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from source patients who served as the source of the
HCV infection, with the goal of elucidating the manner
of HCV infection.

SUBJECTS AND METHGODS
Patients

Between January, 1994 and December, 2000, 906
accidental exposures to blood-borne pathogens occur-
ring within the facility of Osaka City University
Hospital were reported to the Hepatitis Prevention
and Research Center. At this hospital, each person
exposed to blood-borne pathogens is followed for 1 year
after the accident to check for the onset of hepatitis or
hepatitis virus infection by hematological tests. The
source patients for 448 of these accidents were HCV
antibody-positive. Three people exposed to blood in
three of these accidents developed acute hepatitis C.
Using blood samples from these three recipient patients
and two source patients, we evaluated the number of
HCV clones and the degree of genetic diversity in HVR-1
of the HCV genome, using fluorescent single-strand
conformation polymorphism and sequence analysis
(FSSA; Otsuka Assay, Tokushima, Japan). It was not
possible to collect blood from the source patient for R-
Pt.2. Immediately after the accident, HCV antibody and
HCV-RNA were both negative in the blood samples
obtained from these three recipient patients. All three of
these patients received interferon therapy. HCV antibody
was measured by a second-generation enzyme-linked
immunosorbent assay (Ortho Diagnostic Systems,
Tokyo, Japan), HCV-RNA was quantified using Cobas
Amplicore Monitor test (Version 2.0; Roche Diagnostic,
Tokyo, Japan). Assays for HCV-RNA were performed at
our facility [Nishiguchi et al., 1992].

Oligonucleotide Primers in the HVR-1

The primer sequences for the region were: HVR-1
(sense primer for first PCR): 5 -TGGGACACATGAT-
GATGAACTGGT-3: nt 1285-1308), HVR-2 isense
primer for second PCR: 5'-TACTACTCCATGGTGGG-
AGACTGGGC-3": nt 1410-1435), HVR-3 (antisense
primer for second PCR: 5-GATGTGCCAGCTGC-
CATTGG-3': nt 1576-1595), HVR-4 (antisense primer
for first PCR and reverse transcription: 5-CGGTGCTG-
TITATGTGCCAACTGCC-3": 1581-16035). These pri-
mers were ohtained with an LKB Gene Assembler
Plus DNA Synthesizer (Pharmacia Biotech, Uppsala,
Sweden) using a protocol described previously | Schulhof
et al., 1987]. The HVR-2 primer was labeled with fluor-
escein isothiocyanate (FITC), and the HVR-3 primer
was labeled with hiotin. The labeled second forward
primer and the biotin-labeled second reverse primer for
the FSSA method were synthesized.

HCV-RNA Extraction and
Reverse Transcription

All serum samples were stored at —80'C. RNA was
extracted from a 100 pl aliqguot of serum sample as

Takeda et al.

previously described {Chomezynski and Sacchi, 19871

Reverse transcription from HCV-RNA to ¢DNA. wasg

performed using a protocol described previously [Sam-
rook et al.. 1989].

Fluorescence Single-Strand Conformation
Polymorphism (SSCP) Analysis

The number of quasispecies was determined by
fluorescence SSCP analysis. PCR products were dena-
tured for 5 min at 95°C in formamide dye (Pharmacia
Biotech), and electrophoresed in 7% acrylamide gel
{acrylamide: N N'-methylenebisacryamide = 99:1) con-
taining 5% glycerol and 7M urea using the ALF II DNA
Sequencer (Pharmacia Biotech). The conditions of elec-
trophoresis were as described in the technical manual
supplied by the manufacturer. The electrophoresis
buffer was tris-borate-ethylenediaminetetraacetic acid
(TBE 2Na-2H,0), and the fixed voltage was 1,500 V.,
The gel temperature was kept constant at 25°C with a
water jacket. The upper limit of current was 45 mA, and
the upper limit of power was 45 mW. The laser power
was 3 mW and the time interval to collection of signal
was once per 1.25 sec. Detection of HCV HVR-clone was
carried out using the Fragment Manager (Amersham
Pharmacia Biotech, Piscataway, NJ) software system.

Direct DNA Sequencing

PCR products were denatured by alkalizing, and then
the biotin-labeled fragments were recovered with
streptavidin-coated magnetic beads (Dynal, Oslo, Norway)
using a protocol described previously [Hultman et al..
1989]. The sequencing reaction was performed using an
auto read sequencing kit (Pharmacia Biotech) under
the conditions recommended by the kit supplier,
with a protocol hased on the dideoxy-mediated chain-
termination method.

RESULTS

Profiles of Recipient Patients at the Time of
Diagnosis of Acute Hepatitis

In Case 1, the recipient patient 1 (R-Pt.1) was a meale
internist who accidentally punctured his finger with a
needle after it was used for a drip infusion to a patient
with chronic hepatitis C (source patient 1; S-Pt.1) on
January 14, 1994. This recipient patient developed flu-
like symptoms in March of the same vear. On April 12,
hematological tests revealed liver dvsfunction. In Case
2, the recipient patient 2 (R-Pt.2) was a nurse, who
accidentally cut her finger with a scalpel used for
surgery on an HCV-positive patient on November 26,
1996. On December, 20 of the same vear, this nurse was
found to have liver dysfunction on hematological
testing. In Case 3, the recipient patient 3 (R-Pt.3) was
a female surgeon, who accidentally punctured her finger
with a needle during surgery on an HCV-positive
patient 3 (5-Pt.3) on June 19, 2000. On July 25 of the
same year, this surgeon was found to have liver dy-
sfunction on hematological examination. Immediately
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after the accident, all three of these recipient patients
were HCV antibody-negative. Table I shows the alanine
aminotransferase (ALT), total bilirubin (T-bil), HCV-
RNA level, HCV genotype, and HCV antibody titer
results for these patients at the time of diagnosis of acute
hepatitis. The mean length of time from accident to
diagnosis was 49 days (range 24—88 davs). Three
recipient patients received IFN therapy. For R-Pt.1,
natural IFN-alpha (Sumiferon, Sumitomo, Osaka,
Japan) was administered for 15 consecutive days at
6 MTU/day, then for another 15 days at 9 MIU/day, and
{hen three times a week for 6 weeks. However, the
patient’s ALT value remained abnormal. Therefore,
IFN-alpha (9 MIU/day) was administered for another
15 consecutive days, then three times a week for
12 weeks ttotal dose: 855 MIU). For R-Pt.2, natural
TFN-heta (Feron, Toray, Tokyo, Jupan) was adminis-
tered by injection for 38 consecutive days (6 MIU/day)
heginning on day 59 after infection, and natural IFN-
alpha (6 MIU/day) was administered for 14 consecutive
days beginning on day 81 after infection, and three
times a week during the subsequent 16-week period
(total dose: 603 MIU). For R-Pt.3, natural IFN-alpha
{Sumiferon, Sumitomo) was injected at a dose of 6 MIU
for 14 consecutive days and three times a week during
the subsequent 22-week period (total dose: 441 MIU).
In all cases, HCV was successfully eradicated by IFN
therapy.

Number of Quasispecies
Measured by SSCP Analysis

Figure 1 shows the results of SSCP electrophoresis
for each sample. The blood sampled from 5-Pt.1
immediately after the accident contained 13 HCV
clones. The blood sampled from R-Pt.1 on day 88 after
the accident contained only two HCV clones. Onday 101,
the blood from this recipient patient contained four
clones. Blood from R-Pt.2 contained two clones on
day 24 and two clones on day 59 after the accident. In
S-Pt.3, six clones were detected immediately after the
accident. In R-Pt.3, four, two, and three clones were
detected on day 39, 60, and 81 after the accident,
respectively. Thus, the number of HCV guasispecies in
blood from each recipient patient before the start of
interferon therapy was smaller than that found in blood

from the source patients examined immediately after
the accident.

Analysis by Direct Sequencing

The genetic diversity of the HCV gene in blood from
the source patients and recipient patients was analyzed
by direct sequencing. In blood from 8-Pt.1 collected
immediately after the accident, genetic diversity was
observed at 36 sites. On day 455, genetic diversity was
observed at 34 sites. Thus, high genetic diversity
continued to be ohserved in this patient. In R-Pt.1, who
was exposed to blood from the source patient. variation
was observed at two and four sites when examined on
day 88 and 101 (at the start of IFN therapy) after the
accident, respectively (Fig. 2). In 3-Pt.3, base variations
were observed at 20 sites immediately after the accident;
however, no base variation of HCV was observed in blood
sampled on day 39, 61, and 82 (start of IFN therapy), as
shown in Figure 8. R-Pt.2 exhibited no variation on day
24 and 59 (not illustrated). Table II summarizes the
number of HCV quasispecies and genetic diversity in
individual patients. The number of guasispecies and
genetic diversity for recipient patients during the period
from the onset of hepatitis to the start of treatment were
lower than those of source patients.

DISCUSSION

Tt is known that HCV quasispecies are found among
HCVs of the same genotype detected in the same patient
[Kato et al., 1993]. The presence of HVR-1 is known
for the E2/NS1 region of the HCV envelope. The bhase
sequence of HVR undergoes changes within individueal
HCV-infected patients [Ogata et al., 1991; Martell et al.,
1992; Higashi et al., 1993]. It has been reported that
variation in HVR base sequence becomes greater as the
HCV-infected period becomes longer {Okamoto et al,
1992]. However, it was shown that the evolution rate of
HCV domain strains was greater at the early stages of
the infection than during the chronic phase |Cabtalobe
et al., 2003). In the present study, we measured HCV
quasispecies, including HCV minor strains, and showed
that the number of HCV quasispecies was smaller in
recipients than in source patients. It is also known that
HVR base sequences can be modified hy treatment

TABLE 1. Profiles of Recipient Patients at the Time of Diagnosis of Hepatitis

At day of diagnosis of acute hepatitis C

Alanine HCV
Length of timeto aminotransferase Total bilirubin HCV-RNA HCV antibody
Case Job  Sex  Age diagnosis idays) (ALTY (JUD (T-hilr tmgedl)  level” (KIU/ml)  genotype (COL
1 Dr M 24 88 534 1.1 100 ib 4.7
2 Ns F 24 24 514 0.6 «<0.5° ib 4.7<
3 Dr F 28 36 1,024 1.4 850 1b {—)

Dr, doctor: Ns, nurse.
“Measured by the Cobas Ampli
"HOV-RNA wae positive by a;

Monitor test fversion 2.0}
rformed at our facility.




Source patient Recipient patient
On the day of the accident At the day of dlagnosvs At the start of IFN therapy
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Fig. 1. Clonenumbers delermined by single-strand conformation polymorphism (83CP; analysis of HC'V
hvpervariable region-1 (HVR-1). Figures at left indicate the pattern of source patients immediately after
the accident. Figures at center indicate the patiern of recipient patients at the fime of diagnosis of acute
hepatitis. Figures at right indicate the pattern of recipient patients at the start of IFN therapy.
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by direct sequencing. Genetic diversities of HVR-1  and C (cytosine! are clones corresponding to a single base. Combina-
for source 'mtwnt 1¢3-Pt.1: and recipient pdtlent 1{R-Pt.1rareshown. tions of base sequences corresponding to the other abbreviations are
The uppermost column shows the combinations of nucleic acidsread by shown in tbe second Jxra.;gh th columns. For example. N indicates
sequencing. The gites marked G tguaninel, A tadenine), T tthymine),  the presence of clones in which the given site has the base G, A, T, or C.
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Source patient 3
On the day of the accident
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Fig. 3. Analysis by direct sequencing. Genetic diversities of HVER-1
for SPt.3 and R-PL.3 are shown. The uppermost column shews the
combinations of nucleic acids shown at sequencing. The sites marked
(; tguanine!, A (adenine), T tthymine). and C icytosine) are clones
corresponding to a single base. Combinations of base sequences

with IFN or immunosuppressors [Okada et al., 1992
Higashi et al., 1993; Martell et al., 1994; Nishiguchi
et al., 2002]. Changes in the amino acids constituting
HVR can alier the three-dimensional structure of the
virus [Taniguchi et al., 1993]. It has been suggested that
HVR has B-cell epitopes, and their close relationship
with escape from the host’s immunosurveillance
mechanisms has been pointed out. If variation in the
HCV gene becomes large, response to IFN therapy may
decrease |Farei et al., 1992; Weiner et al.,, 1992; Kato
et al., 1993]. Toyoda et al. [1997] showed that when IFN
was used for patients with chronic hepatitis C, the
number of HCV guasispecies of HVR-1 was smaller in
complete responders than in relapsing patients and

CEGGRGCTBCECARGGCCACRCCAC TCARTCS UTTE

50

ations are shown in the second
through fifth columns. For example, N indicates the presence of clones
in which the given has the base G, A. T, or C. In R-Pt.3. only one
tvpe of clone was revealed by sequencing at each of the three points
of thne.

corresponding t

non-responders, suggesting that this number can serve
as the sole predictor of the likelihood of HCV-RNA
disappearance during IFN therapy. Farci et al. 12000]
caleulated genetic distance between variants at the time
of infection and at antibody seroconversion, and then
showed that HCV genetic diversity was lower in patients
who spontaneously eradicated HCV during the acute
phase than in patients who became chronic carriers.
Sequencing of multiple clones of HCV ¢cDNA has shown
that the composition of the HCV quasispecies changes.
However, cloned cDNA may sometimes give a skewed
picture of the mutant composition due to bias during the
clone selection, and the technique makes it laborious to
study more than a few patient samples. It has been

TABLE II. Time Course of Changes in Fluorescence Single-Strand Conformation
Polymorphism and Sequence Analvsis (FS5A) Resulis

Source patient

Recipient patient

Days after Number of

Genetic

Days after Number of Genetic

Case the accident quasispecies  diversity the accident  guasispecies  diversity
1 0 13 36
88 2 2
101 4 4
455 b) 24
2 ND ND
24 2 0
39 2 0
3 0 6 20
39 4 0
60 2 0
81 3 0

The results of FSSA analysis for source and recipient patients in Cases 1, 2, and 3 are s

chronologically. The day when the accident occurred was considered to be day 0. For each recipient

the uppermost column indicates the date of diagnosis of acute hepatitis and the lowest column shows the
result for the serum sampled at the start of treatment.
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demonstrated that HCV with the same number of SSCP
bands at different times after liver transplantation has a
different ]ncanon 9nd number of HVR-1 polymorphic
sifes [Yun et al,, 1997]. The FSSA used in this study is
not capable of du ecLIy measuring the hase sequence of
each clone, but can check for hase variations of most
clones. With this method, base variation can be detected
if it is present in 6% of all strains, and clones can be
detected if their amountis atleast 1% of the HCVsin vivo
{data from Otsuka Assay). When the number of base
variafions is smaller than the number of clones, clones
account for only several percent of all strains. In the
present study, we analyzed polymorphism of the HCV
gene in blood from recipient patients who developed
acute hepatitis C following accidental exposure to blood-
borne pathogens at our hospital, and in serum samples
collected from source patients immediately after the
accident. As a result, it was confirmed that the number
of HCV quasispecies was smaller, and that genetic
diversity in blood from recipient patients was lower,
than in blood sampled from source patients immedialely
after the accident. Kojima et al. [1994] demonstrated in
experimental infection of chimpanzees that a population
of HCV not bound to immunoglobulins was transmitted
as a single population. In view of this finding, it seems
likely that the HCV, which proliferates within the
recipient patient following its transfer from the source
patient via blood exposure, is not equivalent to the HCV
found in the source patient.

In the acute stage of hepatitis C, the low genetic
diversity and small number of quasispecies of the HCV
proliferating within the recipient patient make it more
probable that HCV will be eradicated by IFN therapy.
Multiple clones, which differ little from each other in
terms of base variation sites, differ little in terms of
amino acids and have similar three-dimensional struc-
tures. These clones are likely to he eradicated together
[Taniguchi et al., 1993].

In conclusion, when HCV infection has occurred from
source patients with HCV in recipient patients due to
exposure to blood, only a portion of the clones present
in the blood of source patients can proliferate within
recipient patients. These results suggest that starting
IFN therapy for patients with acule hepatitis C during
the stage of low HCV polvmorphism will lead to greater
success in eradication of HCV.
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We previousty observed thal a chemokine. macrophage inflamima-
tory profein-1 2/CCL3, and its receptor, CCR1, were aberrantly
expressed in human hepatocellular carcinoma {HCC) fissues.
Here, we show that CCL3 and CCR1 are also expressed in 2 dif-
ferent models of this cancer; N-nitrosodicthylamine (DEN)-in-
duced HCC and HCC induced by hepatitis BB virus surface (HBs)
antigen-primed splenocyfe transfer (o myelo-ablated syngencic
HBs antigen (ransgenic mice. Af 10 months after DEN treatment,
foci number and sizes were remarkably reduced in CCRI- and
CCL3-deficient mice, compared with those of wild-type (WT)
mice, although tumor incidence were marginally, but significantly,
higher in CCR1- and CCL3-deficient mice than in WT mice. Of
nole is that tumor angivgenesis was also markedly diminished in
CC1.3- and CCR1-deficient mice, with a concomifant reduction in
the number of intratumoral Kupffer cells. a rich source of growth
factors and matrix metalloproteinases (MMPs), Among growth
factors and MMPs that we examined, only MMPY and MMP13
gene expression was augmented progressively in liver of WT mice
after DEN treatment. Morcover, MMPY, but not MMP13. gene
expression was attenuated in CCR1- and CCL3-deficient mice,
compared with that of WT mice. Furthermore, MMP9 was ex-
pressed mainly by mononuclear cells bul not hepatoma cells,
and MMPY-expressing cell numbers were decreased in CCRY- or
CCL3-deficient mice, compared with WT mice. These observa-
tions snggest the confribution of the CCR1-CCL3 axis to HCC
on.

Wilev-Liss. Inc.

Key words: angiogenesis; chemokine; carcinogenesis: Kupffer cell:
malix metalloproteinase

Chemokines are a large family of chemouattractant cytokines for
leukocyies. 2 and their receptors belong to a family of specitic G
protein-caupled 7-transmembrane domain receptors.” A wide vari-
ety of tumor cells can produce various chemokines either constitu-
tvely or in response W0 various stimuli! Then. chemokines can
reeruit various types of leukocytes, including monocytes/macro-
phages. lymphocytes and dendritic cells. thereby. modulating host
responses to tumors. Moreover. several chemokines can control
angiogenesis, a process essential for tumor growth. enher directly
or as a consequence of leukaeyte infilation and/or the induction
of growth factor production.” Furthermore. some chemokines can
euide the growth and the moliliry of wumay cells” thereby. alfect-
ing the processes of tumor progression,

Heputocellular carcinama (HCC is endemic in Asia, Alrica and
southern Furape. and ranks as the eighth most common cuuse of
death among wtal human cancers. Most cases of HOC wise Trom
chronic infection with human hepatitis B virus (HBV) o1 human
hepatitis C virus (HOV Although several fines of cvidence sug-
gest the potential involvement of the chemaokine intereukin-&/
CXCLY in the development off HOC? M ather chemolines and
their receptors mayv also play a yole. Tn this tegand. among various
chemokine receptors including CCR Y. 203 4and 5. CNXCORTL 203
and 4. we observed previously that CORT wus the only ane
expressed condtitatively in aff the & human hepatoma b dines
that we examined.” Mareover, CORT and e Hgand COLY were
Slsa expressed abundanty by amor cells and o g loseer

Bty sl atier of e
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e

endothelial cells in uman HCC tissue.’ These observations sug-

gest that the CCL3-CCR1 axis can exert its effects on tumor cells

as well as endothelial cells in an autocrine or paracrine manner
Chronic HBY or HCV infection can cause continuous and

recurrent eyeles of hepatocyte necrosis and regeneration. resulling

in accumulation of mutations. - Etiological studies have demon-
strated that cigarette smoking increases the risk of HCC signifi-
cantly among patients with chronic HBV infection because it con-
{ains N-nitrosamines, a potent class of hepatocarcinogen. ™ !
Because N-nitrosodiethylamine (DEN). a specific N-nivosamine,
can capse HCC with a high [requency in rodents when adminis-
tered to suckling animals,”™'® the DEN-induced hepatocarcino-
genesis model has bzen nsed 1o clarify the molecular mechanisms
of hepatocarcinogenesis even though most cases of HCC anise
from chronic infection of HBV or HCV.

Hence. 1o test the roles of CCL3 and CCR1 in hepatocarcino-
genesis. we weated both WT mice and mice delicient in either
CCL3 or CCRI gene with DEN. Here. we provided the first defini-
tive evidence on the contribution of the CCL3-CCR1 axis o HCC
progression in an animal model.

Material and methods
Reagenis

DEN was purchased from Sigma-Aldrich (St Louis. MO). Rat
anti-mouse F4/80 (clone: A3-1) and anti-CD34 (MEC 14.7) mono-
clonal antibodies were obtained from Serotec (Oxford, United
Kingdom). Rabbit anti-mouse CCR} antibadies were prepared !
and kindly provided by Dr. Kouji Masoshima (University of
Tokyo). Goat anti-mouse CCL.3 and goat anti-mouse mauix met-
alloproteinase (MMP) 9 antibodies were obtained from R&ID Sys-
tems (Minneapolis. MN).

Mice

Specific pathogen-free C57BL/6 mice were purchased {rom
Charles River Japan (Yokohama. Japan) and designated as wild-
tpe (WT) mice. CCL3-deficient mice'™ were obtained from Jack-
<on Laboratories (Bar Harhor. ME) and CCRI-deficient mice were

Ahbrevieniony, WFGE. basic fibroblust growth factor: DEN. A-pitrosodie-
thvlamine: 1B heparitis B virus surfuee antipen: HEV human hepalits B
virs: HOC. hepatocellalar carcinomia: HOV, buman hepatitis O virus:
HGE. hepatocyies growth factor: IMY'D. intraiumeoral microvesse) density:
MNP, matdy metabloproteinase: RT-PCR. reverse transeription-polymer-
ase chain reuction: TIMP, whibitor of matrix metalloproeinase:
VEGE. vascular endothelial gro :
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senerated as described prcviousl_\".w These deficient mice have
heen backcrossed o C37BL/6 mice for al least 8 generalions and
were kept under specific pathogen-free conditions. The prepary-
tion of HBsAg vansgenic mice were described p]L\musl\
These mice coniain the entire HBV envelope containing region
(subtype ayw) under the constitutive transcriptional control of the
mouse albumin promoter and express the HBV small. middle and
farge envelope proteins in their hqmmqu.s All animal experi-
ments were performed in compliance with the Guideline for the
Care and Use of Laboratory Animals on the Takara-machi Cam-
pus of Kanazawa University.

DEN-induced hepalocarcinogenesis model

Three-week-old weanling male mice were piven a single intra-
peritoneal injection of DEN dissolved in phy smlomc suline solu-
ton at a dose of 10 pgfe of body weight” Mice were killed
10 months after injection. for the evaluation of HCC development.
When mice died before this tune imerval. the liver was removed
10 enumerate the number of tumors on the tiver surface, larger
than 1 mm. and to be fixed in 10% neutral-formalin buffer for his-
tological analysis. Tn another series of experiments, mice were
kitled at the indicated time intervals after DEN veatment for histo-
logical analysis and extraction of total RNA.

Hepatocarcinogenesis model in HBs aniigen iransgenic mice

Hepatocarcinogenesis was induced in HBs antigen transgenic
mice by replacing bone marrow cells and splenocytes derived
from syngeneic non-transgenic mice immunized with HBs anti-
gen. as pxwlously described.™ In this model. until 15 months afier
the splenacyie transfer. mice exhibited multiple HCC foci sur-
rounded by non-tumor areas with hepatocytes. with an atypical
nuclear configuration.

Histological analysis

Paraffin-embedded sections were cut al 5 pm and stained with
hematoxylin and eosin solution. The numbers and sizes of the neo-
plastic foci were determined by an examiner without any prior
knowledge about the experimental procedures. according Lo the
method of Pierce,™ with some maodifications. The foci number per
cm” and the percentage of the areas ocuupicd with tumor foci were
determined by using NTH Image analysis software ver 1.62
(Natonal Institutes of Health. Bethesda. MD).

Immunohisiochemical anclvsis

Rabbit anti-mouse CCR1 (3 pg/mly. goat anti-mouse CCL3
(10 pg/mly or goat anti-mouse MMP9 antibodies (5 pg/ml) were
used as the primary antibodies. The sections were further incu-
hated with biotinylated goat anti-rabbit or rabbit anti-goat im-
munoglobuling as the scu)ndary antibodies. The immune com-
plexes were detected by using Veclastain Elile ABC kit and DAB
Substrate Kit (Vector Laboratories. Burlingame. CA) according 1o
the manufacturer’'s instructions. The slides were then counter-
stained with hemataxylin, The numbers of MMP9-expressing cells
were counted on 5 randomly chosen fields from wmor and non-
tumor areas in each animal at 400-fold magnification. by an exam-
iner without any prior knowledge of the experimental procedures.

Cell profiferarion avsay

Human hepatoma-derived cell fines. HuH7 and HepG2 cells.
were maintained i Dulbeceo’s modified  essental  medium
TDMEM: Sigma chemical. St Louis. '\1(’)) supplemented with
0% heat-inactvaled fetal bovine serum (Atlanta Biological. Nor-
cross, GA) in a humidified incubator at 37°C in 5% CO-. HuH7
and HepG2 cells were seeded mlo cach well ol 3 96-multi-vell
plate at o cell density of 1< 16 and 5 07 espectivelys in te
presence of recombinant human CCL3 (R&D S' denis) at difler-
ant concemrations. Forty cight hours tater. the cell viabidity was
determined using WS weagent con MTT analog Iyom Roche

YANG LT AL

Diagnostics Corporation. Bochringer Mannheim) according to the
manufacturer’s instruclions.

Enumeration of FE80-positive colls

Paraffin-embedded sections were depuraffinized in xylene and
rehydrated through graded concentrations of ethanol. After serial
veatment with 1% (w/v) hydrogen peroxide in methanol. the see-
tions were incobated overnight at 4°C with rat anti-mouse F4/80
() pe/ml) 1o detect mameJmus/KupHu cells. Tissue sections
were then incubated with biotun-conjugated anti-rat immunoglobn-
lin antibody and uveated with a Catalyzed Signal Amplification Kit
(DAKO) according o the manufacturer’s instructions. The num-
bers of F4/80-positive cells were counted on 5 randomly chosen
fields in (mor as well as non-tumor areas in each animal at 200-
fold magnification. by an examiner without any prior knowledge
of the experimental QI‘()L‘CdUrC§ The area of cach field is calcu-
dltd 10 be (.785 mm~ and the numbers of F4/80-positive cells per
mm? were calculated on both tumor and non-tumor areas.

CD34 imnunohisiochemnical suiining and inbratumoral
nitcrovessel density deternineation

After deparaffinization of the sections. the slides were treated
with 1% (w/v) hydrogen peroxide in PBS for 10 min and trvpsin
for 20 min at 37°C. Thereafier. the sections were incubuted over-
night at 4°C with 5 pg/ml of rat ani-mouse CD34 monoclonal
Amxbod\' 10 delermine 1mmunuhlsmuhunu,al staining and intratu-
moral microvessel density (IMVD).”" Tissue sections were further
incubated sequentially with biotin-conjugated anti-rat immunoglo-
bulin antibody and ABC kit according to the manufacturer’s
instructions. The slides were then reacted with a Veclastain DAB
Substrate Kit and countersiained with hematoxylin. CD34-positive
areas in the wmor tssues were defined as the intratumaral vascu-
lar areas. Fields of abundant neovascularization (hot spots) were
found by scanning the sections at low magnification (X40 or
X100), and then the microvessel numbers as well as the pixel
numbers of CD34-positive areas were determined on 5 randomly
chasen fields in hot spots of each animal at 200-fold magnifica-
tion. with the aid of Adobe Photoshop software Ver 7.0. IMVD
was defined as the average number per one filed at 200-fold mag-
nification and the percentage area of blood vessels.

Senmi-quumitative reverse wanseriprion (RT)-polvimerase cliain
reaction iPCR}

Total RNA wus extracted from a part of liver with RNAzol B.
according o the manufacturer’s insuuctions. Afler the RNA prep-
arations were turther treated with ribonuclease-free deoxyribonu-
clease (DNase) 1 iLife Technologies, Gaithersburg, MD) to
remove  residual »vummlc DNA. ¢DNA was sy nthesized  as
described plumuxl\ Serially 2-fold diluted cDNA was ampli-

fied for P-actin. uxuu specific sets of primers (Table 1) as
(Icsul'ihc.d previonsty. ' Thereafter. equal amounts of ¢cDNA prod-
ucts were amplified Jor cviokines, matrix  metalloproteinases
(MMP) and tissue inhibitors o MMP (TTMP). vsing specific sets
of primers based on the reported sequences (Table ). with the
indicated cvele numbers of 94°C for 30 sec. 35°C Jor | min and
72°C for 1 min The amplified PCR pradocts were fractionated on
a 1.5% agarose el and visualized by ethidium bromide <taining.
The intensitics af the bands were measured with the aid of NTH
Image Analysis cofiware. and the ratios o B-uctin were deter-
niined.

Snniviical aiad s

Parior incidence was anabyzad by using 77 test for contingeney
wbie. All othor dala ware .n..ll b staustically using one-way
ANOVA Tollowad by the Fiher's protecied least significance dif-
Terence €50 Mann-W hivies '~ Ehest p o~ (LOS was considerad
sttt i nifican
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TABLE |- THE SEQUENCES OF THE PRIMERS AN THE CONDITIONS USED FOR KT PR ANALYSIS

Sepse prime Antisense prier Cre Product thpy

[-actin 25 s14
CCRI 32 4758
32 284

35 S09

5 295

25 387

35 531

35 620

35 606

35 754

35 610

35 SK3

TEGTGRETIAGLCCCR 35 4490

FrotRe 3 - Aberrant expression of CCRT and CCL3 in hepatocarcinogenesis. fa) Bumuonohistochemical detection of CCRT and CCL3 in
HB« antigen transgenic mice. Immunohistochemical analysis using anti-CORY (~ivz anli-CCL3 antiboadies (vi-ivy or species-matched control
antibodies (v, vy was performed on control liver (L viy and non-tumor (i, vif) and tamoy postions (i deov, v and 2y in diver in HBs antigen
ransgenic mice at 15 months after splenacyte transfer. as deseribed in Matesial and Methods, Representative results from 3 individual animuls
are <bown here, The wrows in #i and viii indicate positivelv-stained bile duct and endafielial celts. v and & indicate positively-stuined HCC
cells, Original magnification, 2 100 (7 and i, ¥ 200 i i viand iy, 2400 Gy v ivand o Scale bars, 50 pm. (bt CCRI and CCLE mRNA
expression in liver after DEN treatment. RT-PCR was performed on totad RNA et ted from WT wiiee Jiver at 0.2, 4. 6, and 10 months after
DEN treatment. as deseribed in Material and Methods. Representstive resufts from 5 individual exporimenis ure shown here. (¢ Immunohisto-
shemicad analyeis of CCRT and CCOLR protein in WT mice liver after DEN rearment Liver nsaues were abtaned from WT mice wi 2 (7 and »i).
6 i and vin i 10 months adter DEN treaament s, v vid, i and v Bumunohistochesical wialysis was performed using amti-CCRT (G-v),
anti-CCL3 antibodies (- or species-matched control antibadies oo vt as deseribed jud snd Methods Arrows in o and il indicate
positivelv-stained HOC celfs while an wrow inay indicates pesitivelv-stamed eredotheliad <ol The wrows and the inser iseale bar, 10 pmg in iy
wdicae mfiliraing Kmphoeytes, Represeniative results from 23 ach e point are e heres Origingd magnificanon, 100
coand iy 2 200 cep and sy 2 A0 s and 2 v Seale bare s St

als b
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Results
CCL3 and CCR1 expression was enhanced progressively in 2
mouse maodels of HCC development

We previously observed the constitoiive expussmn of both
CCL3 and its receptor. CCRIL in human HCC tissues. " Hence. to
investigate the role of the CCL3-CCR1 axis in the HCC develop-
ment. we first examined whether CCL3 and CCR1 proteins were
expressed in mouse HCC arising in HBs antigen transgenic mice.
We failed to detect any CCL3 and CCR! protein expression in
control mouse liver (Fig. Ta-i and vi). At 15 months after the HBs
antigen-immunized splenocyte transfer. the liver possessed tumor
areas surrounded by non-tumor areas. as described previously.™
In non-tumor portions. a small number of hepatocytes were immu-
nostained with anti-CCR1 (Fig. la-it) or anti-CCL3 antibodies
(Fig. 1a-vir). In contrast. tumor cells, some smali bile duct cells
and endothelial cells were strongly stained with anti-CCR1 or
CCIL.3 antibodies (Fig. Ta-7ii, iv, viii and (x). We next examined
the expression patierns of CCL3 and CCRI in mouse HCC
induced by a chemical carcinogen. DEN. CCL3 mRNA expression
was fainly detected in liver from untreated WT mice. and
enhanced progressively, thereafler. In contrast. CCRJ gene expres-
sion was first detected 4 months after the ureatment and was aug-
mented progressively, thereafler (Fig. 1h). CCL3 protein was
detected immunohistochemically <)Lmsmmll) on vascolar endo-
thelial cells in untreated mouse liver with no CCRI expression
idata not shown). Later than 2 months alter DEN veatiment, CCL3
protein was detected additionally in hepatocytes (Fig. Te-wi and
vir). AL 10 months. CCL3 was evident in tumor cells (Fig. 1e-vidi)
and endothelial cells and some infiltrating mononuclear cells (Fig.
le-iv). Concomitantly, CCR1 protein was expressed in tumor
cells. vascular endothelial cells and some infilorating mononuclear
cells (Fig. Te-iif and iv). Thus. CCRI and CCL3 were aberrantly
expressed in liver in both hepatocarcinogenesis models.

Effects of CCL3 on human hepatoma cell fines

Because (‘C R1 was expressed by hepatoma cells in both mouse
and human.'’ we next evaluated the effects of CCL3 on human
hepatoma cell tines. CCL3 inhibited the prolderation of human
hepatoma cell lines marginally. but significantly, at concentrations
higher than 100 ng/ml (Fig. 2¢ and 2)). Because hepatoma cells
could produce CCL3 ahundaml) only in response 10 mterleukin 1
and other pro-inflammatory L\(()}\II]LS but not constitutively.'
CCL.3 may have some autocrine and paracrine elfects on hepa-
toma cells.

Important roles of the CCRI-CCL3 axis 1o DEN-induced
hepuatovarcingeenesis

To evaluate the contribution of CCR | or CCL3 tw DEN-induced
h{'pmocarcinovcnc<’is we administered DEN to WT, CCRI-defi-
cient and CCL3-deficient mice. At 10 months afier DEN weat-
mient. there was a marginal, but significant. difference in werms of
HCC incidence between CCRI- and CCL3-deficient mice. com-
pared with that of WT mice (5/13 cases. WT mice: 7/10. CCL3-
deficient mice: 12/13. CCRI-deficient mice: p < 0.05). On the
contrary. among tumor-hearing mice. the ratios of liver weights
body weights were significantly reduced in CCRI- and CCL3-
deficient mice. compared with that of WT mice (Fig. 34). More-
over, among tumor-hearing mice. the focl number per em™ and the
praportion of ssues oceupied with tomor were significanily
decreased in CCL3- and w a lesser degree. CORT-deficient mice.
compared with that of WT mm (Fig. 3b and 3¢} Since CCLS can
hind both CCR1 and CCRA.' = the compensatory effect of CCRS
in CCRI-deficient mice may account for a lesser reduction in
wmor numbers and sizes in CCRT than CCL3-delicient mice.
Nevertheless, these results suggest e important roles ol the
CORT CCLA axis i DENinduced hepatocarcinogenesis,
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Fisere 2 The effects of CCL3 on hepatoma cell lines. Gither
HuH7 () or HepG2 (by cells were incubated in the presence of the
indicaled concentrations of CCL3, and cell proliferation rates were
assessed as described in Material and Methods. Similar experiments
were repeated 3 times and representative results are shown here with
error bars as SEM (n = 3).

Reduced Tniratumoral neovaseularization and Kupffer cell
acceunndation in DEN-mreated CCR1- and CCL3 -deficiont mice

Reduced wmor foci number in CCR1- or CCL3-deficiem mice
may suggest that neovascularization. a prerequisite for hepatoma
progression. was impaired in the absence of CCRI or CCL3. Sup-
porting this notion. both the microvessel numbers and the propor-
tion of vascular areas in twmor arcas were significanly reduced in
CCL3- and CCRI1-deficient mice. compared with WT mice (Fig.
4a and 4b). Becanse CCR1 is expressed by various types of cells
including macrophages and KupiTer cells. a cellular source of varni-
ons types of growth factors. we next determined macrophage and
Kupffer cell numbers in HCC foci in WT and gene-deficient mice.
In twmor areas. the numbers of F4/80- positi\i cells were remark-
ably depressed in both CCRI- and CCL3-deficient mice, com-
pared with that of WT mice. although the numbers of F4/80-posi-
tve cells in non-wmor uarcas were only modestly reduced in
CCL3- but not CCRI-deficient mice. compared with those of WT
mice (Fig. 4ci Becase F4/B0 antigen is expressed by both
Rupfler cells and blood-derived nmcmphdnu 4 more specific
marker for blood-derived macrophages. ER-MP20.™ was used.
However. we detected few., if any. ER-MP20- -positive cells in this
madel fdata not showny These observations would indicate tha
the CCLACORT ands has a crucial vole also in the accumulation
of F4RO-positive Kuptfer cells into tumor areas in this DEN-
induced bepatocarcinogenesis.

Reduced MVIP-Y opresseons i tiver from DEN reared
CORT- nd CCL S deficic v e
W et enestigated the gene expression of potent angiogenic
factors. ~aseninn endothicliad growth factor (VEGF). basic fibro-
crovth factan (hFGEF and hepatocyvie growth Jactor (HGFE)
by oreverse nanscoption polsmerase chain reaction (RT-POR).
Phe cone vepae-sien ef these smejogenic factors did not change

blast
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Ficure 3 - Atenuated twumor formation in CCR1-
and CCL3-deficient mice at 10 months after DEN
ireaiment. Livers were oblained from mice al
10 months after DEN treatmen o examine the pre-
sence of HCC foci. Among tumaor-bearing mice of
cach strain (WT mice, n = 5; CCL3-deficient mice.
n = 7. CCR1-deficient mice, n = 12), the relative
ratips of liver 1o body weights (@), foci number per
em® (b, and the proportion af tissues occupied with
wmor foci (¢) were determined as described in

Relative liver weight (%)

_

WT CCL3+- CCRit-/-

40

[
=]

Foci numberfcm?
n
S

10

% tissue involvement

Material and Methods. Each value represents mean 0 o
— SEM. * indicate p < (L{}5. compared with that of
WT mice. WT EECCL3-- CCR1-/-
%0 7 “E 4000
h) E w WT
B § 8 S = CCL3-
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WT CCL34-CCR14-

Tumot area

Non-tumnor area

Flooke 4 - Reduced IMVD and Kupffer cell numbers in liver of DEN-treated CCR1- and CCL3-deficient mice. (¢ und by Livers were
abtained from each swain at 10 months afier DEN treamem and processed for immunostaining with anti-CD34 amibodies. IMVD was defined
as the micravessel numbers per field at 200-Told magnification (a} or the proportions of CD34-positive arcas (b} as described in Material and

Methads, each value represents mean = SEM (1 = 5).

*indicate p < 0,03, compared with that of WT mice. (¢) Livers were oblained from each

<train at 10 months after DEN treatment and processed for immunostaining with an anti-F24/80 monocional antibody. The numbers of F4/80-pos-
iive cells in non-tumor and tumor arcas were determined as described n Material and Methods. Each value represents mean = SEM (n = 5)

= 005 #F p < 001,

significantly in WT mice. at any Lime after DEXN injection that we
examined (Fig. 5a). Similar results were obtained for the expres-
sion of VEGF receptors. FIA-1 and Fli-] (Fig. 5a). Moreover, there
were no significant differences in terms of the expression of these
factors and receptors between WT and CCL3- or CCR1-deficient
mice (data not shown). Because the balance between MMP and
TIMP has crucial roles in the degradation of extracellular matrix
proteins and subsequent angiogenesis. we nest determined the
gene expression of MMP and TIMP. Among M MP and TIMP that
we examined, MMPY and MMPI3 gene expression was aug-
mented progressively in WT mouse liver after DEN treatment
(Fig. 5b). Moreover. MMPY. but not MMPI3. gene expression
was remarkably redoced in CCL3- and CCR1-deficient mice.
compared with that of WT mice (Fig. 5c). We further observed
that MMP9 proteins were detected in mononuclear cefls aceuniu-
fated inside hepatoma tissues arising in both DEN-ucated mice
(Fig. 5d) and HBs antigen transgenic mice (data not shownj. We
cammot exclode completely the possibility that HOC cells express
MNMPY helow the detection limit of the present immunohistocheny-

jcal analysis. Nevertheless, it is likely that a major source of

NMMPY was mononuclear cells in these modets. Moreaver. the
number of MMPY-positive cells in wmor sites were sianificantly
decreased in CORI- or CCL3-deticient mice. comipared with that
of WT mice (Fig. 5 and 5¢3.

Discussion

DEN. a potent chemical hepatocarcmagen. acts as miliator

o canee 4 G-C o AT ransition mutation through the methylvion

of gu;mine.zh As a resull. when suckling rodents were given DEN.
HCC dcvqln{}md with a high frequency with minimal inflammatory
chz\ngcs,h"’ Myelo-depleted HBs vansgenic mice developed
HCC until 15 months after the transfer of splenocytes obtained
from syngencic non-transgenic mice that had been primed with
HBs antigen.™ This hepatocarcinogenesis occued in the pres-
ence of chronic hepaitis, as observed in human HCC associated
with chronic HBV or HCV infection.” Here. we have provided
definitive evidence that CCL3 and CCR] were expressed aber-
rantly in tumar cells in these 2 distinctive murine hepatocarino-
genesis models. Thus. together with our previous observations on
human HOC tssues.'! these results snggest the generality of the
aherrant expression of COR1 and CCL3 in HCC tissues.

T'o detine the roles of the CCEL3-CCRY axis in hepatacarcino-
genesis. we adminisiered DEN 10 CCR1- and CCL.3-deficient
mice as well as WT mice. Interestingly, both CCL3 and CCRI
alfected both HCC initiation and tumor progression. but in oppo-
dite wavs, Whereas HCC occurred more frequently in both CCL3-
and CORI-doficent mice compared with that of WT controls.
tamor burden (fact nunber and the proportion of the organ occu-
picd by tumory was dramatically reduced in the formes mice. The
precise mechani~ms underlying these affects are not vel clear.
howerer. our data point 1o several intriguing possibilities. With
i o disense nitiation. we Jound that recombinant CCL3
stimubation f hepatoma ool lines is able o retard cell growth
virre in g concentraton dependent manner. fu vive. this could
potentintly ranshate ime w grovth disadvantage for newly lrans-
Tormed hepatocir o cells thereby, Tacilitating sunveiliance
and erdicavion of these colle B immune-mediated mechanisms

i
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(a—c) Gene expression of angiogenic faciors and their receptors and matrix metalloproteinses. (¢) RT-PCR for the genes of angio-
genic factors and VEGF receptors was performed on total RNA extracted from WT mice liver at the indicated time imervals (0, 2, 4, 6 and

10 months) afier DEN treaiment, as described in Material and Methods. The ratios of each gene to B-actin were determined. Each vilue repre-
sents mean = SEM (n = 5). m, month. {(h) RT-PCR for MMP and TIMP genes was performed on totdd RNA extracted from WT mice liver a (),

2,4, 6 and 10 months afier DEN weaiment, &
value represents mean = SEM (7 = 5) wit}

described in Material and Methods. The ratios of each gene 1o B-actin were determined. Each
“indicating p < 0,01, compared with 0 month. m. month. (¢) RT-PCR for the indicated genes was

performed on total RNA extracted from wmor bearing liver of WT, CCR1- and CCL3-deficient mice at 13 months after DEN treatment in a

separale experiment from the experiments shown in Figure S¢ and b
were determined. Each vidue represents mean = SEM (n = 5) with

as des
indicating p < 0.01, compared with that of WT mice. () Inununohisio-

ribed in Material und Methods. The ratios of each gene o B-actin

chemical detection of MMIP9-positive cells in liver after DEN treaument. Immunohistochemical analvsis was performed on liver tissues abtained
from WT, CCL3- or CCRI1-deficient mice at the indicated time intervals after DEN treatment. as described in Material and Methods. Represen-
tative results [rom 6 individual animals are shown here. Original magnification, » 400, Scude bars. 50 pm. iey The mumbers of MMP9-pasitive
cells in WT, CCL3- ar CCR 1-deficient mice liver at 10 months after DEN treatment. Alf values and bars represent the mean and SEM caleulated

on the results from 6 individual animals, respectively, ** p < (.01

The net result would be decreased incidence of HCC in WT mice
as compared with those of CCL3- or CCR1-deficient mice.

Maeda and colleagues demonsuated that NF-xB activation in
hepatocytes could be protective for DEN-induced hepatocarcino-
genesis. while NF-«xB_activation in intrahepatic hematopoiclic
cells could promote it.™" Evidence is accumulating 1o indicate that
CCR1-mediated signal could activaie NF-xB in several types of
cells. ™ Mareover. we observed that CCR1 was expressed by
hepatocytes and ntrahepatic mononuclear cells. Thus. the nat
effects of the CCRI1-CCL3 system may be a balance between s
copacities o activate NF-xB in these 2 distinet types of cells. In
the initial step when mononuclear cells were scarce in liver. the
CCRI-CCL3 system may activate NF-xB. mainly in hepatocyvies,
which may account for a Jower HCC incidence in W mice than
in CCR1- ar CCL3-deficient mice, Our data indicate that CCL3
and CCRY are important for mononuclear cell accumulation i
wmaor. consistent with their known chemotactic cffects i viro
and that some of these cells express a major angiogenic factor,
MNIPO whose gene expression can be induced by NF-xB activa-
ton. " Because angiogenedds s presumed o be crucally required
for HOC progression.” these combined effects could he a major
factor restricting the size of umors in CCL3- and COR-deficient
mice.

Although several lines of evidence implied VEGF as an essen-
tial mediator regulating hypervascularity in HOC % we failed Lo
detect any changes in VEGF and its receplor gene expression du-
ing the whole course of DEN-induced hepatocarcinogenesis.
Moreover. we did not see any differences in VEGF and its recep-
tor gene expression in liver between WT and either CCR1- or
CCL3-dehicient mice. Thus. it is unlikely that VEGF was a main
mediator controtiing angiogenesis in this model.

Evidence is accumulating to indicate that the balance between
MMP and their inhibitors. TIMP. has crucial roles in tumaor pro-
gression by inducing tamor angiogenesis and altering the extracel-
lufar environment move stitiable for tumor cefl establishment and
growth.” Morcover. several ¢DNA microarray analyses on human
HCC have revealed duit the expression of some MMPs were
enh d iy HOC tissues. compared with that of non-tumor par-
ton. Phese ohsenations prompted us to examine MMP and
TIMP gene expression by RT-PCR analysis. Among MMPs and
FINIPs that we examined. only WAMPY and MAIP]3 gene expres-
stan were sueniented progressively after DEN treatiment, and
AMMPY st MATPLS pene cupression was significantly attenu-
ated in liver of DEN-trested COR - and CCLA-delivient nice.
compared with that of W mic e Cracial involvement of MMPY in
gistatiated by the observations an

sngroeene-is hue heen
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MMPY-deficient mice.”” Moreover, MMPO-positive cells appeared
even in premalignant lesion in the absence of neovascularization
(our unpublished data), and MMPY-positive cell numbers in tumor
arcas were significantly reduced in CCRI- or CCL3-deficient
mice. compared with that in W1 mice. Thus. it is likely that the
reduction in MMP9 expression can account for attenuated wmor
angiogenesis in CCR1- and CCL3-deficient mice.

Several lines of evidence indicate that _bone marrow-derived
progenitors can direct neovascularization. ™ Moreover. CCL.3
exhibits a potent mobilizing activity for hematapoietic  stem
cells™ by predominandy interacting with CCR1.Y Farthermore.
MMP9 was required for hematopoielic stem cell magbilization
from bone marrow to other organs. including liver. 243 We also
detecied the presence of c-Kit-positive siem cells co-expressing
CCRI in the tumor foci of DEN-treated. but not untreated; WT
mice four unpublished data). Thus. it is tempting o speculate that
HCCoderived CCL3 induced hematopojetic stem cell mobilization
into liver. in collaboraion with MMPY and that hematopoietic
ctem cells can induce tumor angiogenesis. in concert with MMP9.

Several gene loci, which have been identified as the loci deter-
mining the sensitivity of hepatocytes 10 DEN. are localized on
mouse chromosomes 1. 2, 7. 8§ and 12,7 The present results snggest
that both CCR 1 and CCL3 have profound effects on the progression

o
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of DEN-induced hepatocarcinogenesis. Because CCRI and CCL3
genes are Jocalized on mouse chromosomes 9 and 11. respectively.
these genes must be hitherto unidentified genes that determine the
sensitivity 1o DEN-induced hepatocarcinogenesis. Moreover. given
hat both CCL3 and CCR1 were expressed by HCC cells. iLis tikely
that the CCL3-CCRY axis has some direct effects on HCC cells and
can eventually regulaie HCC progression induced by DEN weat-
ment. Furthermore. aberrant expression of CCL3 and CCRI was
also observed in human HCC lissues' | as well as in our murine hep-
aocarcinoma models in DEN-treated mice and HBs transt nic
mice. Thus. CCL3 and CCR1 may be involved in the progs
of HCC in general. 1f so. detailed molecular analysis on DEN-
wreated CCL3- or CCRI-deficient mice will shed a novel light on
the molecular pathogenesis of HCC.

Acknowledgements

We thank Drs. T. Kondo. Y. Ishida tDepartment of Legal Medi-
cine. Wakayama Medical University). T. Irimura. K. Denda-Nagai
(Graduate School of Pharmacentical Sciences. University of
Tokyo). and M. Naito (Graduate School of Medical and Dental
Sciences, Niigla Lniversity) for their invaluable advice on the
immunostaining.

References

qegivlini M. Chemokines and leukocyie wraffic. Nuture 1998:392:
565-8.

3 Luster AD. Chemokines-chemotactic evtokines that mediate inflam-
mation. N Engl ] Med 1998:338:436-45.

3. Premack BA. Schail TJ. Chemokine receptors: gateways 10 inflamma-
vion and infection. Nat Med 1996:2:1174-8.

1 Broult MS. Kurt RA. Chemokines and antitumor imrmunity: walking

the tightrope. Int Rev Immunol 2003:22:199-28

Pemardini G. Ribatti D. Spinett G. Morbidelli L. Ziche M. Sanioni

A. Capogrossi MC. Napolilano M. Analysis of the role of chemokines

in angiogenesis. ] Immunol Methods 2003:273:83-101.

6 Homey B. Muller A, Zlotnik A. Chemokines: agents for the immuno-

therapy of cancer? Nat Rev Immunol 2002:2:175-84.

Sell S, Mouse models to study the it action of risk faciors for

human Yiver cancer. Cancer Res 2003:63 53-62.

% Mahe Y. Mukaida N. Kuno K. Akiyama M. Ikeda N. Maisushima K.
Murakami §. Hepatiiis B virus X proiein ransactivaics human iner-
leukin-§ gene through acting on puclear factor wB and CCAAT/
enhancer-hinding profein-like cis-clements. T Biol Chem 1V91:266:
1375963,

9. Polyak SJ. Khabar KS. Paschal DM. Ezelle HJ. Duverlie G. Barber
GN. Levy DE. Mukaida N. Greich DR. Hepatitis C virus ponstrue-
tural 3A protein induces interleukin-8. leading 1o partial inhibition
of the interferon-induced antiviral response. J Virol 2001:75:6M095~
106.

16, Touchi A. Kitajima L Yamakochi M. Ueno S, Aikou T. Kuho T. Ma-
cushima K. Mukaida N. Maruyama 1. PEA3 and AP-1 are required for
constitutive IL-R gene expression in hepaloma cells. Biochem Bio-
phys Res Commun 2000:279:166=71.

11, Lu P. Nakamofo Y. Nemoto-Sasaki Y. Fujii C. Wung H. Hashii M.
Ohmoto Y. Kancko S. Kobayashi K. Mukaida N. Potential interaction
hetween CCRY and its ligand. CCL3. induced by endogenously pro-
duced jnterfeukin-i in human hepatomas. Am ] Pathol 2003:162:

i

~a

1249-58.
17, Geller SA. epatitis B and hepatiis €. Clir Liver Dis 20026317
34,

12 Chen C). Chen DS, Interaction of bepatitis B virus., chemical cardino-
aen. and genetic susceptibility: multistage hepatocircinogenesis with
multifactorial etiotogy. Hepatology 2002:36: JM6-9.

14 Berger MR. Schmahl D. Edler L. Imphcations of the carcinogenic
hazard of low doses of three hepatocarcinogenic A pilrosamines Ipn
1 Cancer Res 1990:81:398-6006.

13 Yang X. Bhaumik M. Bhattacharsya R. Gong § Rogler CE. Stanley
P. New cvidence for an extra-hepatic mole of “acetvlglucosaminyl-
ransferase 111 in the progression of di thvlnitresamine-induced hrver
wmors in mice. Cancer Res 2000:60:3213-9

e Tee YS. Kim WH. Yu ES. Kim MR Lee M1

cell cvcle-related protein expressinn o dicthvhmtosamine-intiated

rat Jiver. J Hepatol 1998:29:404-4

Toluda A, hakura M. Onai N Kimurs He Rumama T. Mat-w-hima

K. Pivotal 1ole of CCRI-pusitive feubooyles e hleorny cies wduced

Jurig fibrois i mice Trrned 2 jid: 2748

13, Time course of

|

1% Cook DN. Beck MA. Coffman TM. Kirby Sl.. Sheridan JF. Pragnell
IB. Smithies O. Requirement of MIP-1 « for an inflammatory
vesponse to viral infection. Science 1993:269:1583-5.

19, Gao JL. Wynn TA. Chang Y. Lee E). Broxmeyer HE. Cooper S. Tif-
fany Hi.. Wesiphal H. Kwon-Chung J. Murphy PM. Impaired host
defense. hematopoiesis. granulomatous inflanumation and type 1-type
2 eviokine balance in mice lack ing CC chemokine receptor 1. } Exp
Med 1997:185:1939-68.

30, Chisari V. Filippi P. Mclachlan A, Milich DR. Riggs M. Lee S, Pal-
miter RD. Pinkert CA. Brinster RL. Expression of hepatitis B virug
Targe envelope polypeptide inhibits hepatitis B surface antigen secre-

tion in transgenic mice. J Virol 1986:60:R880-7.

fakano H. Batavama 1. Satoh K. Suzuki S. Saie K. Tsuchida S. ¢-hun
expression in single cells and prencoplastic foci induced by diethylni-
tosamine in B6CAF) mice: comparison with the expression of pi-
class glutathione S-ransferase. Carcinogenesis 1994:15:1853-7.

22 Nakamoto Y. Guidotti 1L.G. Kuhlen CV. Fowler P. Chisari FV.
Immune pathogenesis of hepatocelular - carcinoma. Exp Med
199R: 188:341-50.

73 Pierce RI. Vail ME. Ratplh L. Campbell JS. Faosto N. Bel-2 expres-
cion inhibits Hiver carcinogenesis and delays the development of pro-
Jiferating Toci. Am ] Pathol 2002: 160:1535-60),

‘on B. Renshaw C. Lowe D. Rudland P. Leinster S).

24, Martin 1. G
Winstankey J. Examining the technique of angiogencsis assessment in
i asive breast cancer. Brit J Cancer 1997:76:1046-54.

25 Laecnen P Melis M. Shicker WA, Van Ewijk W, Murine macrophage
precursor characterization. 11 Monoclonal antibodies againsl macro-
phage precussor antigens Eur 1 Immunol 1990:20:27-34.

6. Nabatsuru Y. Matsukuma $. Nemoto N. Sugano H. Sekiguch M. Ishi-
kowa T. Op-methviguanine-DNA methyliransterase protects againsl
pittesamine-induced hepatocarcinogenesis. Proc Natl Acad Sci USA
1993:90:A468-72

~% Maeds S, Kamata 1 Luc J1, Leffert 1 Karin M. IRKB couples hepa-
tocvies death 1 cvtokine-driven compznsatory profiferation that pro-
motes chemical ke

28 Omoike Ol Teap
binding of nuclear factors 1o the KB DNA clement in human B cells
Mol Cell Riot Res Covmun 2000 -9.

3. News T Caprenter RE Fwing J1. Gerard 1. Hogaboam CM. Kunkel
§1 . CORT “chemekine licand 3 interactions exacerbate mnate
e resps Gurine sepsis. J Jmmunol 2004117 3:0938-48.

Uy Nie 7. Singh M Singl: K cntial regulation of matrix metalio-
protsinese spreseion and acliviry in adull ral cardiac
librahlaste i Sonse ts interleukin- 18, 3 Biol Chem 004279
KUAS R R

patocarcinogenesis. Cell 2003121 97790,
sue RML Benedict SH. Chan MA. MIP-1a induces

2 1 P ercemnos of PepatoceHular carcinoma Hepatodeoy

TS T 29 R

230 e M Ain S Dt H Fatotani M Niwano M. Harada T Tsh-
camt § Tosdi ¥ N woara H Fukumoto M. Fuiita 1. lmamurs M

hy i 1 endathelial arowth factor and hasic

precsion in fiver wivor. Hepaialhes




1876

-
2.

Miura H. Mivazaki T. Kuroda M, Oka T. Machinami R. Kodama T.
Shibuya M. Makuuchi M. Yazaki Y. Ohnishi S. Increased expression
of vascular endothelial growth factor in human hepatoceltular carci-
noma. J Hepatol 1997:27:854-61.

Johin A. Tuszynski G. The role of matrix metalloproleinases in tumor
angiogenesis and (umor metastasis. Pathol Oncol Res 2001:7:14-23.
Okabe H. Satoh S. Kato T. Kitahara O, Yanagawa R. Yamaoka Y,
Tsunoda T. Furukawa Y. Nakamura Y. Genome-wide analysis of gene
expression in human hepatocellular carcinomas using cDNA microar-
ray: identification of genes involved in viral carcinogenesis and tumor
progression. Cancer Res 2001:61:2129-37.

Chen X. Cheung ST. So S. Fun ST, Barry C. Higgins J. Lai K-M. I ).
Dudoit S. Ng IOL. van deRijn M. Botstein D. Brown PO. Gene
expression patterns in human liver cancers. Mol Biol Cell 2002:13:
1929-39.

Vu TH. Shipley JM. Bergers G, Berger JE, Helms JA, Hanahan D.
Shapiro SD. Senior RM. Werb Z. MMP-9/pelatinase B is a key regu-
fator of growth plate angiogenesis and apoptosis of hypertrophic
chondrocytes. Cell 1998:93:411-22.

Bagley RG, Walter-Yohiling 1. Cao X, Weber W Simons B, Cook
BP. Chartrand SD. Wang €, Madden SL. Teicher BA. Endothelial
precursor cells as a mode] of tumor endothelium: characterization and
comparison with mature endothelial cells. Cancer Res 2003:63:5866—
i .

YANG ET AL,

39.

40,

4].

Takakura N, Watanabe T. Sucnobu S, Yamada Y. Noda T. Jio Y.
Satake M. Suda T. A vole for hematopoietic stem cells in promoting
angiogenesis, Cell 2000:162:199-209.

Lord BI. Woolford LB, Wood 1M, Czaplewski 1.G. McCourt M.
Hunter MG. Edwards RM. Mobilization of carly hematopoictic pro-
acnitor celts with BB-1000: a gencuically engineered variant of
buman macrophage inflammatory protein-1o. Blood 1993:83:34 125,
Broxmever HE. Cooper S. Hangoce G. Gao f.. Murphy PM. Dominant
myelopoietic effector funcions mediated by chemokine recepior
CCRY.T Exp Med 1999:189:1987-92,

Kollat O. Shivtiel S. Chen YQ. Suriawinata ). Thung SN. Dabeva
MD. Kahn 1. Spicgel A, Dar A. Samira S. Goichberg P. Kalinkovich
A, et all JIGE, SDF-1. and MMP-9 are involved in stress-induced
human CD347 stem cell recruiiment to the liver, I Clin Invest
2003:112.160-9.

Heissig B. Hanori Ko Dias S. Friedrich M. Ferris B, Hackett NR.
Crystal RG. Besmer Po Lyden D Moore MA, Werb Z. Rafii S.
Recruitment of stem and progenitor cells from the bone marrow niche
requires MMP-9 mediaed release of Kit-ligand. Cell 2002:109:625~
37.

Gariboldi M. Manenti G. Canzian F. Falvella FS. Pierotti MA. Della
Porta G, Binelli G. Dragani TA. Chromosome mapping of murine sus-
ceptibitity loci 1o hver carcinogenesis. Cancer Res 1993:33:209-11,




25

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY 2005;3:1253-1259

Pretreatment Prediction of Interferon-Alfa Efficacy in Chronic

Hepatitis C Patients

KAZUHIRO HAYASHIDA,* AKITO DAIBA,* AKITO SAKAILS TAKESHI TANAKA,7 KYOSUKE KAJI,S
NIRO INABA,* SATOSHI ANDO,™ NAOKI KAJIYAMA, HIROSHI TERASAKI,Y AKI ABE,*
MASANORI OGASAWARA," MICHINORI KOHARA,! MINE HARADA,* TAKESHI OKANOUE,*

SATORU ITO,T and SHUICHI KANEKOS

*Medicine and Biosystemic Science, Kyushu University Graduate School of Medical Sciences, Higashi-ku, Fukuoka, Japan; *JGS Japan
Genome Solutions, Inc., Hachioji, Tokyo, Japan; SKanazawa University Graduate School of Medical Sciences, Kanazawa, Japan; ¥Tokyo
Metropolitan Komagome Hospital, Bunkyo-ku, Tokyo, Japan; ITokyo Metropolitan Institute of Medical Science, Bunkyo-ku, Tokyo, Japan;
#Kyoto Prefectural University of Medicine, Graduate School of Medical Science, Kawaramachi-Hirokoji, Kamigyo-ku, Kyoto, Japan

Backsground & Aims: Interferon has been used widely to
treat patients with chronic hepatitis C infections. Predic-
tion of interferon efficacy before treatment has been
performed mainly by using viral information, such as
viral load and genotype. This information has allowed
the successful prediction of sustained responders (SR)
and non-SRs, which includes transient responders (TR)
and nonresponders (NR). In the current study we exam-
ined whether liver messenger RNA expression profiles
also can be used to predict interferon efficacy. Methods:
RNA was isolated from 69 liver biopsy samples from
patients receiving interferon monotherapy and was an-
alyzed on a complementary DNA microarray. Of these
69 samples, 31 were used to develop an algorithm for
predicting interferon efficacy, and 38 were used to val-
idate the precision of the algorithm. We also applied our
methodology to the prediction of the efficacy of interfer-
on/ribavirin combination therapy using an additional 56
biopsy samples. Resuits: Our microarray analysis com-
bined with the algorithm was 94% successful at predict-
ing SR/TR and NR patients. A validation study confirmed
that this algorithm can predict interferon efficacy with
95% accuracy and a P value of less than .00001. Sim-
ilarly, we obtained a 93% prediction efficacy and a P
value of less than .0001 for patients receiving combina-
tion therapy. Conclusions: By using only host data from
the complementary DNA microarray we are able to suc-
cessfully predict SR/TR and NR patients for interferon
therapy. Therefore, this technique can help determine
the appropriate treatment for hepatitis C patients.

hronic hepatitis C is one of the major causes of
Cchronic liver disease and can lead to cirrhosis and
hepatocellular carcinoma. Interferon is the only effective
drug for chronic hepatitis C patients, although better
efficacy can be attained with modification of the regimen
including the amount of interferon, the duration of treat-

ment, and the use of a combination of pegylated-inter-
feron and ribavirin.

Many studies have identified factors that can help
predict the efficacy of interferon therapy such as hepatitis
C virus (HCV) genotype' and viral loads.? Methods
based on viral information are able to identify sustained
responders (SR). However, this method places transient
responders (TR) and nonresponders (NR) in the same
category. Follow-up data clearly indicate that interferon
treatment of patients in the TR group can lead to a
reduction in the probability of tumor development com-
pared with the NR group.z”4 This suggests thatr the NR
patients should be separated out first and that the TR
group should be handled separately as an SR-like group.
Furthermore, host factors may help the prediction of NR
clinical outcome before treatment. Several candidates
have been suggested that may be used to predict this
effect including body mass index,” <y-glutamyltrans-
ferase/alanine transaminase levels,® the messenger RNA
expression levels of the interferon receptor,7’8 interfer-
on-vy and tumor necrosis factor-o levels,” and the Thl/
Th?2 ratio'®; however, there is no definitive evidence that
any of these is a single dominant factor. Therefore,
additional studies must be performed to identify host
factors that can predict the efficacy of interferon therapy
because complex changes in these host parameters may
reflect variations in hepatic gene expression.

Complementary DNA (cDNA) microarrays can pro-
vide an enormous amount of data for identifying clusters

Abbreviations used in this paper: cDNA, complementary DNA; HCV,
hepatitis C virus; MD, Mahaianobis distance; NR, nonresponder; SR,
sustained responder; SSDB, standard space database; TR, transient
responder.
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of predictive factors. For example, we previously have
used custom-made cDNA microarrays to dissect gene
expression patterns and to differentiate between patients
infected with HCV and hepatitis B virus.'"'? Ocher
oligo-DNA chip approaches have proven to be very
effective for identifying sets of genes expressed in vitro in
response to interferon."> However, these approaches have
not been useful for determining which trearment regi-
men should be used for each patient. In the current study
we developed a ¢cDNA microarray and a dara analysis
algorithm that can predict whether a patient will be an
NR for interferon therapy based only on host messenger
RNA expression and without the use of viral data.

Materials and Methods
Patients and Biopsy Samples

From 1993 to 2001, we collected liver biopsy samples
from 99 HCV patients undergoing interferon monotherapy at
Kyushu University Hospital. In addition, berween 1999 and
2002, an additional 4 samples were collected from patients
undergoing interferon monotherapy at Kanazawa University
Hospital and 5 samples from Kyoto Prefectural University
Hospiral as part of a validation study. These patients received
the standard 6-month protocol for interferon-alfa treatment.
Thus, all patients received more than 468 MU of interferon-
alfa monotherapy. Finally, between 2002 and 2003, 56 pa-
tients at Kanazawa University Hospiral and Tokyo Metropol-
itan Komagome Hospital were treated with a G-month
regimen of interferon-alfa combined with 600—800 mg/day of
ribavirin. Informed consent was obtained from all patients in
accordance with the Helsinki protocol. Liver samples were
obtained from these patients by biopsy procedure with a 14- or
16-gauge needle. The samples were snap-frozen in liquid
nitrogen and stored at —80°C until use for RNA extraction.
The viral genotype in pretreatment serum samples from these
patients was determined as described previously,'® the viral
RNA copy number was tested using the HCV Amplicore kit
(Roche Japan, Tokyo, Japan), and the viral serotype was as-
sayed using an F-HCV-Gr enzyme-linked immunosorbent as-
say kic (Sysmex, Kobe, Japan). The patients were categorized
into 3 groups: SR (patients with an absence of serum HCV
RNA borh during therapy and 6 months after the completion
of therapy), NR (patients persistently positive for serum HCV
RNA during therapy), and TR (patients negative for serum
HCV RNA at the end of interferon treatment bur positive
after cessation of therapy).

RNA Extraction, Complementary DNA

Microarray, Data Collection, and Data

Mining

The toral RNA extraction procedure from biopsy samples
and the low-density cDNA microartay together with a unique
artificial reference RNA (Genomessage; JGS, Tokyo, Japan) used
in these studies were described in our previous report.'’

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 3, Na. 12

Resuits
Selection of Liver Biopsy Samples

RNA degradation is one of the main factors caus-
ing variability in data from ¢DNA microarrays. Because
some of the biopsy samples used in this study were stored
for more than 8 years, we examined the quality of the
extracted RNA by microcapillary electrophoresis. Enough
RNA (>2 pg) was obtained from only 69 of the 108
samples from patients treated with inrerferon mono-
therapy. We randomly divided these 69 samples into 2
groups of 31 and 38 samples for training and validation
of the prediction algorithm, respectively. Based on the
288/18S ratio, the RNA quality of these 69 samples was
good. Of the 69 total patients, 47 were men and 22 were
women, and the average age was 49 £ 12 years (range,
21-71 y). Table 1 summarizes the values of alanine
transaminase, y-glutamyltransferase, viral load, and ge-
notypes for the 31 samples used for developing the
prediction algorithm. Similarly, qualified RNA extracted
from all 56 samples that had been obtained from patients
receiving combination therapy were divided randomly
into 2 groups of 33 and 23 samples. Of these patients, 46
were men and 10 were women, and the average age was
54 = 8 years (range, 39~71 y). The characteristics of the
group of 33 patients for establishment of SSDB are
summarized in Table 2.

Development of the Complementary DNA
Microarray

To develop the cDNA microarray for the current
study we first performed a serial analysis of gene expres-
ston on data from normal and hepatitis B and C parients
for approximately 2000 genes. For this serial analysis of
gene expression study we analyzed the results from our
previous microarray analysis combined with publicly
available data.*®'7 During this initial screening phase
we tried to choose genes that could distinguish berween
hepatitis and normal samples. In addition, to focus on
genes with meaningful signal levels, we omitred those
with a low-frequency expressed tag in serial analysis of
gene expression. These approaches are consistent with
those of Chang et al'® who, for statistical calculation,
selected only the strong intensity signals from their
GeneChip (Affymetrix; Santa Clara, CA) data. Furthes-
more, we omitted most sequences representing expressed
sequence tags in the serial analysis of gene expression
data. Finally, we selected genes whose functions have
been well established. For example, 26 interferon-related
genes were selected for the microarray. We also tried to
select genes that hayve been reported previously to predict
interferon efficacy, including interferon-alfa/B receptor,
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Table 1. Characteristics of the Core Patients Used for the SSDB and Training

Viral load Histology/stage ALT v-GT Clinicat
Number Age Sex Genotype (KIU/mL) and activity (/L) (1u/L) outcome Use
1 23 F 1b 4.4 F1Al 90 32 SR SSOB
2 31 M 2a 23 F1A1 29 11 SR SSDB
3 34 F 2a 3.5 F1A1 32 199 SR SSOB
4 40 M 2a 100 F1A2 233 68 SR SSDB
5 41 M 1b 110 F1A2 182 117 SR SSDB
6 48 M 2a 2.2 F2A2 189 37 SR SSDB
7 50 M 2b 3.7 F1A3 267 114 SR SSD8
8 54 F 2a 2.3 F1A2 41 31 SR SSDB
9 55 M 2a 2.4 F1A1 301 85 SR SSDB
10 58 M ib 50 F1A2 36 59 SR SSDOB
11 60 M 2b 50 FiAl 149 150 SR ssDB
12 66 M 2a 1.8 F3A2 286 104 SR SSDB
13 66 M 1b 140 F1A1l 88 31 SR SSDB
14 21 M ia, 1b 480 F1A1 34 32 NR Training
15 27 M ib 520 F1A1 62 39 NR Training
16 31 F 2a 20 F1A1 63 36 SR Training
17 35 M 2a 5.9 F1A1 72 34 SR Training
18 37 F 1b 650 F1AL 219 58 NR Training
19 37 M 1b 150 FOAL 79 74 TR Training
20 37 M 2b 250 F1Al 225 29 TR Training
21 40 M 2a 16 F1A2 211 129 SR Training
22 42 M ib 900 F3A2 86 139 TR Training
23 49 M 1b 540 F1Al 100 30 TR Training
24 51 F ib 480 F1A1 80 34 NR Training
25 52 M ib 50 F1A2 96 79 SR Training
26 53 M ib 520 FAA2 97 Q0 NR Training
27 57 M 1b 130 F1A2 61 37 TR Training
28 57 M 2a 120 F1A2 164 53 SR Training
29 59 F ib 230 F3A2 70 38 NR Training
30 59 M 2b 32 F1A1 162 119 NR Training
31 62 F ib 91 F1A2 20 34 NR Training

ALT, alanine transaminase; v-GT, y-glutamyltransferase.

tumor necrosis factor-a.””® In addition, we incorporated
clinical informartion to help select genes; specifically, we
included iron transporter—related genes, such as trans-
ferrin and the transferrin receptor, because iron depletion
has been shown to enhance the efficacy of hepatitis C
treatment.” Finally, we included some genes (eg, house-
keeping genes) as controls for the microarray. Together,
295 genes were selected originally for the low-density
¢DNA microarray. Furthermore, after we developed the
low-density ¢cDNA microarray, interferon-stimulated
genes were analyzed systematically by using a different
Another 452 genes that were derived
mainly from interferon-, tumor necrosis factor—, and

. 20
microarray.

extracellular matrix—related genes were added to a new
c¢DNA microarray that included a total of 747 genes.

Establishment of the Algorithm for
Predicting Interferon Efficacy Based on
Complementary DNA Microarray Data

As previously described,’” we used a series of
steps to make a reasonable prediction, including estab-
lishing a standard space database (SSDB), selecting char-

acteristic parameters to differentiate groups of interest,
setring variance—covariance, calculating the variance-
covariance matrix, selecting a correlation/gene network,
and, finally, calculating the Mahalanobis distance (MD)
(the distance from the center of gravity can be deter-
mined for a new test sample using the SSDB), leading to
a single parameter as a scale from multiple parameters.
Thus, the SSDB dataset was selected from the SR pa-
tients that had clear clinical outcomes (13 members).
This SSDB was trained by expanding it to different
datasets, including SR/TR (10 members) and NR (8
members) data, to find genes that are expressed differen-
tially between the 2 groups. The prediction probability
of this stage was as follows: SR/TR (10 of 10; 100%),
NR (7 of 8; 88%), with a P value of less than .0005.
By using the new prediction algorithm we assessed the
accuracy of prediction using the 38-validation samples
(31 SR/TR and 7 NR). We calculared the MD and scaled
MD from this established dataset for each patient to
derermine the distance from the established SSDB center
of gravity. At this point the calculation does nort incor-
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Table 2. Characteristics of the Core Patients Used for the SSDB and Training in Combination Therapy

Viral ioad Histology/stage ALT v-GT Clinical

Number Age Sex Naive? Serotype (KIU/mL) and activity (IU/L) (1u/L) outcome Use
1056 62 M 0 1 585 F4A3 199 87 SR SSDB
1043 54 Y] 0 1 77 F2A2 95 80 SR SSDB
1042 39 M 0 2 850 F1A1 59 89 SR SSDB
1044 53 M 0 2 300 F3A1 194 147 SR SSDB
1052 53 M 1 2 440 F1A1 97 80 SR SSDB
1051 54 M 1 2 600 F3A1 30 22 SR SsSoB
1048 52 M 1 1 580 F1AQ 81 37 SR SSDB
1046 55 M 1 1 510 F1A2 68 49 SR SSDB
1040 37 M 1 1 360 F1A1 45 a0 SR SSDB
1041 57 M 0 1 250 FAA2 159 93 SR SSDB
1050 62 M 0 2 690 F1A2 118 96 SR SSDB
1034 47 F 0 1 820 F1A1 39 43 TR SSDB
1026 57 M 1 1 550 F3A2 106 147 TR SSDB
1024 42 M 1 2 570 F2A2 639 83 TR SSDB
1022 60 M 1 1 610 F1A1 56 209 TR SSDB
1035 55 F 0 1 360 F1A2 131 42 TR SSDB
1025 58 F 0 1 850 F1A1 58 35 TR SSDB
1028 52 M 1 1 650 F1Al 44 17 TR SSDB
1029 46 M 1 1 850 F1A1 40 30 TR SSDB
1031 53 M 0 1 690 F2A2 83 52 TR SSDB
1033 61 M 0 1 850 F2A2 64 46 TR SSDB
1027 59 M 0 1 630 F3A2 79 53 TR SSDB
1023 61 M 1 2 300 F3A3 67 61 TR SSDB
1036 44 M 1 1 850 F1A1 75 54 TR SSDB
1020 64 F 0 2 850 F1A2 358 76 TR SSDB
1007 63 M 1 1 850 F3A2 257 132 NR Training
1009 49 M 1 1 620 F3A1 346 274 NR Training
1005 58 M 1 1 570 F3A1 87 42 NR Training
1015 53 M 0 1 850 F1A1 37 65 NR Training
1014 45 M 1 1 310 F2A2 125 187 NR Training
1013 57 F 1 1 44Q F3A2 57 35 NR Training
1006 40 M 1 1 > 850 F3A1 244 237 NR Training
1011 57 M 0 1 > 850 F2A2 90 48 NR Training

ALT, alanine transaminase; y-GT, v-glutamyltransferase.
a0, first treatment; 1, retreatment.

porate any viral informarion such as genotype or viral
load. The prediction probability of the validation stage
was as follows: SR/TR (30 of 31; 97%) and NR (6 of 7;
86%). The P value, calculated using the x? test, was less
than .00001 for prediction accuracy. During the devel-
opment of the algorithm we found several genes that
were expressed differentially between the NR and SR/TR
groups. The highlighted 75 genes according to f-test
* values are presented in Table 3. These could be separated
into distinct groups such as interferon-, lipid metabo-
lism—, complement-, and oxidoreductase-related genes.
Because we used an artificial reference RNA as a con-
trol,'® we were unable to determine whether the up- or
down-regulation of these genes was meaningful biolog-
ically. F-test and ¢-test values for each gene, which
represent the comparative expression levels between the
SR/TR and NR groups, indicate only that the genes were
expressed differentially between the SR/TR and NR
groups.

Subsequently, we further analyzed samples from riba-
virin combination therapy by using a DNA microarray
containing 295 genes. The algorithm developed from the
interferon monotherapy samples was ineffective for the
samples from the combination therapy. Therefore, we
tried to establish a new algorithm based on the data from
this 295-gene DNA microarray but failed to obtain
accurate prediction even using training samples from the
combination therapy group (dara not shown). To solve
this problem we developed a new algorithm based on a
new DNA microarray that included an additional 452
genes. The resulting algorithm allowed prediction of the
outcome as follows: training (33 samples) stage: SR/TR
(25 of 25; 100%) and NR (7 of 8; 88%); and validation
(23 samples) stage: SR/TR (15 of 16; 94%) and NR (5 of
7; 71%), with prediction accuracies of 97% (P << .0001)
and 87% (P < .09), respectively. Thus,.the new microar-
ray and algorithm could attain a high accuracy for pre-
diction of treatment outcome using pretreatment liver
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Table 3. Genes Differentially Expressed Between SR/TR and NR Groups in Monotherapy

GenBank number Gene name Fiest ttest
U05340 Cell division cycle 20 homolog (S cerevisiae)(CDC20) .020 169
BCOO8767 Acyl-coenzyme A oxidase 1, palmitoyl (ACOX1) 123 .066
AF279437 Interleukin 22 .005 .201
M36807 Glycogen phosphorylase type 1V .007 .250
X03663 Colony-stimulating factor 1 receptor .254 .096
X02750 Protein C (inactivator of coagulation factors Va and Vliia) .020 172
BCO00337 Glucose-6-phosphate dehydrogenase .146 .066
BC009345 NADH dehydrogenase 1 .082 .233
X00566 Apolipoprotein A-1 .183 .063
BC001188 Transferrin receptor (p90, CD71) .014 .395
J04026 Thioredoxin .050 .160
$57235 CD68 antigen 071 377
M62403 Insulin-iike growth factor binding protein 4 010 113
M65128 FK506-binding protein 2 (13 kD) .050 .023
M29145 Hepatocyte growth factor 115 .034
M11220 Granulocyte-macrophage colony stimulating factor .000 076
M55654 TATA box binding protein A11 .036
X05360 Cell division cycle 2, G1to S and G2 to M . 193 043
M21097 CD19 antigen .155 .058
Jo3171 Interferon («, B, and w receptor 1 .002 .032
U58196 Interleukin enhancer binding factor 1 082 .032
212020 p53-associated gene; Mdm2, transformed 373 cell double minute 2 .014 21
M83311 B Metallothionein-ill (growth inhibitory factor [neurctrophic]) 010 .062
X01992 Intereferon vy .001 .156
Y14736 immunoglobulin « (light chain) variable 1D8 .030 276
M22538 NADH dehydrogenase (ubiquinone) fiavoprotein 2, 24 kilodaltons -.087 472
X00855 Apolipoprotein Al .019 292
U94586 NADH: ubiguinone oxidoreductase MLRQ subunit 232 .046
X15949 Interferon-regulatory factor-2 .298 .093
M19154 Transforming growth factor -2 .005 .078
X04688 Interleukin 5 (colony-stimulating factor, eosinophil) .050 173
M14505 Cyclin-dependent kinase 4 116 .080

NOTE. Genes having Fiest and ttest Pvalues <.4 and either value under .1 are listed.
Although ttest P values were calculated in Welch's method in cases in which the Ftest Pvalue <.05, the Student ttest method was applied in

cases >.05.

samples. Interestingly, a different set of genes was high-
lighted in this study, including cyclophilin A and mul-
tidrug resistance protein 1 (Table 4).

Discussion

In the current study we developed an algorithm
for predicting the efficacy of interferon treatment in
hepatitis C patients based only on host microarray data.
Once the microarray dataset was normalized, we searched
for the most suitable statistical method to differentiate
it. We chose a statistical method based on the MD'’
because it allows the maximal flexibility in data disper-
sion. By using this method we were able to obtain a
distinct separation of the NR and the SR/TR groups. In
our algorithm we used a gene network system rather than
a set of independent differentially expressed genes to
generate the categories. Thus, none of the genes listed in
Table 3 with z-test and F-test values alone was able to
provide any definitive information for classification, and
none of the genes could predict the classification inde-

pendently. Despite this, we were able to validate our new
algorithm using a separate validation group. We were
able to predict SR/TR patients accurately in 30 of 31
cases (97%) and NR patients in 6 of 7 cases (86%). The
P value for these predictions was less than .00001, which
is acceptable for prediction purposes and suggests that
the dataset from the low-density cDNA microarray can
predict NR and non-NR patients with high accuracy
without any viral information. Pretreatment classifica-
tion and identification of NR parients is useful because
they have a higher risk than TR or SR patients for
developing hepatocellular carcinoma.>® This same ap-
proach also allowed prediction of the efficacy of inter-
feron/ribavirin combination therapy with high accuracy.
A different gene set was required for the establishment,
however, which reflects the different underlying mecha-
nism of the drug action between the 2 treatment regi-
mens. :

Genes were selected for the SSDB based on differential
expression in our cDNA microarray. Besides interferon-
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Table 4. Gene List Highlighted as Differentially Expressed in Combination Therapy

GenBank number Gene name Flest ttest
X66362 PCTAIRE-3 for serine/threonine protein kinase .007 .000
U90551 Histone (H2A II; histone 2A-like protein) 054 .002
Y00285 Insulin-like growth factor It receptor .027 .002
X03884 CD3 epsilon (T3 epsilon chain {20K] of T-cell receptor) .045 .007
U12779 MAP kinase-activated protein kinase 2 143 .008
733642 Leukocyte surface protein V7; immunoglobulin superfamily, member 2 .086 .010
u49837 LIM protein (cystein-rich protein 3) 001 011
M77349 BIGH3, TGF-B~induced product, TGF-B-induced 68 kilodalton 141 .013
L16499 Orphan homeobox protein; hematopoietically expressed homeobox .017 .013
X78817 p-GAP hematopoietic protein C1; p guanosine triphosphatase-activating protein 4 .070 .016
AF159442 Phospholipid scramblase 3 .000 017
J04164 Interferon-inducible transmembrane protein 9-27 199 .018
L41351 Serine protease 8 (prostatin) .033 013
U62437 Nicotinic acetylcholine receptor B2 subunit prexursor , 052 .020
X58072 GATA binding protein 3; transacting T-cell~specific transcription factor 132 .027
X53414 L-alanine: glyoxylate transaminase .021 .030
Y00052 Cyclophilin A (peptidylprolyl isomerase A; T-cell cyclophilin) 152 .034
BC004490 Fos .002 .035
U03397 Tumor necrosis factor-receptor superfamily, member 9 140 .035
247087 Pol V elongation factorlike protein; S-phase kinase-associated protein 1A 180 .047
M14758 Multipie drug resistance protein 1; P-glycoprotein 066 047
U61397 Ubiquitin-homology domain protein PIC1 {sentrin) 021 .0580
U16031 Interleukin-4—-induced transcription factor, signal transducer and activator of transcription 6 .194 050
BC032130 Asialoglycoprotein receptor 1 .032 .057
X05610 Type IV collagen alpha (2) .046 059
D23661 Ribosomal protein L37 .035 .066
X69150 Ribosomal protein S18 .013 .068
M15400 Retinobiastoma susceptibility .040 .104
NM_001012 Ribosomal protein S8 037 133
M31627 X-box binding protein-1 .005 .198

NOTE. Both Ftest and ttest values less than .2 are listed.

related genes, the SSDB includes genes related to im-
mune response, stress, metal transport, and lipid metab-
olism. The inclusion of genes controlled by the interferon
signal cascade and related to the immune response is not
surprising. In addition, genes associated with lipid me-
tabolism are not unexpected because HCV has a high
affinity for lipids.”"*? Furthermore, lipoprotein recep-
tors were reported as HCV receptor candidates.?>?* In
fact, the involvement of lipid metabolism—related genes
is described in depth in a study of HCV clearance in the
chimpanzee by GeneChip analysis.””> Therefore, the lipid
metabolism—related genes that we included in our anal-
ysis could be targets for future study and therapeutic
intervention. Finally, the presence of iron transport-
related genes in the SSDB corresponds with the use of
blood depletion therapies to reduce liver inflammation in
hepatitis patients. It also may be of interest to study how
genes in the SSDB, including additional metal-related
genes such as metallothioneins, play a role in interferon
efficacy.

These findings suggest that the TR patients have an
anti-HCV interferon response similar to that of the SR
patients. Indeed, it is possible that these TR patients may

have become SR patients if interferon treatment was ad-
ministered for more than 6 months because there is a
significant effect of treatment duration in the efficacy of
interferon treatment for chronic hepatitis C.%® This obser-
vation is consistent with a study of chimpanzee HCV cases
based on oligo-chip data.?® Furthermore, the fact that we
could predict the NR group without any viral information
suggests that, in these cases, the host has an unfavorable
response to the interferon treatment, which also suggests
that, as in the SR group, there is an interaction between the
host and the virus. Understanding the host response to
interferon in NR patients could provide interesting targets
for the development of new treatments for HCV.

In conclusion, we have established a low-density
c¢DNA microarray for predicting interferon efficacy in
chronic hepatitis C patients. Based only on host messen-
ger RNA expression profiles from pretreatment biopsy
samples, we can categorize parients successfully into
SR/TR and NR groups with over 90% accuracy.
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