 0.1, 1, or 10 ng/mL) and collected for analysis after 4-hour stimulation for SNAI1 and 72 hours for the others. C, the cells were stimulated with 10 ng/mL
of HGF for the indicated time course (0, 1, 2, 4, 8, 12, or 24 hours) and used for analysis. §-Actin was used as a loading control. D, Western blot analysis
of E-cadherin and N-cadherin. The cells were stimulated with 10 ng/mL of HGF for 0, 48, and 96 hours and then analyzed.

the morphologic changes that are compatible with the
induction of the EMT in HCC cell lines.

Because SNAI1 and SNAI2 are considered to be master
regulators of the EMT, changes in the mRNA expression
levels of EMT-related genes in response to HGF stimula-
tion were evaluated using real-time RT-PCR (Fig. 2A).
HGEF stimulation upregulated SNAIT mRNA expression
by more than 2-fold, whereas the baseline expression of
SNAI2 was very low compared with that of SNAI1 and
did not respond to HGF in either of the HCC cell lines that
were examined. Cadherin switching, which is character-
ized by the downregulation of E-cadherin and the upre-
gulation of N-cadherin, is known as one of the most
pivotal cellular events in the EMT (19). Cadherin switch-
ing was clearly observed on the basis of mRNA levels

after HGF stimulation. The mesenchymal marker fibro-
nectin was also upregulated (Fig. 2A).

Consistent with the mRNA changes, HGF stimulation
dose-dependently upregulated the protein expression of
SNAI1, N-cadherin, fibronectin, and vimentin and down-
regulated the expression of E-cadherin in both cell lines
(Fig. 2B). Vimentin expression of HepG2 was not detected
(baseline vimentin mRNA was also extremely low; data
not shown). A time-course analysis showed that HGF
upregulated the SNAI1 expression at 2 hours after sti-
mulation and that the expression level recovered to the
baseline value at 24 hours thereafter (Fig. 2C). Cadherin
switching after HGF stimulation was observed at 8 hours
later in HepG2 cells and 48 hours later in Huh?7 cells
(Fig. 2C and D). Generally, upregulation of SNAI1 is
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Figure 3. SNAI1 is required to induce the HGF-mediated EMT in HCC cells. A, knockdown of HGF-mediated SNAI1 expression using siRNA. Three sequences
of SNAI1-siRNA (1, 2, and 3) were used. The HepG2 and Huh7 cells were treated with or without 50 nmol/L of each siRNA for 48 hours and then were stimulated
with 10 ng/mL of HGF. SNAI1-siRNA #2 was effective and was used in subsequent experiments. B, SNAI1 knockdown canceled the HGF-mediated
morphologic changes. The HepG2 and Huh7 cells were treated with 50 nmol/L of siRNA for 48 hours and were then stimulated with 10 ng/mL of HGF in all 4
panels. C, SNAI1 suppression by siRNA strongly canceled the HGF-mediated downregulation of E-cadherin and the upregulation of N-cadherin in

both HepG2 and Huh7 cells. The cells were treated with 50 nmol/L of siRNA for 48 hours and were analyzed using a Western blot analysis. Densitometric
data are shown above the Western blot. D, the siRNA knockdown of SNAI1 inhibited the HGF-mediated cellular migration. The siRNA-transfected
HepG2 and Huh7 cells were evaluated using migration assay. The migration assays were conducted using the Boyden chamber methods as described in
Materials and Methods. *, P < 0.05 (Cont-si vs. SNAI1-si with HGF); Cont-si, control-siRNA; SNAI1-si, SNAI1-targeting siRNA.

observed within few hours, but cadherin switching
occurs around 24 hours later after stimulation (20, 21),
consistent with our result. These results indicate that
HGF meditates the induction of SNAI1, cadherin switch-
ing, and the EMT in HCC cells.

Besides SNAI1 and SNAI2, other transcription factors
of several genes also have the potential to repress E-
cadherin and to induce the EMT; these factors include
ZEB1/TCF8, ZEB2/SMAD interacting protein 1, TWIST,
E47/TCF3, and TCF4/E2-2 (6). Therefore, we examined
whether SNAII, among several EMT-inducible genes,
has a central role in the HGF-mediated EMT in HCC
cells. Three sequences of SNAI1-siRNA (1, 2, and 3) were
used. A Western blot showed that both sequences 2 and 3
of SNAIl1-siRNA completely suppressed the HGF-
mediated upregulation of SNAIl in the HepG2 and
Huh?7 cells (Fig. 3A); thus, the #2 SNAI1-siRNA was used
in the following experiments: The siRNA knockdown of
SNAII canceled the morphologic changes observed in
HepG2 cells undergoing HGF-mediated EMT, whereas
the control-siRNA did not (Fig. 3B). Similar results were

obtained in Huh? cells, indicating that SNAII is required
for the morphologic changes observed in HGF-mediated
EMT. Similarly, the siRNA knockdown of SNAI1 strongly
canceled the HGF-mediated downregulation of E-cad-
herin and the upregulation of N-cadherin in both HepG2
and Huh?7 cells (Fig. 3C). Those of mRNA expression
changes were relatively correlated with the results of
Western blot, except for N-cadherin in Huh?7 cells (Sup-
plementary Fig. 2A). Regarding the cellular migration,
the siRNA knockdown of SNAI1 inhibited the HGF-
mediated cellular migration (Fig. 3D). Collectively,
these results indicate that SNAIT is required to induce
the HGF-mediated EMT in HCC cells.

In general, SNAII expression is regulated by ligand-
receptor signal transduction through a downstream sig-
nal pathway that includes the Smad, MAPK, AKT, and
GSK3 pathways (6, 22, 23). Sorafenib has been shown to
inhibit RAF-MAPK signaling in HCC cells (24). Accord-
ingly, we hypothesized that sorafenib might downregu-
late SNAIl expression by inhibiting RAF-MAPK
signaling, which is a unique activity of sorafenib. As
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Figure 4. Sorafenib downregulates SNAI1 expression in HCC. A, as expected, sorafenib and the MEK inhibitor U0126 inhibited the HGF-mediated
phosphorylation of MAPK, but the PI3K inhibitor wortmannin did not. Of note, SNAI1 expression was markedly downregulated by sorafenib and U0126. The
HepG2 and Huh7 cells were exposed to 10 umol/L of sorafenib or wortmannin or U0126 for 3 hours and were then stimulated with 10 ng/mL of HGF for
60 minutes. Wort, wortmannin. B, the HGF-mediated morphologic changes were canceled by sorafenib and U0126 but not by wortmannin in the HCC cells.
The cells were exposed to sorafenib or wortmannin or U0126 for 48 hours with or without HGF (10 ng/mL) and then photographed. C, HGF-mediated
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for 48 hours. D, HGF-mediated cadherin switching and upregulation of fibronectin and vimentin were canceled by sorafenib in the HCC cell lines. The
cells were cultured with or without 2 umol/L of sorafenib for 72 hours, with or without HGF (10 ng/mL), and then were analyzed using Western blot analysis.

Densitometric data are shown above the Western blot.

expected, sorafenib and the MEK inhibitor U0126 (10
umol/L) markedly inhibited the HGF-induced phos-
phorylation of MAPK, but the PI3K inhibitor wortmannin
(10 umol/L) did not. In contrast, only wortmannin inhib-
ited the phosphorylation of AKT (Fig. 4A). Notably,
SNAIT expression was strongly downregulated by sor-
afenib and U0126 but not by wortmannin (Fig. 4A). These
results showed that sorafenib downregulated SNAII
expression via MAPK signaling. Meanwhile, we exam-
ined the HGF- and sorafenib-mediated expression
changes of SNAI2, ZEB1, ZEB2, and TWIST using real-
time RT-PCR and Western blot (Supplementary Fig. 3).
Baseline and expression changes of SNAI2 and TWIST
were very low compared with SNAI1, and the expression
changes of ZEB1 and ZEB2 seemed not to be significant.
Collectively, we considered that SNAI2, TWIST, ZEB1,
and ZEB2 are not likely to be involved in the effect of HGF
and sorafenib on EMT in this cell lines. Then, we exam-
ined the activity of sorafenib on HGF-mediated morpho-

logic changes in HCC cells. HGF stimulation mediated
the cell scattering and spindle-shaped changes, and these
effects were clearly canceled by sorafenib and U0126, but
not by wortmannin, in both HepG2 and Huh7 cells
(Fig. 4B). These results were consistent with the results
of Western blotting. To show whether sorafenib cancels
the effect of HGF-mediated downregulation of E-cad-
herin, we examined the Western blot in dose-response
analysis. Downregulation of E-cadherin was clearly can-
celed by sorafenib in a dose-dependent manner (Fig. 4C).
Time-course analysis showed that HGF-mediated down-
regulation of E-cadherin was also canceled by sorafenib
(Supplementary Fig. 4). HGF stimulation downregulated
E-cadherin expression and upregulated N-cadherin,
vimentin, and fibronectin in HCC cells; however, these
effects were canceled by sorafenib in both HCC cell lines
(Fig. 4D and Supplementary Fig. 2B). The mRNA data of
N-cadherin in Huh? cells were not correlated with pro-
tein level. These results show that sorafenib inhibits the
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RAF-MAPK pathway, thereby downregulating SNAI1
and inhibiting the EMT in HCC.

Because sorafenib inhibits the HGF-mediated EMT in
HCC cells, we nextexamined whether the inhibitory effect
of sorafenib on the EMT leads to an inhibition of cellular
migration in HCC cells. A scratch assay revealed that HGF
stimulation increased cellular migration by about 2- fold
in both HCC cell lines; however, sorafenib significantly
inhibited this effect to the baseline levels (Fig. 5A). Simi-
larly, a migration assay using the Boyden chamber
method revealed that sorafenib canceled HGF-mediated
cellular migration in both cell lines (Fig. 5B). These results
suggest that sorafenib actually inhibits the cellular migrat-
ing phenotype of the EMT in HCC cells. The combination
of migration data with siRNA and sorafenib (Fig. 3D and
Fig. 5B) suggests that inhibitory effects of sorafenib on
migration may be mediated by Snail downregulation in
some tumors (e.g., Huh7) but not in others (e.g., HepG2). It
is assumed that the inhibitory activity of sorafenib on the
cellular migrating phenotype is due to its inhibitory effect
of Raf-MAPK signaling pathway (Fig. 4A and B). Regard-
ing HGF-dependent PI3K-AKT signaling pathway, wort-
mannin weakly inhibited the wound closure in Huh7 cells
and to the same extent by sorafenib in HepG2 cells (Sup-
plementary Fig. 5). In contrast, wortmannin has no effect
on Snail levels or on HCC morphology changes (Fig. 4A
and B). Collectively, we speculate that activation of HGF-
dependent PI3K-AKT pathway may not be involved in
SNAII induction or morphologic change but at least
partially involved in cell migration independent of Raf-
MAPK-SNAII signaling.

Taken together, these results indicate that sorafenib
inhibits the HGF-mediated EMT, which is characterized
by cadherin switching, morphologic changes, and an
increase in the cellular migrating phenotype, by inhibit-
ing Raf-MAPK signaling, resulting in the downregulation
of SNAI1 in HCC cells (Fig. 6).

Discussion

Recent accumulating evidence has shown that the EMT
is involved in drug sensitivity to several anticancer agents
(25). Within this topic, the most intensively investigated
drugs have been endothelial growth factor receptor
(EGFR)—targeting drugs for the treatment of lung cancer.
A clinical trial has revealed that lung cancer cells with
strong E-cadherin expression exhibit a significantly
longer time to progression after EGFR-TKI (tyrosine
kinase inhibitor) treatment (26). Other studies on
EGFR-targeting drugs have shown that mesenchymal
type lung cancer cells exhibit an EMT-dependent acquisi-
tion of PDGEFR, FGF receptor, and TGF-f receptor signal-
ing pathways (27), and integrin-linked kinase is a novel
target for overcoming HCC resistance to EGFR inhibition
(28). Regarding sensitivity to gemcitabine, mesenchymal
type cancer cells are reportedly associated with gemcita-
bine resistance in pancreatic cancer cells (29). The
mechanism of resistance to gemcitabine has been shown
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Figure 5. Sorafenib inhibits HGF-mediated cellular migration in HCC cells.
A, a scratch assay revealed that HGF stimulation increased the cellular
migration by about 2-fold, but sorafenib almost completely canceled the
effect. The subconfluent HepG2 and Huh7 cells were scratched with a
plastic pipette tip and incubated under the indicated conditions (control,
10 ng/mL of HGF; and HGF, 10 umol/L of sorafenib). The scratch area was
photographed and measured. The experiment was done in triplicate. *,
sorafenib (—) versus (+), P < 0.05. B, migration assay using the Boyden
chamber method revealed that sorafenib almost completely canceled the
HGF-mediated cellular migration in both HCC cell lines. The cells were
incubated under the indicated conditions: control, 10 ng/mL of HGF; and
HGF, 10 umol/L of sorafenib. *, sorafenib (—) versus (+), P < 0.05. Sora,
sorafenib.

to involve the activation of Notch signaling, which is
mechanistically linked with the mesenchymal chemore-
sistance phenotype of pancreatic cancer cells (30). Thus,
baseline cellular characteristics based on the EMT phe-
notype might be useful not only as prognostic biomarkers
for a malignant phenotype but also as predictive markers
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Figure 6. Diagram of the proposed mechanism by which sorafenib inhibits
the EMT. Sorafenib inhibits the HGF-mediated EMT, which is
characterized by morphologic changes, cadherin switching, and an
increase in the cellular migrating phenotype. The anti-EMT effect of
sorafenib occurs through the downregulation of SNAI1 by the inhibition
of MAPK phosphorylation in HCC cells. Wort, wortmannin; N-cad,
N-cadherin; E-cad, E-cadherin.

of sensitivity to anticancer agents. In this study, we
focused on the signaling pathway responsible for indu-
cing the EMT and showed that the multitarget TKI
sorafenib downregulates SNAI1 by inhibiting Raf-MAPK
signaling, thereby inhibiting the HGF-mediated EMT in
HCC cells. Our findings may provide a novel insight into
the actions of TKIs and their anti-EMT effects.

The mechanisms underlying the SNAIl-induced meta-
static and aggressive phenotypes of cancer cells have
recently been intensively investigated in both basic and
clinical research studies. A novel aspect of the activity of
SNAI1 is its involvement in immunosuppression. The
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Abstract

Background Combination therapy with the oral fluoro-
pyrimidine anticancer drug S1 and interferon is reportedly
effective for the treatment of advanced hepatocellular
carcinoma (HCC), but selection criteria for this therapy
have not been clarified. In this study, we attempted to
identify factors predicting the effectiveness of this combi-
nation therapy.

Methods Pathological specimens of HCC were collected
before treatment from 31 patients with advanced HCC who
underwent S1+ pegylated-interferon (PEG-IFN) a-2b
therapy between January 2007 and January 2009. In these
pathological specimens, the expression levels of CDI133,
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thymidylate synthase (TS), dihydropyrimidine dehydroge-
nase (DPD), and interferon-receptor 2 (IFNR2) proteins were
determined by Western blot assay. The presence or absence
of p53 gene mutations was determined by direct sequencing.
The relationships between these protein expression levels and
the response rate (RR), progression-free survival (PFS), and
overall survival (OS) were evaluated.

Results The CD133 protein expression level was signifi-
cantly lower in the responder group than in the nonres-
ponder group. Comparing the PFS and OS between
high- and low-level CD133 expression groups (n = 13 and
18, respectively) revealed that both parameters were sig-
nificantly prolonged in the latter group. The expression
levels of TS, DPD, and IFNR2 protein and the presence of
p53 gene mutations did not correlate with the RR.
Conclusions CDI133 was identified as a predictor of the
therapeutic effect of S14+ PEG-IFN o-2b therapy against
advanced HCC.

Keywords 5-Fluorouracil - Pegylated interferon -
CD133 - Cancer stem cell - Hepatocellular carcinoma

Abbreviations

SFU 5-Fluorouracil

DPD Dihydropyrimidine dehydrogenase
HCC Hepatocellular carcinoma
IFNR2 Interferon-receptor 2

NR Nonresponder

(0N} Overall survival

PD Progressive disease
PEG-IFN Pegylated interferon

PES Progression-free survival
PR Partial response

RR Response rate

_@ Springer

— 271 —



J Gastroenterol

SD Stable disease
TS Thymidylate synthase
Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in Asia, including Japan [1, 2], and its preva-
lence has recently been increasing globally [3]. In most
patients, the background of HCC is chronic hepatitis or liver
cirrhosis due to hepatitis B or hepatitis C infection. Recently,
HCC has increasingly been detected at relatively early stages
due to the periodic follow-up of chronic liver disease patients
and the development of diagnostic imaging modalities.
There have been significant improvements in the treatment
of patients with early HCC, and the therapeutic results have
been markedly improved by site-specific treatments such as
transcatheter arterial chemoembolization, percutaneous
ethanol injection therapy, microwave coagulation therapy,
and radiofrequency ablation, as well as hepatectomy [4-6].

However, when existing HCC is cured radically, new
cancers develop due to the underlying chronic liver disor-
ders. Treatments must then be performed alone or in
combination each time a new cancer appears. Repeated
treatment often leads to portal vein tumor thrombosis or
distant metastasis, making standard treatments difficult
to perform. Recently, the treatment efficacy and safety
of the molecular targeted drug sorafenib (Nexavar;
Bayer HealthCare Pharmaceuticals—Onyx Pharmaceuticals,
Leverkusen, Germany) have been reported and the results
placed it as a first-line drug [7]. Sorafenib is a small
molecule that inhibits tumor-cell proliferation and tumor
angiogenesis and increases the rate of apoptosis in a wide
range of tumor models. It acts by inhibiting the serine—
threonine kinases Raf-1 and B-Raf and the receptor
tyrosine kinase activity of vascular endothelial growth
factor receptors (VEGFRs) 1, 2, and 3 and platelet-derived
growth factor receptor f (PDGFR-p). Llovet et al. [7]
reported that sorafenib prolonged median survival and the
time to progression by nearly 3 months in about 300
patients with advanced HCC. Although different types of
molecular targeted drugs have been under development,
there is no treatment option at present for the patients who
fail to respond to sorafenib. Thus, second-line treatment for
advanced HCC needs to be established.

The oral fluoropyrimidine anticancer drug, S1, includes
the dihydropyrimidine dehydrogenase (DPD) inhibitor
5-chloro-2,4-dihydroxypyridine as a component, and this
component is expected to exhibit a marked anticancer
effect by preventing 5-fluorouracil (5FU) degradation
[8-10]. Combination therapy with S-1 and interferon (IFN)
has recently been attempted in patients with advanced
HCC, and relatively satisfactory results have been reported

@ Springer

[11-14]. However, the response rate for this therapy is
limited, and the outcome deteriorates in patients resistant to
it. Therefore, if the effectiveness of this therapy can be
predicted in advance, unnecessary adverse effects can be
avoided, and other treatments may be attempted.

We have noted some candidate proteins which may have
a possible relationship with the effect of this therapy. The
cancer stem-cell marker CD133 [15-18] can reportedly
resist anticancer drugs through an intrinsic drug resistance
mechanism [19, 20]. Thymidylate synthase (TS) and DPD
are enzymes involved in 5FU metabolism, and many
reports have suggested their relationship with the thera-
peutic effects of 5FU in lung [21] and colon cancers [22].
Furthermore, interferon-receptor 2 (IFNR2) is reported to
be the most important of the receptors through which IFN
acts directly on HCC [23, 24]. Apoptosis is the primary
mechanism of the anticancer effect of anticancer drugs, and
p53 is closely involved in apoptosis [25-27].

In the present study, we sought to identify factors pre-
dicting the effectiveness of S1+ pegylated-interferon
(PEG-IFN) o-2b therapy. HCC tissue samples were col-
lected before the therapy was started, the expression levels
of CD133, TS, DPD, and IFNR2 proteins were determined
by Western blot analysis, and the presence or absence of
p53 gene mutations was examined by direct sequencing.
We found that the expression level of CD133 was signifi-
cantly correlated with the therapeutic effect. Thus, mea-
surement of the CD133 expression level before treatment
may facilitate prediction of the therapeutic effect and the
avoidance of unnecessary adverse effects.

Subjects, materials, and methods
Patients

Between January 2007 and January 2009, a total of 31
patients with refractory HCC that could not be controlled
by standard therapeutic modalities (transcatheter arterial
chemoembolization, percutaneous ethanol injection ther-
apy, microwave coagulation therapy, radiofrequency abla-
tion, and hepatectomy) underwent S-1 and PEG-IFN «-2b
combination therapy. Patient characteristics are shown in
Table 1, with more details shown in Table 2. All patho-
logical specimens of HCC were collected by needle biopsy.

Eligibility criteria

Eligibility criteria for the combination therapy included:
(1) advanced HCC that was uncontrollable with standard
treatment, or HCC with distant metastasis; (2) age <80 years;
(3) an Eastern Cooperative Oncology Group performance
status of 0 or 1; (4) Child-Pugh grade A; (5) encephalopathy
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Table 1 Characteristics of patients treated with combination therapy
of S1 and PEG-IFN a-2b

Characteristics Number of patients

Total 31
Gender
Male 28
Female 3

Age (years)

Median 66

Range 30-80
Cause of disease

HBV 10

HCV 15
Non-HBV, non-HCV 6
Child-Pugh stage

A 31
BCLC stage

C (advanced) 31
ECOG performance status

0 28

1 3

PEG-IFN pegylated interferon, HBV hepatitis B virus, HCV hepatitis
C virus, BCLC Barcelona Clinic Liver Cancer Group, ECOG Eastern
Cooperative Oncology Group

degree 0; (6) leukocyte count >3,000 cells/mm [3]; hemo-
globin level >10 g/dl and platelet count >80,000 cells/mm?;
and (7) serum creatinine <1.5 mg/dl, serum aspartate ami-
notransferase <200 IU/l, serum alanine aminotransferase
<200 U/, and serum total bilirubin level <3.0 mg/dl. The
diagnosis of HCC was made based on the hematoxylin—eosin
staining of histopathological specimens in all patients.

Treatment regimen

After the obtaining of informed consent, 31 patients were
treated with S-1 (TSI; Taiho Pharmaceutical, Tokyo,
Japan) and PEG-IFN «-2b (Pegintron; Schering-Plough,
Kenilworth, NJ, USA) combination therapy. S-1 was given
orally at a daily dose of 80—120 mg (depending on the body
surface area: <1.25 m” 80 mg, >1.25 to <1.5 m* 100 mg,
<1.5 m% 120 mg), divided into two equal doses, from days
1 to 28. PEG-IFN «-2b was given subcutaneously at a dose
of 50 pg on days 1, 8, 15, and 22. One course consisted
of consecutive administration for 28 days followed by a
2-week drug-free interval. The Medical Ethics Committee
of Kinki University of Medicine approved the study.

Assessment of response

Responses of HCC patients to the combination therapy
were assessed by contrast-enhanced computed tomography

after each course. The response was defined according
to the Response Evaluation Criteria in Solid Tumours
(RECIST). A partial response (PR) was defined as a
minimum 30% decrease in the sum of the longest diameters
of the target lesions, with the baseline sum of the longest
diameters of these lesions as the reference. Progressive
disease (PD) was defined as a minimum 20% increase in
the sum of the longest diameters of the target lesions.
Stable disease (SD) was defined as meeting neither PR nor
PD criteria. When the response achieved regarding intra-
hepatic HCC was different from that for extrahepatic HCC,
the poorer one was determined as the achieved response.

Assessment of toxicity

Blood cell counts and biochemical profiles were performed
at least once every week. Adverse reactions were assessed
using the National Cancer Institute-Common Toxicity
Criteria (NCI-CTC, version 3).

Western blot analysis

To prepare tissue lysate, HCC tissue was homogenized
with CelLytic-MT Mammalian Tissue Lysis/Extraction
reagent (Sigma-Aldrich, St. Louis, MO, USA) along with
2% sodium dodecyl sulfate (SDS) and the protease
inhibitor, Complete™ (Roche Diagnostics, Mannheim,
Germany), and centrifuged. Equal protein amounts (8 pg)
of tissue lysates were electrophoresed through a reducing
SDS polyacrylamide gel and electroblotted onto a polyvi-
nylidene difluoride (PVDF) membrane. The membrane was
blocked and incubated ‘with polyclonal IgG for TS (1/500;
Taiho Pharmaceutical, Tokyo, Japan), DPD (1/3,000;
Taiho Pharmaceutical), IFN-o/fR (1/500; Otsuka Pharma-
ceutical., Tokyo, Japan), CD133 (1/1,000; Cell Signaling
Technology, Danvers, MA, USA), and f-actin (1/2,000;
Sigma-Aldrich) in Can Get Signal® immunostain solution
(TOYOBO, Osaka, Japan). For CD133 detection, lysis of
the human colon cancer cells WiDr and DLD1 (positive
and negative controls, respectively) was examined. Protein
levels were detected using horseradish peroxidase (HRP)-
linked secondary antibodies and the ECL-plus System (GE
Healthcare, Buckinghamshire, UK).

To evaluate the signal intensity, the obtained Western
blot image data were quantified using Image J software
(NIH, Bethesda, MD, USA).

Immunohistochemistry
We performed immunohistochemical analysis of paraffin-
embedded sections of HCC. Immunohistochemical staining

was carried out with antibodies raised against CD133
(1:100), and visualized using the Dako LSAB System-HRP
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(Dako, Carpinteria, CA, USA). Sections were counter-
stained with hematoxylin.

Determination of p53 sequence

Total RNA extracted from HCC tissue using TRIZOL
(Invitrogen, Carlsbad, CA, USA) was reverse-transcribed
employing the Takara RNA PCR kit (AMV) Ver.3 (Takara,
Tokyo, Japan). p5S3 was amplified using the forward primer
5'-GAGCCGCAGTCAGATCCTA-3" and the reverse pri-
mer 5'-CAGTCTGAGTCAGGCCCTTC-3’, and nested
polymerase chain reaction (PCR) was performed using
the primers 5-CCCCTCTGAGTCAGGAAACA-3’ and
5-TTATGGCGGGAGGTAGACTG-3'. The PCR product
was purified and sequenced using BigDye terminator
version 3.1 cycle sequencing on an ABI 3100 DNA
sequencer (Applied Biosystems, Foster City, CA, USA).

Statistical analysis

Differences between groups were examined for signifi-
cance using the Mann—Whitney U-test and Fishers exact
test where appropriate. Multivariate analysis was per-
formed by using a logistic regression model. Cumulative
survival and progression-free survival (PFS) curves were
constructed using the Kaplan-Meier method and compared
using the log-rank test. All the analyses described above
were performed using the SPSS program (version 11.5;
SPSS, Chicago, IL, USA).

Results
Response

Complete and partial responses were achieved in 0 (0%)
and 10 (32.3%) of the 31 patients, respectively. The overall
response rate was 32.3%. Stable disease (SD) was noted in
3 patients (9.7%), and the disease control rate (complete
response + partial response + SD) was 41.9%. Progres-
sive disease (PD) was noted in 17 patients (54.8%). One
patient was excluded from the assessment of response,
because the patient died of HCC rupture 17 days after the
start of treatment and the computed tomography could not
be performed.

Progression-free survival rate and survival assessment

The median PFS was 1.6 months (95% confidence interval
[CI] 1.5-1.7 months). The cumulative PFS rates at 6, 12,
and 18 months were 38, 19, and 9%, respectively.

All enrolled patients were also included in a survival
assessment. Twelve patients were still alive at the end of

the observation period (median 8.2 months, range
2-25.4 months), while 19 patients had died. The causes of
death were tumor progression (n = 18) and infectious lung
disease (n = 1). The median survival time was 5.3 months
(95% CI 1.7-9.0 months). The cumulative survival rates at
6, 12, 18, and 24 months were 44, 35, 35, and 17%,
respectively.

Relationship of CD133, TS, DPD, and IFNR2 protein
expression levels in HCC with the anticancer effect
of the combined therapy

The expression levels of CD133, TS, DPD, and IFNR2
proteins, which were candidate predictive factors for the
therapeutic effect, were studied by Western blotting in all
specimens. Figure 1 shows the results in five samples from
the PR group and four samples from the PD group. The
expression level of CD133 was low in the PR group but
high in the PD group. However, no marked differences
were noted in the expression levels of TS, DPD, or IFNR2
between the two groups.

Next, the relationships of the CD133, TS, DPD, and
IFNR?2 protein expression levels with the antitumor effect
were evaluated. To compare the protein expression levels
among specimens, the relative expression level was calcu-
lated by dividing the intensity of each signal on Western
blotting by the signal intensity of actin, which is an internal
control. The CD133 protein expression level was signifi-
cantly lower in the responder group (median 0.05) than in
the nonresponder group (median 0.58) group (p = 0.005)
(Fig. 2a). In contrast, the TS, DPD, and IFNR2 protein
expression levels showed no significant differences between
the responder and nonresponder groups (Fig. 2b—d).
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Fig. 1 Expression of CD133, thymidylate synthase (75), dihydropy-
rimidine dehydrogenase (DPD), and interferon receptor 2 (/FNR2) as
possible factors predicting the therapeutic effect in hepatocellular
carcinoma (HCC). Results of Western blotting in typical cases in the
partial response (PR) and progressive disease (PD) groups. For
CD133, negative (DLDI1) and positive (WiDr) controls were used
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