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FIGURE 1. Fractionation of blueberry leaf extract for the inhibitor of HCV

subgenome expression. The inhibitory activity was indicated under each
fraction as the ICg, value (micrograms/mi).

TABLE 1

Purification of HCV subgenome expression inhibitory activity in
blueberry leaf

Subgenome Total

Total Specific  Purification

weight GXP;ESSM"’ activity factor activity Yield
50
my pg/ml 1/ICsq mg/ICs0 %

MeOH extract  440.0 547 0.18 1.00 80.44 100
Water layer 284.2 174 0.57 3.14 163.33  203.05
LC ist 140.2 0.89 112 6.15 15753 19584
LC 2ad 246 0.54 1.85 10.13 45.56 56,63
LC 3ed 2.9 0.087 11.49 62.87 33.33 4144

(a 15-100% gradient of acetonitrile) was used. The data indi-
cated that a strong inhibitory activity eluted around 90% of
acetonitrile (17 min) with some minor inhibitory activities
broadly eluted earlier. Those results suggested the possible
existence of multiple HCV subgenome expression inhibitors in
the CMW-W fraction (Fig. 2A4). To purify the most active com-
ponent, we initially separated the CMW-W isocratic at 30%
acetonitrile and collected the active fraction eluted at 3.3-5.2
min (Fig. 2B). After repeated collection, we obtained 140.2 mg
of active fraction (LC1) from 440 mg of methanol extracts. The
IC,,, value of this fraction for HCV RNA expression was 0.89
pg/ml, yielding a specific activity 6-fold higher than that of the
initial methanol extracts (Table 1). In the second round HPLC
(Fig. 2C), we fractioned LC1 as follows: 20% acetonitrile from 0
to 7.5 min, followed by 20 -100% linear gradient of acetonitrile
from 7.5 to 12.5 min. A highly active fraction was eluted from
11.9 to 13.2 min and collected (LC2), yielding 24.6 mg with
an ICg, value 0.54 pg/ml (Table 1). In the third HPLC step
(Fig. 2D), we applied LC2 and eluted with 40— 65% methanol
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instead of acetonitrile. The active fraction was eluted from
3.2 to 6.2 min and collected (LC3), finally yielding 2.9 mg of
solid material with a dark flesh color. The IC4, value for HCV
RNA expression of LC3 was 0.087 pg/ml, with a 63-fold
increase in specific activity relative to the initial methanol
extracts (Table 1). We also checked the cytotoxic effect on
replicon cells. The CC,, value of the cytotoxicity of LC3 was
18.5 ug/ml, and the selective index, which was calculated by
dividing CCgq by IC,, was 212.6, showing a 16.5-fold higher
selective index value compared with initial methanol
extracts (Fig. 3).

The Inhibitor of HCV Subgenome Expression Is Proantho-
cyanidin—To analyze the constituent elements in the purified
fraction LC3, EPMA was performed. This analysis indicated
that the fraction is composed of carbon and oxygen, but not
nitrogen (data not shown). In addition, trace amounts of cal-
cium, sodium, potassium, and aluminum, which appeared to be
contaminating elements, were also identified. Next, LC3 was
analyzed by LC/MS-IT-TOF. Preliminary trials showed that
analysis required the use of an APCI probe at 450 °C, and no
signal was obtained at 250 °C. The mass spectrum data showed
five peaks (Fig. 4), and [M-H] ™ at m/z 401.0494 and 689.1135
were considered to be trifluoroacetic acid adducts of m/z
287.0553 and 575.1196, respectively. From these spectra, the
parent mass of this compound appeared to be [M-H] " at m/z
575.1196, which was estimated to be C;,H,,0,, (error = 0.17
ppm), an A-type dimer of procyanidin. Given the fact that strict
conditions (APCI probe temperature at 450 °C) were required
to ionize the compound, it appeared that the isolate consisted of
one or more polymers of procyanidin.

We next analyzed the purified LC3 fraction by butanol-HCI
hydrolysis (Porter method) (11, 12). The reacted solution
turned a red color, which is in accordance with the color of
anthocyanidin generated by heating of procyanidin/proantho-
cyanidin under acidic condition. Using procyanidin B2 as a
standard, the procyanidin content in the LC3 fraction was
86.33%. The hydrolysis solution was analyzed by LC/MS-IT-
TOF. The main peak (retention time = 7.3 min) of the PDA
chromatogram at 540 nm was observed at the same position as
that of the cyanidin standard (Fig. 5A4). Indeed, MS/MS spectra
of this peak were identical to those of the cyanidin standard

" (Fig. 5B). These results revealed that the HCV RNA replication

inhibitory compound present in the LC3 fraction from blue-
berry leaves was procyanidin. Because the hydrolysate of this
compound also contained a trace amount of delphinidin (Fig.
54, arrow), this compound was considered to be proanthocya-
nidin rather than procyanidin.

Structural Analysis of the Inhibitory Proanthocyanidin by
Thiolysis—To analyze the terminal and extension units and also
define mDP of proanthocyanidin in the purified LC3 fraction of
blueberry leaves, we combined thiolysis (13) with reversed-
phase HPLC. When thiolysis products of purified proanthocya-
nidin in the LC3 fraction were analyzed in reversed-phase
HPLC, several peaks (A—H) were identified (Fig. 6). The peaks
A, C, and H were considered to be catechin, epicatechin, and
benzylmercaptan, respectively, according to the retention time
of each standard preparation. Other peaks were confirmed by
analyzing mass spectra. The parent mass of peak E was [M-H] ™~
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A MS/MS was 124.0382, which was
4000 in accordance with a benzylthio

- 4000 W g adduct. Thus, peak E appeared to be
g 3000 y 13000 3 catechin or epicatechin benzyl-
g | Expression 2 thioether. Because the retention
,: 2000 ;fé“\:\b‘ltl;ogf 12000 £ time of epicatechin benzylthioether
ES each fraction; b was the same as that of peak E, we
.'5 1000 ’3) ;;‘: {1000 3 considered peak E to be epicat-
——10% echin benzylthioether. The paren-

0 : ‘ 0 tal mass of peak G was [M-H] ™ at

0 2 2 miz 697.1385 (predicted formula:

B .00 5000 C37H30~012$), and its MS/MS was
' . [M-H] ™ at m/z 573.0987. Again, the

E 2000 {4000 & difference was 124.0398 and likely
= 1 g represented the benzylthio adduct.
E 1500 Expression | 3000 < Thus, peak G was estimated to be a
§ 1000 ;2?:3:{;0& 1000 % benzylthicether of A-type dimer
> C“‘l‘ f"f‘c;‘g/:“: ) & consisting of catechin and/or epi-
= 500 g 5y 11000 3 catechin. Peak B was detected as
——10% - parent MS [M-H] ™ at m/z 863.1822

00 5 . PR 0 . 16 18 '200 with a predicted formula C,;H;,0, 4
(error = —0.86 ppm). Because the

C 16000 4000 formula of B-type procyanidin tri-
< 14000 mer is C,H 40, g and that of A-type
= 12000] 1000 E’ is C,sH,,0,5, this peak was likely a
E 10000 & trimer in which A-type and B-type
< 5000 12000 ; interflavan bonds coexisted. Peak D
5 om g was su‘gg.ested tobean A-B typfa tri-
g | = mer similar to peak B but with a
4000 1000 = benzylthio adduct. The parental
2000 mass of peak F was [M-H]" at m/z

0 0 605.1449, and its MS/MS was

0 2 [M-H]™ at m/z 481.1109, so that a

D 00 4000 benzylthio adduct was also present
in peak F. However, we could not

S 10000 & obtain the predicted formula of the
E s | R parental mass of peak E. The struc-
§ 2 tural analysis of the HCV inhibitor
o 06000} 12000 ¢ proanthocyanidin from blueberry
F 4000 & leaves (fraction LC3) is summarized
2 - 1000 % in Table 2. The mDP of proantho-
2000 | = cyanidin in this fraction was esti-

0 . » 0 mated to be 7.7. Because the pre-

0 2 4 6 8 o 12 14 16 I8 20 dicted formula of peak F was

- Retention Time (min)

FIGURE 2. HPLC chromatogram and HCV subgenome expression-inhibitor activity. Replicon assays were
performed using three different concentrations (1%, 5%, and 10%) of each eluted fraction and are indicated as
luciferase activity. The elution conditions are indicated under “Experimental Procedures”. A, preliminary HPLC
chromatogram and suppressive activities against HCV subgenome expression in replicon cells. The applied
sample was eluted with a 15-100% gradient of acetonitrile. B, first preparative fractionation (LC Ist fraction-
ation). CMW-W fraction was applied, and the eluate was collected from 2.1 minto 18 min (445 pl/fraction, total
26 fractions). Fractions with significant inhibitory activity, eluted from 3.3 to 5.2 min, were collected. C, second
preparative fractionation (LC 2nd fractionation). The collected sample from the first LC fractionation was sub-
sequently separated by HPLC, and fractions with significant inhibitory activity eluted from 11.9 to 13.2 min
were collected. D, third preparative fractionation (LC 3rd fractionation). Sample collected in the second LC
fractionation was further separated by HPLC, and fractions with significant inhibitory activity, eluted from 3.2
10 6.2 min, were collected.

undefined, peak F is indicated as
“unknown” in Table 2.

Role of Polymerized Structure of
Proanthocyanidin in the Inhibition
of HCV Subgenowme Expression—Be-
cause the purified HCV expression-
inhibitory proanthocyanidin  of
blueberry leaf was oligomer with
mDP 7.7, we asked whether the
polymerization was required for
inhibitory activity. First, the inhibi-
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tory activities of monomers such as catechin, epicatechin, and
epigallocatechin-gallate, all of which were constituents of pro-
anthocyanidin, and also of the dimer (procyanidin B2) were

A CEVON

at mi/z 411.0892, with an estimated formula of Cy,H;004S
(error = —3.8 ppm), and its MS/MS spectrum was [M-H]™ at
miz 287.0510. The difference between the parental mass and
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tested by HCV replicon assay. These monomers and the dimer
of procyanidin lacked inhibitory activity (Table 3).

We then determined how the degree of polymerization of
proanthocyanidin affected the inhibition. The crude fraction of
proanthocyanidins was obtained by the extraction of three low
polarity solvents (acetone-hexane-ethyl acetate) as described
under “Experimental Procedures.” The ICg, of HCV RNA
expression of this proanthocyanidin-enriched fraction was 3.20
pg/ml, showing greater activity than the crude methanol
extract. After fractionation on a Sephadex LH-20 column, each
eluant was analyzed by LC/MS-IT-TOF and thiolysis to deter-
mine the components and mDP of proanthocyanidin (supple-
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FIGURE 3. Dose-dependent effects of blueberry-derived samples on sub-
genomic HCV RNA-expression inhibition and viability of replicon cells.
A, dose-dependent effects of methanol extracts of blueberry leaves. Concen-
trations of the sample from 0.112-2200 pg/ml were tested. I1Cg, for HCV
expression and CC, for cytotoxicity were 5.47 ug/mi and 70.61 ug/ml,
respectively, and the selective indexwas 12.9. B, dose-dependent effects of
purified sample (LC 3rd fractionation). Concentrations of the sample from
0.01 to 50 pg/mi were tested. The ICg, values for HCV subgenome expres-
sion and cytotoxicity were 0.087 pg/miand 18.50 pg/ml, respectively, and
the selective index was 212.6.

Blueberry Leaf Proanthocyanidin Suppresses HCV

mental Fig. S1). Then, the blueberry leaf-derived proanthocya-
nidins with different mDP were assessed for HCV inhibitory
activity. The inhibitory activity of blueberry leaf proanthocya-
nidin was clearly dependent on the polymerization level, and
the peak activity was observed at a polymerizationlevel of ~8 to
9 (ICsq: 0.05 pg/ml) (Fig. 7).

Effect of Purified Blueberry Proanthocyanidin on the Expres-
sion of NS3 HCV Protein in Replicon Cells—In our system, HCV
RNA expression in replicon cells was expressed as luciferase
activity. Thus, the observed inhibitory activity may have
resulted from nonspecific inhibition of luciferase by proantho-
cyanidin. Therefore, we examined the effect of the purified pro-
anthocyanidin (fraction LC3) on the expression levels of the
neomycin-resistant gene and the NS3 protein gene, both of
which were encoded in the HCV subgenome of replicon cells.
The purified blueberry proanthocyanidin suppressed the
expression of the neomycin-resistant gene and also the levels of
NS3 protein in a concentration-dependent manner, indicating
that the proanthocyanidin purified from blueberry leaves in fact
suppressed the expression of HCV subgenome in the replicon
cells (Fig. 8).

hnRNP A2/B1, Which Has Affinity to Proanthocyanidin, Is
Indispensable for Expression of Subgenomic HCV RNA—To
investigate the molecular mechanism underlying the suppres-
sion of HCV RNA expression by proanthocyanidin, we compre-
hensively identified proteins having affinity to the purified pro-
anthocyanidin from blueberry leaves. The protein extract from
replicon cells was treated with proanthocyanidin-coupled
Sepharose, and then the adsorbed proteins were eluted. The
extract was also treated with Sepharose beads coupled to cate-
chin, a structural unit of proanthocyanidin, but HCV subge-
nome-expression inhibitory activity was not observed (Table
3). The proteins having higher affinity to proanthocyanidin
than catechin were detected with fluorescent two-dimensional-
DIGE (Fig. 9). In the eluate from proanthocyanidin-coupled
Sepharose, intensities of 32 spots were increased compared
with those from catechin-coupled Sepharose. Twenty-seven
spots were cut from Coomassie-stained gels and subjected to
peptide mass fingerprinting using MS, and we successfully
identified proteins derived from 25 spots (Nos. 1 to 25 in Fig. 94
and Table 4). Although other possible candidate spots were also
suggested in a rectangular portion (Fig. 94), they were not sub-
jected to protein identification due to insufficient separation.

From the list of identified proteins (Table 4), most could be

categorized into two groups. The

] 401.0494 first group consisted of subunits of

& 3.0 eukaryotic translation initiation fac-
= 4.0 5751196 tor 3 (eIF3). They included elF3A

N 287.0553 (spot Nos. 1, 5, and 9), elF3F (No.

=t 49,0870 10), eIF3G (No. 12), elF3H (No. 4),
5 2.0 1 689.1135 and elF3M (No. 13). Although

B 0 eIF3A was identified from multiple
- , protein spots (Nos. 1, 5, and 9), this
0.0 - L o bl S e R may be due to post-translational

100 200 300 400 500 600 700

FIGURE 4. APClI MS spectra of the LC3 fraction. The total-ion chromatogram of the LC3 fraction was further
analyzed by APCI MS. Peaks of m/z 401.0494 and m/z 689.1135 were considered to be trifluoroacetic acid
adducts of m/z 287.0553 and m/z 575.1196, respectively. Parental MS of this compound was estimated at m/z

575.1196, and the formula was assumed to be C;oH,,04,.
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-
800 900 M/Z modification and protein process-
ing. The second group of proteins
consisted of hnRNPs such as

hnRNP A/B (No. 19), haRNP A2/B1
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A 35 v

(No. 8), hnRNP K (Nos. 17 and 22),

hnRNP L (Nos. 11, 15, and 21), and
30 hnRNP Q (Nos. 2, 6, and 7) also
> 25 known as NS1-associated protein 1.
é 20 Importantly, elF3 has been reported
g - to bind directly to the HCV internal
; 15 ribosome entry site (IRES), leading
510 to translation initiation of viral pro-
< 5 l teins (18). Moreover, all hnRNPs
Qo B }\ Y, A identified have been reported to be
< 0 m— associated with HCV genomic RNA
5 : ; such as IRES and non-translated
0 2 4 6 8 10 12 4 regions (19-25). These results
Retention time (min) imply that proanthocyanidin may
target cellular proteins such as elF3
]3/‘\1.75 3 cyanidin standard 2130536 and hnRN.Ps. To further clarify t.he
& 1504 relationship between these proteins
< E and HCV subgenome expression,
1.23 we examined the effects of siRNA-
\; ‘-O(E 137.0229 85,0592 based knockdown of these proteins
£075 sosst | 1578 i 241.0483(1) (supplemental Fig. S2). First, we
: : ! 1750431 .
&5 0.50 t - Bolse(l) 231.0637(1) selected three elF3 subunits (elF3F,
0257 1{11.{0211\ ’:’ll I l“l !" 2‘134’6'2H| | ey s elF3G, and elF3H), which are
0.00 bttt el e Ml Bt g e e thought to be involved in IRES bind-
100.0 125.0 150.0 175.0 200.0 225.0 250.0 2750 m/z ing of IE3 (26). However, knock-
down of these subunits did not
o 1259 purified peak in A 2130545 affect the luciferase activity in repli-
2 00 con cells. Then, we targeted all
< ] hnRNPs identified. Among them,
— 075 1370233 siRNA pool targeting hnRNP A2/B1
é“ 0.50-] 157.0654 1850599 2410483 significantly suppressed.the lucifer-
g ] 13 p360 1743 231,063 : ase activity of HCV subgenomic
% 0.25 broade T Ly | ] regesas ' 269.0427 replicon cells (supplemental Fig.
P ] jf| 1”.“1 gl‘.ﬂ.l. f | J hl f i | 9 d thi I fi
000 = %50 1500 1750 2000 2350 2500 2750 m/z 52), and this result was confirmed

using two kinds of single siRNA
(Fig. 10). Weak suppressive activi-
ties were also suggested by siRNAs
targeting other hnRNPs such as
hnRNP A/B, K, and L (supplemental

FIGURE 5. PDA chromatogram and MS/MS spectra of the hydrolysate of the purified fraction by
the Porter method. A, PDA chromatogram at 540 nm of hydrolysate of purified fraction from blueberry
{eaves. The main peak {arrowhead; retention time = 7.3 min) is located at the same position as the cyanidin
standard. Other peaks were estimated to be methoxylated cyanidins from M5 and MS/MS spectra. The
arrow indicates the position of delphinidin. 8, MS/MS spectra (positive ion mode) of hydrolysate of cya-

niding standard (upper panel; parent MS at 287.0550) and the purified peak in A (fower panel; parent MS at

287.0555).
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FIGURE 6. HPLC chromatogram at 280 nm of thiolysis products of LC3
fraction from blueberry leaves. Peaks A, C, and H were identified as cat-
echin, epicatechin, and benzylmercaptan, respectively. Peak £ was identi-
fied as epicatechin benzylthioether. Peaks 8 and D were estimated to be
procyanidin trimer with coexistence of A-type and B-type linkages and its
benzylthioether, respectively. Peak G was procyanidin A-type dimer. Peak
F was not identified.
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Fig. 82).
DISCUSSION

The HCV infection is a major cause of chronic liver disease,
which eventually results in end-stage liver diseases such as cir-
rhosis and hepatocellular carcinoma. A crude extract from rab-
bit-eye blueberry (V. virgatum Aiton) leaves exhibited signifi-
cant inhibitory activity against HCV RNA expression when
analyzed in HCV subgenomic replicon cells. In this study, we
attempted to purify a compound that suppresses HCV subge-
nome expression from the blueberry leaves. The final purified
product was identified as proanthocyanidin, and it was effective
at concentrations that are two orders of magnitude below the
toxic threshold in replicon cells. The mDP of the proanthocya-
nidin in purified anti-HCV expression fraction was 7.7 with a
high proportion of epicatechin as the monomeric components.
Subsequent analysis indicated that the blueberry leaf-derived
proanthocyanidin with a degree of polymerization of ~8-9
shows the highest inhibitory activity. Finally, the purified pro-
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TABLE 2

Thiolysis results of purified fraction (LC3) from blueberry leaves
Extension

EC” A-29 Unknown AB-3° Total

Terminal
C* EC* AB-3° Total C"

mDP

%
LC3 7.7 i4.5 100 08 581 1LS 232 6.0 100
“ Catechin,
 Epicatechin.
“ Trimer consisting of both A-type and B-type interflavan bonds.
4 A-type dimer.

204 651

TABLE3

Effects of constitutional units of proanthocyanidin on expression of
HCV subgenome in replicon cells

Subgenome

DPor . Cytotoxicity, Ratio,
Compounds mDP exp;és:ﬂlon, CCso CCep/ICsq
g/l ug/ml

Catechin 1 16.18 1004 6.2
Epicatechin i 27.32 113.8 42
Epigallocatechin-gallate t 14,61 41.68 2.9
Procyanidin B2® 2 >25.0 >25.0 -
Purified proanthocyanidin from 7.7 0.087 18.5 212.0

blueberry leaf (1.C3 fraction)

“ Epicatechin dimer.
25
20 L

&
-
2z
S 15

<
2
e
S e ©

]
& «? .

® P ®
5 [
° ® ..
0 —ﬂ—h - :
0 5 10 15 20
mDP

FIGURE 7. Scatter plot of mDP and specific activity of subgenomic HCV
RNA-expression inhibition. The mDP was estimated by thiolysis of each
fraction. The specific activity was calculated from ICg, value of each fraction.

anthocyanidin from blueberry leaf extracts suppressed the
expression of the neomycin phosphotransferase gene and the
NS-3 protein gene in HCV subgenome replicon cells in a dose-
dependent manner. These data suggest the potential value of
blueberry leaf proanthocyanidin for the treatment of HCV
infection.

Proanthocyanidin is a polyphenol that shows polymerization
of more than two units of flavan-3-ol such as catechin and epi-
catechin (supplemental Fig. $3). There are two interflavan
bonds in proanthocyanidin, in which the B-type has one linkage
of interflavan bond (C4 — C8 or C4 — C6) and the A-type has
two linkages of bonds (C4 — C8 and O7 — C2) (27). Proantho-
cyanidins were previously known as condensed tannin and are
present in various plants and foods. They contribute to organ-
oleptic properties such as stability, astringency, and bitterness
(28, 29). There are a number of foods and nutritional supple-
ments that contain proanthocyanidins with health-promoting
benefits, and their value has been described in the literature and
patent documents. For example, proanthocyanidin contained
in blueberries increases the lifespan of the nematode (Caenorh-
abditis elegans) (30). Sangre de Grado extracted from Croton
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FIGURE 8. Suppressive effects of purified blueberry leaf proanthocyani-
din (LC3 fraction) on the expression of the neomycin resistant gene and
NS-3 protein in replicon cells. A, Northern blot analysis of the neomycin-
resistant gene expression {Neo) in the presence of 0 pg/ml (control) to 3.3
pg/ml proanthocyanidin in a 3-fold dilution series, The expression of B-actin
mRNA is also indicated as a normalization control. 8, Western blot analysis of
the expression of NS-3 protein (NS3) in the presence of 0 ug/mi (control) to 10
ug/mi proanthocyanidin in a 3-fold dilution series. The B-actin protein levels
are also shown as a normalization control.

lechleri resin is a traditional natural medicine in the upper
Amazon and contains hydrolyzing flavonoids, proanthocyani-
dins, and other polyphenols (31, 32), which have been shown to
possess anti-viral activities against influenza, parainfluenza,
herpes simplex viruses, and respiratory syncytial virus (33-38).
However, to the best of our knowledge, this report is the first
study to demonstrate that proanthocyanidin inhibits the
expression of subgenomic HCV RNA.

Regarding the mechanism underlying the anti-viral activi-
ties, proanthocyanidins from Croton lechleri resin and prodel-
phinidin B-2 3'-O-gallate from green tea leaf inhibit herpes
simplex viruses infection by preventing the attachment and
penetration of the virus into the target cells (37, 39). Recently,
the grapefruit flavonoid naringenin was reported to inhibit apo-
lipoprotein B-dependent HCV secretion (40). However, in this
study, we evaluated the inhibitory effect on HCV subgenome
expression by measuring luciferase activity in replicon cells
without using actual viral particles. Therefore, the mode of
anti-HCV action of proanthocyanidin is different from that in
herpes simplex viruses infection mentioned above and is also
different from the inhibitory mechanism of naringenin.
Instead, our study suggests that blueberry leaf-derived proan-
thocyanidin may interact with hnRNP A2/B1, a factor required
for HCV subgenome expression in our replicon assay. In
accordance with this observation, recent study has shown that
hnRNP Al, a protein highly homologous to hnRNP A2/B1,
facilitates HCV replication, and the double knockdown of
hnRNP Al and hnRNP A2 significantly suppresses replication
(23). Alternatively, proanthocyanidin may bind to the transla-
tional initiation complex associated with HCV IRES and
thereby suppresses the HCV subgenome expression, because a
number of translational regulatory proteins are included in our
list of proanthocyanidin-binding proteins. To date, for the
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inhibitors of IRES-directed translation in HCV-infected cells,
vitamin B12, a synthetic peptide derived from human La pro-
tein, and RNA molecules targeting IRES have been reported
(42— 44). However, little is known regarding the effect of natural
product-derived polyphenolic compounds on HCV IRES-di-
rected translation, and this possibility should be clarified in a

future study. It should be noted that all proanthocyanidin-bind-
ing proteins identified in this study are intracytoplasmic and/or
intranuclear proteins. However, it is not known whether pro-
anthocyanidin can be efficiently translocated into the intracel-
lular space despite its highly polymerized structure. Nonethe-
less, absorption of proanthocyanidin from the digestive tract

A B

Proanthocyanidin-binding Proteins Catechin-binding Proteins

Molecular Weight

Low

pH3 > pH 10 pl > p

FIGURE 9. Fluorescent two-dimensional-DIGE images of proteins with affinities to blueberry leaf proan-
thocyanidin (4) and catechin {B). Protein extracts from replicon celis were treated with epoxy-activated
Sepharose coupled to proanthocyanidin or catechin. The adsorbed proteins were efuted and then visualized as
protein spots using fluorescent two-dimensional-DIGE. Fluorescent intensities were measured using Progen-
esis Discovery software. In the eluate from proanthocyanidin-coupled Sepharose {A), intensities of 32 spots
were increased relative to those from catechin-coupled Sepharose (B). Twenty-seven spots were subjected to
subsequent analysis and proteins derived from 25 spots {spot nos. 1-25in A) were identified with peptide mass
fingerprinting. Spot numbers correspond to those In Table 4. Proteins in regions of high molecular weight and
high p! {rectangular regions) were not sufficiently separated and were not analyzed.

TABLE 4
Proteins with higher affinity to biuebetry proanthocyanidin than to catechin

has been reported (12, 45), suggest-
ing the possibility of proanthocyani-
din internalization into cells, and
internalization of high molecular
weight molecule via clathrin-medi-
ated endocytosis, caveolae-medi-
ated uptake or pinocytosis has been
reported (46). Further studies are in
progress, focusing on the intraceliu-
lar uptake of proanthocyanidin.
The current therapies for hepati-
tis C patients are based on a combi-
nation of pegylated recombinant
interferons and ribavirin. However,
viral clearance is achieved by <60%
of treated patients, and the thera-
pies are limited by significant side
effects and high costs (47, 48).
Therefore, many novel anti-HCV
drugs are currently under develop-
ment, most of which target viral
enzymes. For example, BILN-2061,
VX-950, and SCH503034 are inhib-

Tntensity” (x10%)

Spot o @ S e Accession N Molecujar i
no.”  proanthocyanidin Catechin Ratio®  pvalue Protein name number/ Coverage? mass” pl
% kDa
1 569 £ 298 0.99 = 0.24 573 0.0015  Eukaryotic translation initiation factor 3 subunit A (efF3A) Q14152 124 166.9 6.38
2 6.96 = 1.33 1.39 £ 0.30 5.00 <20.0001 hnRNP Q Q60506 27.0 69.8 8.68
3 5.63 £ 0.71 1,15 £ 0.36 4.88 <0.0001 Splicing factor U2AF 65-kDa subunit P26368 225 53.8 3.19
4 8.19 £ 2,57 1.68 = 0.35 4.86 0.0001 efF3H 015372 412 40.1 6.09
5 522 % 284 1.33 = 0.36 391 0.0036  elF3A Q14152 15.1 166.9 6.38
6 802 176 2,28 £ 0.90 352 <0.0001 hnRNP Q 060506 244 69.8 8.68
7 245 £ 0.29 073 £ 0.24 3.35 <0.,0001 hnRNPQ 060506 164 69.8 8.68
8 1711 = 3.99 5.24 = 426 3.26 <0.0001 hnRNP A2/B1 122626 36.3 37.5 8.97
9 2.66 £ 1.70 1.00 £ 0.29 265 0.0202  elE3A Q14152 15.2 166.9 6.38
10 2.37 = 0.82 0.96 % 0.19 247 0.0010  eIF3F 000303 280 377 524
11 5.40 * 1.55 227 + 0.56 2.38 0.0002 hnRNPL P14866 202 64.7 846
12 6.77 £ 3.52 2.86 & 0.68 2.37 0.0113  elF3G 075821 16.3 359 5.87
13 17.99 % 9.05 7.89 * 2.5¢ 228 0.0104  elF3M Q7L2H7 326 429 541
14 9.28 *+ 1.10 4.26 * 0.71 2.18 <0.0001  Leucine-rich PPR motif-containing protein, mitochondrial P41704 10.3 159.0 581
15 6.78 = 1.96 320+ 0.75 2.12 0.0005 hoRNPL P14866 183 64.7 8.46
16 254 = 0,55 124 £ 011 2.05 0.0001  Splicing factor U2AF 65-kDa subunit Pa6368 20,0 53.8 919
17 17.65 © 1.23 976 + 1.87 1.8} <0.0001 haRNP K P6i978 313 51.2 5.39
18 32.71 £ 6,34 19.20 = 6.08 1.70 0.0003  Splicing factor, proline- and glutamine-rich P23246 194 76.2 945
19 3.98 £ 0.35 2.34 = 0.32 1.70 <0.000F  Heterogeneous nuclear ribonucleoprotein A/B (hnRNP A/B) Q99729 17.5 36.3 8.22
20 3.57 + 0.59 213+ 0.52 1.68 <0.0001  Splicing factor 45 Q96125 17.0 45.2 576
21 422 + 118 252 % 0.32 1.68 0.0023 hoRNPL P14866 21.2 64.7 846
22 28.44 £ 2,99 1740 = 3.82 1.63 <0.0001 bhaRNPK P61978 29.8 51.2 5.39
23 18.62 * 1.68 11.76 = 3.01 1.58 <0:0001 ATP-dependent RNA helicase DDX1 Q92499 40.3 833 6.81
24 1.81 £ 046 1.18 £ 0.35 1.53 0.0052  Fragile X mental retardation syndrome-related protein P51114 155 70.0 584
25 5.42 x 0.57 3.60 = 0.93 1.51 00001 Splicing factor U2AF 65-kDa subunit P26368 26.3 53.8 9.19

4 Spot numbers correspond to those in Fig. 9.
# [ntensitics of spots are shown as normalized volume * S.D. (nine gels pev group; proanthocyanidin and catechin).

¢ Ratio was calculated using Progenesis Discovery software and expressed as differences of spot intensity in proteins eluted from proanthocyanidin-coupled Sepharose compared

with those from catechin-coupled Sepharose.
4 gratistical difference were determined by Student’s £ test . Values of p < 0.05 were considered significant.
¢ Proteins were identified using Mascot with Swiss-Prot database.
fReferences for identified proteins.
£ Percentage cover of the identified peptide in total tryptic digests.
' Theoretical molecular mass from Mascot search results.
Theoretical isoclectric point {pl) from Mascot search results.
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FIGURE 10. Effects of hnRNP A2/B1 knockdown on HCV subgenome expres-
sion in replicon cells, Results of two siRNA sequences {si-#09 and si-#11) are
shown. A, effects of siRNA on the expression of hnRNP A2/B1 protein. Same blot
was also probed by anti-actin antibody. B, effects of siRNA on luciferase activity
{(HCV subgenome-expression activity) (closed bars) and cellular viability (open
bars). The siRNA concentration is indicated as a logarithmic scale. Values are
mean = 5.0, of triplicate experiments. *, p < 0.05; *¥, p < 0.001, Student t test.

itors of NS3/4A serine protease, and R1479 and HCV-796 are
inhibitors of NS5B RNA-dependent RNA polymerase (41,48 ~53).
NA255 is also an FICV replication inhibitor targeting the host
sphingolipid biosynthesis (10). These compounds are relatively
low in molecular weight and can be manufactured by organic syn-
thesis. On the other hand, the anti-HCV compound purified from
blueberry leaves is a flavan-3-ol polymer with a molecular mass of
~2 kDa. The highly polymerized structure that is required for the
efficient inhibition of HCV subgenome expression makes synthe-
sizing the anti-HCV proanthocyanidin difficult. However, because
proanthocyanidins are components of many plants and foods,
daily intake of proanthocyanidin is possible and may be beneficial
against HCV replication in hepatitis C patients. We estimate that
fresh blueberry leaf is rich in proanthocyanidin, which
accounts for 3—4% of the weight. Moreover, the polymerized
status of blueberry leaf-derived proanthocyanidin appears to
be suitable for the inhibition of HCV subgenome expression.
Therefore, blueberry leaves might have potential as a source
of anti-HCV proanthocyanidin.

In summary, we demonstrated that extracts of blueberry leaf
possess strong suppressive effects against HCV subgenome
expression in a replicon cell system. We identified the inhibitor
as a proanthocyanidin oligomer with an mDP value of ~8. Fur-
ther studies of the mechanism underlying proanthocyanidin-
mediated HCV inhibition may open new ways to design novel
anti-HCV drugs.

Acknowledgments—We thank Kazunori Nakata (Miyazaki Prefec-
ture Industrial Technology Research Center) for support in the EPMA
analysis and Dr. Michinori Kohava (The Tokyo Metropolitan Insti-
tute of Medical Science) for providing HCV replicon cells.
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Increased Rate of Death Related to Presence of
Viremia Among Hepatitis C Virus Antibody-Positive
Subjects in a Community-Based Cohort Study

Hirofumi Uto,' Sherri O. Stuver,2 Katsuhiro Hayashi,* Kotaro Kumagai,! Fumisato Sasaki,' Shuji Kanmura,!
Masatsugu Numata,' Akihiro Moriuchi,' Susumu Hasegawa,! Makoto Oketani,! Akio Ido,! Kazunori Kusumoto,?
Satoru Hasuike,? Kenji Nagata,> Michinori Kohara,® and Hirohito Tsubouchi'

The overall mortality of patients infected with hepatitis C virus (HCV) has not been fully elucidated.
This study analyzed mortality in subjects positive for antibody to HCV (anti-HCV) in a community-
based, prospective cohort study conducted in an HCV hyperendemic area of Japan, During a 10-year
period beginning in 1995, 1125 anti-HCV-seropositive residents of Town C were enrolled into the
study and were followed for mortality through 2005. Cause of death was assessed by death certificates.
Subjects with detectable HCV core antigen (HCVcAg) or HCV RNA were considered as having
hepatitis C viremia and were classified as HCV carriers; subjects who were negative for both HCVcAg
and HCV RNA (i.e., viremia-negative) were considered as having had a prior HCV infection and were
classified as HCV noncarriers. Among the anti-HCV-positive subjects included in the analysis, 758
(67.4%) were HCV carriers, and 367 were noncarriers. A total of 231 deaths occurred in these subjects
over a mean follow-up of 8.2 yeats: 176 deaths in the HCV cartier group and 55 in the noncartier
group. The overall mortality rate was higher in HCV carriers than in noncarriers, adjusted for age and
sex (hazard ratio, 1.53; 95% confidence interval, 1.13-2.07). Although liver-related deaths occurred
more frequently among the HCV carriers (hazard ratio, 5.94; 95% confidence interval, 2.58-13.7), the
rates of other causes of death did not differ between HCV carriers and noncarriers. Among HCV
carriers, a higher level of HCVcAg (=100 pg/mL) and persistently elevated alanine aminotransferase
levels were important predictors of liver-related mortality. Conclusion: The presence of viremia in-
creases the rate of mortality, primarily due to liver-related death, among anti-HCV-seropositive
persons in Japan. (HEPATOLOGY 2009;50:393-399.)

HCYV clearance is very rare. Approximately 170 million
people worldwide are infected with HCV, and chronic
HCV infection is 2 major health problem. HCV is a com-
epatitis C virus (HCV) was identified 20 years mon cause of fatal liver disease, including liver cirrhosis
ago. It is now known that between 50% and and hepatocellular carcinoma (HCC). However, the
85% of acute HCV infections become chron-  liver-related mortality rate associated with chronic HCV
ic''3; after developing chronic infection, spontaneous infection is highly variable across different populations. In

See Bdicorial on Page 349

Abbreviations: ALT, alanine amingtransferase; anti-HCV, antibody to HCV; CI, confidence interval; GGT, gamma-glutamyltransferase; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; HCVeAg, hepatitis C virus core antigen; HR, hazard ratio; IFN, interféron.
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patients that have been infected for more than 20 years,
the occurrence of liver cirrhosis, HCC, and liver disease—
related mortality are reported to be 10%-50%, 1%-23%,
and 4%-15%, respectively.

The range in published HCV-related mortality rates is
due in part to the variability in the natural history of HCV
infection as well as in the subjects studied. Some HCV-
positive individuals have persistently normal alanine ami-
notransferase (ALT) levels and exhibit no clinical
symptoms. Persons with this phenotype were often not
included in previous hospital-based studies that focused
on liver-related mortality in patients with HCV-associ-
ated liver disease/cirrhosis.®> A few studies have system-
atically examined the risk of causes of death after HCV
infection in a community-based setting”%; however, the
status of HCV viremia was not clear in these studies. In
addition, the age range of HCV-infected subjects fol-
lowed for mortality can vary considerably, with some co-
hort studies conducted in subjects whose average age was
younger than 45 years"!%'? and others among older indi-
viduals.9'*15 To overcome some of these limitations, we
analyzed mortality in 1125 subjects positive for antibody
to HCV (anti-HCV) with data on viremia status, who
were enrolled in a population-based cohort study in an
HCV hyperendemic area of Japan between 1995 and
2005. These subjects were followed prospectively undil
* death or until the end of the study in December 2005.

Patients and Methods

Study Population. Since 1993, we have been follow-
ing anti-HCV-seropositive residents in a hyperendemic
area (Town C) of Japan. The overall prevalence of anti-
HCV positivity is higher (20.6%) in this region than in
the surrounding area.!' Town C is a small town in mid-
western Miyazaki Prefecture, Japan, and the Town C
HCV Study is a cohort study examining the natural
course of HCV infection.'”?® A general health examin-
ation program, begun in 1993, has been conducted
annually for residents over 20 years of age. An ultrasonog-
raphy-based liver disease screening program was initiated
in 1994 to detect HCC in Town C residents who were
identified as positive for anti-HCV. A total of 1321 anti—
HCV-positive residents were enrolled into the cohort
from 1994 through the last liver disease screening in
2006. Informed consent was obtained from subjects at the
time of enrollment. The study was approved by the hu-
man subjects committees of the Harvard School of Public
Health, the University of Miyazaki Faculty of Medicine,
the Boston University School of Public Health, and the
Kagoshima University Graduate School of Medical and
Dental Sciences. ‘

HEPATOLOGY, August 2009

Our analysis focuses on the 1125 subjects with hepati-
tis C viremia data between 1995 and February of 2005,
who were followed for mortality from the beginning of
1996 through the end of 2005. Anti-HCV-seropositive
subjects with detectable HCV core antigen (HCVcAg) or
HCV RNA were considered to be persistently infected
with HCV and were classified as HCV carriers. Anti—
HCV-positive subjects who were negative for HCVcAg
and HCV RNA were assumed to have had a prior HCV
infection and were classified as noncarriers. Subjects who
underwent oral or intravenous administration of medical
herbs or other palliative therapies or who had received
interferon therapy were not excluded from the analyses. A
subgroup analysis was conducted on HCV carrier subjects
with at least three independent ALT measurements ob-
tained at an annual general health examination or liver
disease screening; ALT levels =35 were considered abnot-
mal.

Follow-Up. For this analysis, follow-up started at the
date of first HCV viremia measurement (baseline) and
ended at date of death or December 31, 2005. During the
course of the study, 12 residents moved to other areas, and
their follow-up time was censored at that point; no other
subjects were lost to follow-up. Cause of death was based
on the information from the death certificate and was
classified into one of seven categories: HCC, liver disease
excluding HCC, neoplasms excluding HCC (i.e., other
neoplasms), stroke, heart disease, pulmonary disease ex-
cluding lung cancer, and other/unknown causes.

Laboratory Methods. Serum anti-HCV antibodies
were detected using second-generation enzyme immuno-
assay testing (Immunocheck F-HCV antibody; Interna-
tional Reagents Co., Kobe, Japan) or third-generation
chemiluminescence enzyme immunoassays (Lumipulse
Ortho II; Ortho-Clinical Diagnostics, Tokyo, Japan). In
the anti-HCV-positive residents, serum levels of HCV-
cAg were tested with a fluorescence enzyme immunoassay
(Immunocheck F-HCV Ag Core; International Reagents
Co., Kobe, Japan),?! with a detection threshold of 8 pg/
mL. The presence of HCV RNA was determined by re-
verse transcription polymerase chain reaction (Amplicor
HCV Monitor, version 1.0 [Nippon Roche, Tokyo, Ja-
pan] or version 2.0 [Nippon Roche or Roche Diagnostics
K.K., Tokyo, Japan]) in study subjects whose HCVcAg
levels were below the detection threshold.

Serologically defined HCV genotype (HCV serotype)
was determined with a serological genotyping assay kit
(Immunocheck F-HCV Grouping; International Re-
agents Co., Tokyo, Japan). If the HCV serotype could not
be determined, the HCV genotype was examined (HCV
Core Genotype; SRL, Tokyo, Japan). HCV genotype 1b
was included with serotype 1, and genotypes 2a and 2b
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Table 1. Baseline Characteristics of Anti-HCV Antibody-Positive Subjects in Town C HCV Study

All Patients

HCV Cariters HCV Noncarrlers

Characteristics {n = 1125) (n = 758) {n = 367) P Value
Age (yeats)
Mean (+=SD) 64.2 (x11.1) 64.9 (+10.6) 62.6 (+11.9) 0.007
Range 28-97 32-97 28-30
Sex
Male 456 (40.5%) 313 (41.3%) 143 (39%) 0.46
Female 669 (59.5%) 445 (58.7%) 224 (61%)
ALT (170} 40 + 42.8 (1062) 47 + 47.5(719) 25.3 = 25 (343) <0.001
GGT (lU/L) 35.8 = 46 (912) 39.1 = 50.7 (612) 29.2 = 33.6 (300) <0.001
HCV core antigen level (pg/mlb)
Mean (=SD) 207.5(+208.4) -
Median 140 -
Range 20-1445 -
HCV serotype ’
! 463 (64.5%) -
i 220 (30.6%) -
Indeterminate 35 (4.9%) -
HBs antigen
Positive 6 (0.6%) 4 (0.6%) 2(0.6%) 0.99
Negative 948 (99.4%) 638 (99.4%) 310 (99.4%)
History of alcohol intake
Daily 365 (34.3%) 236 (32.9%) 129 (37.2%)
Occastonally 206 (19.4%) 140 (19.5%) 66 {19.0%) 037
None 493 (48.3%) 341 (47.6%) 152 (43.8%)
History of blood transfusion .
Yes 165 (15.7%) 101 (14.3%) 64 (18.6%) 0.07
Neo 885 (84.3%) 605 (85.7%) 280 (81.4%)

Abbreviations: ALT, alanine aminotransferase; GGT, gamma-glutamyltranspeptidase; HBs antigen, hepatitis B surface antigen; HCV, hepatitis C virus.

with serotype II. No other HCV genotype was detected in
this study population, :

Statistical Analysis. One-factor analysis of variance
x? tests, Fishet’s exact tests, and the Mann-Whitney U
tests were used, when appropriate, for statistical compar-
isons of the baseline characteristics of the HCV carrier
and noncarrier groups of subjects. Cox proportional haz-
ards regression was used to obtain hazard ratios (HRs) and
95% confidence intervals (Cls) that were adjusted for age
and sex; for the analyses of cause-specific mortality, sub-
jects who died from a different cause were censored at the
time of death. The cumulative incidence of death was
analyzed by the Kaplan-Meier method, and differences in
the survival curves were evaluated by the log-rank test.
Statistical analyses were performed using Statistical Anal-
ysis System (SAS, version 9.1; SAS Institute, Cary, NC),
STATVIEW (version 5.0; Abacus Concepts, Berkeley,
CA), or SPSS (SPSS Inc., Chicago, IL) software pro-
grams. A P value less than 0.05 was considered to be
statistically significant.

Results
Demographic Characteristics of Study Subjects. As

shown in Table 1,758 (67.4%) of the anti—-HCV-positive
subjects were HCV carriers (i.e., positive for HCVcAg or

HCV RNA), with a mean age at enrollment of 64.9 years.
The HCV noncarrier group, who were considered to have
had a prior HCV infection, included 367 subjects whose
mean age at enrollment was 62.6 years. On average, the
HCV carriers were older and had higher levels of ALT and
gamma-glutamyltransferase (GGT) than the noncarriers,
at baseline. In contrast, there were no significant differ-
ences between the two groups with respect to sex, alcohol
intake, or history of blood transfusions. The number of
subjects positive for hepatitis B surface antigen was small
and not significantly different between the two groups.
Sixty-seven subjects reported that they had previously re-
ceived interferon (IFN) therapy, all of whom were cate-
gorized as HCV carriers when they entered the study.
Fifteen of these subjects were treated prior to entering the
study, five were treated during the study, and one was
treated both prior to and during the study; for the other
46 subjects, the timing of [FN treatment was unknown.
Although the results of IFN therapy could not be fully
determined for these 67 subjects, 41 of 44 with available
data in 2005 were positive for HCV RNA at that time and
only three (7%) were negative for HCV RNA.

Overall and Cause-Specific Mortality. Over an av-
erage of 8.2 years of follow-up, 231 deaths occurred
among the 1125 subjects (Table 2). The overall mortality
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Table 2. Cause of Death in Subjects Positive
for Anti-HCV Antibody
Cause of Death All Patients HCV Carrlers HCV Noncarrlers

All causes 231 176 55
1. All liver-related deaths 76 70 6
a. HCC 45 41 4
b. Non-HCC 31 29 2
2. Neoptasms excluding HCC 41 28 13
3. Stroke 30 20 10
4, Heart disease 22 13 9

5. Pulmonary disease X
excluding lung cancer 32 22 10
6. Other/unknown 30 23 7

Abbreviations: HCC, hepatoceliular carcinoma; HCV, hepatitis C virus.

rate was 25.0 per 1000 person-years in this study popula-
tion. Most deaths were liver-related, with 45 due to HCC
and 31 to other liver diseases including cirrhosis, hepatic
failure, and ruptured esophageal varix. The next most
frequent cause of death was other neoplasms (n = 41),
followed by pulmonary disease excluding lung cancer
(n = 32), stroke (n = 30), other/unknown causes (n=
30), and heart disease (n = 22).

Of the 231 deaths, 176 were in the HCV carrier group
and 55 were in the noncarrier group (Table 2). After
adjusting for age and sex, HCV carriers had a significantly
higher overall mortality rate (HR, 1.53; 95% Cl, 1.13-
2.07), compared to HCV noncarriers (Table 3). The ele-
vated mortality rate among the subjects with evidence of
HCV viremia was due to a much higher occurrence of
liver-related deaths (HR, 5.94; 95% CI, 2.58-13.7). In
contrast, HCV viremia was not significantly associated
with death from other malignancies, stroke, heart disease,
ot pulmonary disease. The camulative risk of death, based
on Kaplan-Meier estimates, was 28.0% for the HCV car-
rier group and 17.9% for the HCV noncarrier group over
10.3 years (Fig. 1), a statistically significant difference
(P < 0.001).

Table 3. The Association of HCV Viremia with Causes of
Mortality Among Anti-HCV Antibody-Positive Subjects In Town

C HCV Study
Cause of Death HR 95% Ci

All causes 1.53 (1.13, 2.07)
1. All fiver-related deaths 5.94 (2.58, 13.7)
a. HCC 4.85 {(1.73, 13.5)
b. Non-HCC 8.11 (1.94, 33.8)
2. Neoplasms excluding HCC 1.04 (0.54, 2.02)
3. Stroke 0.89 (0.41, 1.90)
4, Heatt disease ) 0.68 (0.29, 1.60)
5. Pulmonary disease excluding fung cancer - 1.05 (0.50, 2.22)
6. Other/unknown 1.59 {0.68, 3.71)

Abbreviations: Cl, confidence interval; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; HR, hazard ratio.

Cumulative incidence of deaths (%)
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Fig. 1. Cumulative incidence of all-cause deaths in HCV cariers and
noncarriers.

Predictors of Mortality Among HCV Carriers. The
age-adjusted and sex-adjusted association between HCV
serotype and HCVcAg level and mortality was examined
among the subjects with HCV viremia. Compared to
HCV serotype II, those with serotype I infection did not
have a higher rate of overall (HR, 1.04) or liver-related
mortality (HR, 1.12); however, having an indeterminate
HCV serotype was related to both overall (HR, 3.59;
95% CI, 2.1-6.1) and liver-related death (HR, 2.12; 95%
CI, 0.78-5.75). Of note, both serotype I infection (HR,
2.21; 95% CI, 0.91-5.33) and indeterminate HCV infec-
tion (HR, 3.89; 95% CI, 0.97-15.7) appeared to increase
HCC mortality. In addition, a significantly increased rate
of liver-related death was associated with a higher level
(=100 pg/mL) of HCVcAg (HR, 1.81; 95% CI, 1.08-
3.06); the effect of higher HCVcAg level was stronger
with respect to other liver-related death (HR, 2.58; 95%
Cl, 1.04-6.41) than to HCC death (HR, 1.48; 95% CI,
0.77-2.82). HCVcAg level had no effect on overall mor-
tality among the HCV carriers (HR, 1.06).

In a subgroup analysis of 719 HCV carrier subjects
who had data for at least three separate ALT measure-
ments, 173 had persistently normal ALT levels while 141
had persistently abnormal levels. Subjects whose ALT lev-
els Aluctuated were not included in the analysis. Adjusting
for age and sex, overall moruality (HR, 2.23; 95% ClI,
1.37-3.61) and liver-related death (HR, 11.0; 95% CI,
4.35-27.9) were significantly higher for HCV carriers
with persistently elevated ALT than for those with persis-
tently normal ALT. The strongly elevated rate of liver-
related mortality was evident for death due to both HCC
(HR, 11.1) as well as other liver-related disease (HR,
14.5).
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Discussion

Our study indicated that liver-related mortality is
strongly associated with the presence of HCV viremia
among persons who are seropositive for anti-HCV anti-
bodies and that HCVcAg and ALT levels were predictors
of liver-related mortality in HCV carriers. In this study
population, the age distribution of anti-HCV-positive
subjects, the prevalence of viremia, and the frequency of
HCYV serotype I were similar to previously reported data
in Japan.?*?> Japan has the highest incidence rate of HCC
attributed to HCV infection among developed countries.
Tanaka et al. estimated that HCV infection was spread in
Japan during the 1920s, whereas HCV was widely dis-
seminated in the United States in the 1960s.2¢ The au-
thors suggested that the HCC burden in the United States
will likely increase in the next two or three decades, pos-
sibly to a level equal to that currently experienced in Ja-
pan.

Several studies have examined mortality in patients
with HCV. Seeff et al. provided mortality data for 222
transfusion-associated hepatitis C cases and 377 control
patients after approximately 25 years of follow-up.?” Ka-
mitsukasa et al. also reported moruality data for 302
HCV-infected patients with tuberculosis sequelac who
had received a blood transfusion.' Although both studies
showed that liver-related mortality was significantly
higher in the disease groups than in the control groups,
liver-relared mortality was not the main cause of death.
Kamitsukasa et al. reported that the main cause of death
for approximately 45% of the patients in their study was
tuberculosis sequelae.!® Similar results were obtained in
patients with inherited bleeding disorders and hepatitis C,
whete the main cause of death was human immunodefi-
ciency virus (HIV)/acquired immune deficiency syn-
drome (AIDS).?® Moreover, there was no significant
difference between patients with and without hepatitis C
in the overall mortality rates in the study by Seeff et al. In
contrast, our study showed that all-cause mortality and
liver-related mortality with or without HCC were signif-
icantly higher in the HCV carrier group than in the non-
carrier group. The incidence of HCC in Caucasian
patients with HCV-related cirrhosis has been reported to
be 1.2% in the United States,?’ whereas the incidence in
Japanese patients is reportedly between 6% and 7%.%°
Furthermore, HCV-related cases in some studies in-
cluded subjects with previous HCV infections.!>?” Eth-
nic-dependent and racial-dependent variation in the rates
of HCC, the composition of the comparisons groups,
and/or complications unrelated to liver disease, such as
tuberculosis sequelae or HIV/AIDS, may have resulted in
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differences in the patient prognoses between our study
and previous studies.

It has been reported that HCC was the main cause of
liver-related death in patients with compensated cirrhosis
due to HCV infection.’’-3 Kasahara et al. found that
74% of liver-related death in patients with chronic hepa-
titis C who had not received IFN therapy was due to
HCC.» Although HCC was more frequently observed
than other liver-related deaths in our study, the propor-
tion of HCC among all liver disease deaths (59% in the
HCV carrier group) was relatively low compared to that
study.?® This occurrence may have been because the
causes of death were obtained from death certificates in
our study and cases of severe hepatic failure due to HCC
may have been classified as liver disease excluding HCC.

A large community-based linkage study that included
78,438 individuals with hepatitis C indicated that the risk
of dying from drug-related causes was significantly greater
than from liver-related causes; however, the incidence of
liver-related deaths was greater than that of drug-related
deaths in patients older than 45 years.” In addirion, other
studies have shown that age appears to be an important
risk factor that affects HCC development'* and that the
risk of cirrhosis is related to the patient’s age at the time of
infection and to disease activity.>*3> These reports, which
focused on patients with transfusion-associated chronic
hepatitis C, suggest that the younger the patients are at the
time of infection, the lower the rate of progression. Al-
though the exact dates of infection and HCC diagnosis
were not clear in our study population, the median age at
enrollment was older than 60 years. Thus, the incidence
of liver-related deaths might be expected to be greater
than deaths from other causes.

In our study, HCV serotype I, which included HCV
genotypes la and 1b, was found in 64.5% of the HCV
carrier subjects in whom serotype was measured, whereas
serotype 2, which included genotypes 2a and 2b, was
detected in 30.6% of patients. These results agree with the
overall distributions of HCV genotypes and serotypes in
the entire Japanese population, which show that genotype
1b is the most prevalent genotype at 70%.36 Several stud-
ies have demonstrated that genotype 1b is associated with
severe liver disease, including cirrhosis and HCC.3738 In
this study, there was an apparent association between
HCYV serotype 1 infection and mortality due to HCC.
Other studies, however, have not found an effect of HCV
genotype on liver disease development.3?4° In addition,
although an association of indeterminate serotype with
mortality was observed (HR = 3.6), the reason for this
finding is not clear. A larger study is needed to elucidate
the role of genotype in the prognosis of HCV infection.
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HCV RNA levels have also been reported to be associ-
ated with the progression of chronic hepatitis C.*-42 Al-
though the level of HCV RNA was not quantified in this
study, HCVcAg levels, which are known to correlate with
HCV RNA levels,?! were assessed by fluorescence enzyme
immunoassay. We observed that high HCVcAg levels
were predictive of liver-related mortality, including death
due to HCC, in the HCV carriers. The precise mecha-
nism underlying HCV infection— dependent hepatocarci-
nogenesis is not clear. However, a study of transgenic
mice that express the HCV core protein demonstrated
that this protein was important in HCC development.?
Of interest, Moucari et al. reported that insulin resistance
is a specific feature of chronic hepatitis C and associated
with high serum HCV RNA levels.* A significant in-
crease in the incidence of diabetes has also been seen in
subjects with high titer of HCV cote protein compared to
subjects who were negative for anti-HCV.% Moreover,
significant fibrosis is associated with insulin resistance, *4
and diabetes mellitus is known to increase the risk of
primary liver cancer in the presence of other risk factors
such as hepatitis C.% Thus, HCVcAg levels might be
associated with liver-related mortality through the devel-
opment of HCV-induced insulin resistance or diabetes
mellitus.

We have previously shown that elevated ALT levels are
an important predictor of HCC among HCV carriers in
this study population.!? In the current analysis, ALT, as-
partate aminotransferase, and GGT levels ac enrollment
were significantly higher in subjects who died due to a
liver-related disease compared with subjects who died
from other causes (data not shown). In addition, after
adjusting for age and sex, overall mortality (HR, 2.23)
and liver-related death (HR, 11.0) were significantly
higher for HCV cartiers with persistently elevated ALT
than for those with persistently normal ALT.

Our study had several limitations. First, data regarding
liver histology were lacking. It is likely thac HCV carriers
had more cirthosis than did HCV noncarriers, given that
more HCV carriers died of HCC and non-HCC liver
deaths (Table 2). However, we were unable to examine
this possibility directly. Information on platelet counts,
which are generally inversely correlated with hepatic fi-
brosis, was available for a subset of subjects. Based on data
obtained in 1996, mean platelet counts were significantly
lower in HCV carriers (n = 539; 18.4 X 10Y/uL. £ 5.6 X
10%/ L) than in HCV noncarriers (n=277;21.3 £ 6.0).
In addition, data from the last examination attended after
2001 showed that the persistently elevated ALT group
had lower mean platelet counts (n = 94; 14.5 X 109
pL 5.5 X 10%/uL) than did the persistently normal
ALT group (n = 123;21.8 = 7.3). These findings suggest
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that the presence of viremia may increase the rate of he-
patic fibrosis, especially in HCV carriers with high ALT
levels.

Second, although the effect of IFN therapy may have
implications with respect to the overall death rates in the
study population, information on treatment was limited.
However, the propottion of treated subjects with an ob-
served sustained viral response to IFN was small (7%).
Data on socioeconomic factors, which are strongly related
to mortality outcomes,*” also were not available in this
study. We would not expect much variation in socioeco-
nomic status in the study population, because the cohort
included only Japanese subjects who resided in a small
rural community where farming is the principal occupa-
tion. In addition, all subjects in the study population had
health insurance. Thus, we believe that socioeconomic
factors and IFN therapy likely did not greatly affect the
rate of mortality in our study population.

In conclusion, the results of this prospective 10-year
follow-up study showed a strong effect of HCV carrier
status on liver-related mortality among anti-HCV—sero-
positive individuals. Moreover, high HCVcAg and ALT
levels were important predictors of liver-related death in
this population. Monitoring HCV load and ALT level in
HCYV carriers may be important for identifying those in-
dividuals at increased tisk for HCC or other liver disease,
particularly among older carriers who are less likely to
respond to HCV treatment.
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