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Figure 4 Interaction of C-CPE mutants with CL1-BV.

A) Purification of Aand B. C-CPE mutantswere expressed in E. coliand isolated by
nickel-affinity chromatography. The purification of proteins was confirmedby SDS-
PAGE. The putative molecularmass of C-CPEsis approximately 15 kDa. B)
Interaction ofthe C-CPE mutants with CL1. C-CPE mutants (2.0 ug) were addedto
Wild-BV- or CL1-BV-coated immunoplates, followed by detection of C-CPE mutants
boundto each BVs. Dataare means + SD (n=3).
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Fiqure 5 Effect of C-CPEs on infection of Huh7 cells with HCVpv

After 2 h of incubation of anti-CD81 antibody (A) or C-CPEm19 (B) at the indicated
concentration, Huh7 cells were treated with the mixture for 24 h. Then, the cells
were lysed, and the luciferase activity was measured. Data are means = SD (n=3).
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Figure 6 Induction of anti-CL antibody in mice immunized with CL-BV.
WT-BV or CL-BV (0.5 mg/lane) were subjected to SDS-PAGE, followed by
immunoblot analysis with the mouse serum.
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Figure 7 Enrichment of phages with affinity to CL1-BV.

CL1-BV coated on immunotubes were incubated with the scFv phage library. The
phages bound to CL1-BV were recovered (1% output phage). The CL1-BV-binding
phages were subjected to two additional panning cycles, resulting in 274, 34 output
phage. The ratio of output phage to input phage titers was calculated
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Figure 8 Monoclonal analysis of scFv

phages.

CL1-BV-bound phage clones were isolated, and the interaction of the monoclonal
phage with CL1-BV was examined by ELISA with HRP-anti-M13 Ab.
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Figure 9 [nteraction of scFv-phage clones with CL-B
Each phage clones were added onto BV-coated immunoplate, and
BV-bound phages were detected by ELISA with HRP-anti-M13 mAb.
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Table 1 Amino acid sequence of CL-BV-bound scFv clones

VL FR1 CDR1 FR2 CDR2 FR3 CDR3 fR4 {G4s)3
Clone A
DIOMTQSQKFMS  xxxxxx WYQQKPG woocox  GUPDRFTGSGSGTDF o o copor) o GOGGSGGGG
TSVGDRVSVTC XX QSPKALLY TLTISNVQSEDLAEYFG SGGGGS
D
Clones DNITQSHKFMST — KASQDY  WYQQKPG GVPDRFTGSGSGTDFT GGGGSGGGG
SVGDRVSITC GTAVS QSPKLLIY XXX | TIENVOSEDLADYFG 0000 FGAGTKLEVKR “ornnng
VH fR1 CDR1 FR2 CDR2 R3 CDR3 FR4
Clone A ,
QVOLQQPGTELVKPG . WVKQRPG  xxxoooooox KATLTVDTASSTAYMQ s00000000%  10GTTLASSS
ASVKMSCKASGYTFS QGLEWIG XXXXX LSRLTSEDSAVYYCAR  xooooe
D
DVQLVESGAELAKPG WWVKQRPG xxxxxoex. KATLTVDTSSNTAYM  xxxxxxoexxx
CloneB L oikiSokASGFTFT  ¥°%  QaLEWG woooo LSSLTSEDSAVYYGAR  sooocox  MAQGTTLASSS
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Vitamin B,, contains a cobalt complex and accumulates at high levels in the liver. Vitamin B, was examined
for its hepatoprotective effect on dimethylnitrosamine-induced liver injury in mice. Vitamin B,, decreased the
blood levels of aspartate aminotransferase and alanine aminotransferase, and clearly inhibited the overaccumu-
lation of collagen fibrils. Reverse transcription-polymerase chain reaction (RT-PCR) analysis of the liver showed
that the gene expression of @~smooth muscle actin and heat-shock protein 47, which are markers of fibrosis, were
suppressed by vitamin B,, administration. Our findings indicate that vitamin B,, could be an effective hepato-

protective agent.

Key words

The incidence of hepatoma related to hepatitis C and B
continues to increase in developed countries. Chronic liver
injury, including that caused by virus infection, cause persist-
ent inflammation and fibrosis, followed by the development
of liver cirrhosis and hepatoma. The use of interferon (IFN)
has become the first-line treatment for viral hepatitis, but it is
not effective in patients with a high viral load. Recently, in-
vestigators have begun to seek hepatoprotective agents that
might facilitate the treatment of liver failure.

Vitamin B, contains a cobalt complex and is therefore
also known as cobalamin.” Its molecular weight is the largest
of all the vitamins, and it is known to accumulate at high lev-
els in the liver. Therefore, the concentration of vitamin B, in
the blood rises in the presence of acute or chronic liver dis-
ease.”” Also, vitamin B,, associates with many enzymes,
such as adenosylcobalamin-dependent isomerases, methyl-
cobalamin-dependent methyltransferases, and dehaloge-
nases.” Chronic feeding of a methyl-donor, vitamin B ,-defi-
cient diet causes the spontaneous development of hepatocel-
lular carcinoma.” Therefore, when the liver is injured, stored
vitamin B,, leaks out into the blood, which causes a severe
B,,-deficit in the liver, probably resulting in metabolic dys-
function. So far, it has been reported that vitamin B,, was ef-
fective for the liver protection against the acute liver injury.”
However, there is no findings of the effect on chronic liver fi-
brosis. Therefore, we examined the effect of vitamin B, on
the fibrogenesis using chronically liver-injured mice.

Dimethylnitrosamine (DMN) is a potent hepatotoxin, car-
cinogen and mutagen. DMN induces liver fibrosis in a highly
reproducible manner, first inducing a central hemorrhagic
necrosis followed by the formation of septa and establishing
micronodular cirrhosis after 3 weeks of treatment.” DMN-in-
duced liver fibrosis in animals is a good and reproducible an-
imal model for studying pathophysiological alterations asso-
ciated with the development of liver fibrosis and cirrhosis in
humans.®? In this study, we found that the treatment of a
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hepatoprotection; vitamin B,,; liver fibrosis; metal complex

chronic liver-injury model with vitamin B,, suppressed both
liver inflammation and fibrosis.

MATERIALS AND METHODS

Animals BALB/c mice were purchased from SLC
(Shimizu, Japan). The animals were housed in an air-condi-
tioned room at 22 °C before the experiment. Hepatic injury
in mice aged 6 weeks was elicited by the intraperitoneal ad-
ministration of dimethylnitrosamine (DMN; Sigma, St.
Louis, MO, U.S.A.) at 5mg/kg body weight for the first 3
consecutive days of the week for 4 weeks. Vitamin B,
(Wako Pure Chemicals, Osaka, Japan) was administered in-
traperitoneally at 10 mg/kg body weight at the same time as
DMN. After 4 weeks of treatment, the mice were anes-
thetized, and blood samples were taken from the orbital
sinus. The animal experiments were conducted according to
the ethical guidelines of the Osaka University Graduate
School of Pharmaceutical Sciences.

Histological Amalysis Liver specimens were fixed in
10% formaldehyde and embedded in paraffin. Sections were
cut from the tissue blocks, mounted on slides, and stained
with Elastica van Gieson (EG).

Assays Serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels were measured using
an assay kit (latrozyme TA-Lq; Mitsubishi Kagaku Iatron
Inc., Tokyo, Japan).

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR) The liver was excised and homogenized after
removing the blood with phosphate-buffered saline. The total
RNA was extracted from the liver homogenates using Sepa-
sol-RNA I (Nacalai Tesque, Kyoto, Japan). The gene expres-
sion of o-smooth muscle actin (a-SMA) was analyzed by
RT-PCR using the following primers: forward 5'-CAGGG-
AGTAATGGTTGGAAT-3' and reverse 5'-CGTCGTATTC-
CTGTTTGCTGA-3'. Heat-shock protein 47 (HSP47) gene
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