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HCV-infected patients were predominant. The median liver stiffness
values and serum hyaluronic levels were 22.3 kPa and 272.8 mg/l,
respectively, suggesting that a major part of patients had advanced
liver fibrosis.

Because serum ATX levels have gender differences [29], which are
higher in women than in men, serum ATX levels were analyzed in
men and women, respectively. Serum ATX levels in the studied patients,
1.94 + 1.01 mg/l (mean =+ SD) in male and 2.87 -+ 0.76 mg/l in female
patients, were increased and above the central 95 percentile reference
interval of healthy controls [24], in 94 of 105 (89.5%) male patients
and in all female patients (Fig. 1A). These values are not higher than
those in patients with chronic liver disease caused by hepatitis C virus
(C-CLD) in the absence of HCC in a previous cohort, which were
2.07 4 0.81 mg/l in male patients (n = 42) and 2.85 & 0.97 mg/l in

A °
6 1 °
-
[®)]
E°] . .
©
R - !
>
& a1 i
£
=
2 24
3 i
1..
Male Female
B o
6 °
S l P=0.12 :
£ °7 .
L 4 8 s
Q@ ° B
x
< 91
£
3 21
@ i
1 ——~l~—-— —
T T
Before RFA After RFA
5000 l: P=99x10°*
= 1000 A °
% 500 H °
2 §
T 8
B 100 - —_— —
& 50 4
<
£
2 10 A
b 54
14 °
T ¥
Before RFA After RFA

Fig. 1. Serum ATX and AFP levels in HCC patients treated with RFA. (A) Serum ATX levelsin
148 HCC patients treated with RFA. The horizontal bars indicate the upper limit of 95
percentile reference interval for the healthy controls. (B) Serum ATX levels in HCC patients
(63 males and 27 females) before and after RFA. (C) Serum AFP levels in HCC patients
(90 males and 36 females) before and after RFA. The differences of serum ATX and AFP
levels before and after RFA were analyzed by using Wilcoxon signed-rank test. The asterisk
indicates the significant difference.

female patients (n = 32) [30]. When we focused on patients with
liver cirrhosis caused by C-CLD, serum ATX levels were 2.48 4+
0.74 mg/l in male patients (n = 16) and 3.20 4 0.93 mg/l in female pa-
tients (n == 20), where the former was significantly higher than those in
male HCC patients (P = 6.6 x 107, Wilcoxon rank-sum test). These re-
sults suggest that serum ATX levels in HCC patients were not higher
than those in patients with C-CLD, and they were rather lower than
those in patients with liver cirrhosis. On the other hand, serum alpha-
fetoprotein (AFP) levels were above the upper limit of the normal
range in our hospital (=9 ng/ml) in 82 of 148 (55.4%) patients.

3.2. Serum ATX levels in patients with HCC before and after RFA

To examine a potential relationship between serum ATX levels and
HCC, serum ATX levels were measured before and after RFA (2 to
4 weeks) in 90 patients (63 male and 27 female patients). Serum
AFP levels were also measured before and after RFA in 126 patients.
As a result, serum ATX levels were 2.30 + 1.08 mg/l before RFA, and
2.32 4 1.06 mg/l after RFA, which were essentially unaltered as
shown in Fig. 1B (P = 0.12). Then, we compared serum ATX levels be-
fore and after RFA in two patient groups, the patients whose samples
were collected 2 to 3 weeks after RFA (n == 61) and those whose sam-
ples were collected 3 to 4 weeks after RFA (n = 29). The changes in
serum ATX levels before and after RFA were 0.034 4 0.262 mg/l in the
former group, and —0.007 4 0.503 mg/l in the latter group, which
were essentially unaltered (P = 0.99, Wilcoxon rank-sum test). In con-
trast, a substantial decrease was observed after complete ablation in
serum AFP levels (P = 9.9 x 107°), as shown in Fig. 1C. Collectively,
the treatment of HCC with RFA led to a decrease in serum AFP levels
but not in serum ATX levels.

3.3. Relationship between serum ATX levels and tumor burden

We then examined whether serum ATX levels might be associated
with tumor burden. Fig. 2 depicts that there was no significant correla-
tion between serum ATX levels and the maximum diameter of HCC both
in men and women (Fig. 2A & B). When total volume was employed for
the evaluation of tumor burden of HCC, there was similarly no signifi-
cant correlation between serum ATX levels and the total volume of
HCC both in men and women (Fig. 2C & D). Collectively, there was no
association between serum ATX levels and tumor burden.

3.4. Relationships between serum ATX levels and other parameters

The parameters related to liver functions were analyzed whether
they might correlate with serum ATX levels. The strong correlations
were observed between serum ATX levels and the parameters predicting
for liver fibrosis, i.e., liver stiffness values, serum hyaluronic acid levels,
serum type IV collagen 7S levels, and aspartate aminotransferase-
to-platelet ratio index (APRI) as shown in Fig. 2E, F and Table 2. These
results may be in line with the previous finding that serum ATX levels
were correlated with the stage of liver fibrosis in patients with chronic
hepatitis C [14,30]. The significant correlations were also observed be-
tween serum ATX levels and the parameters related to liver functions
such as serum albumin levels, serum total bilirubin levels, serum aspar-
tate aminotransferase (AST) and alanine aminotransferase (ALT) levels,
serum alkaline phosphatase (ALP) levels and serum AFP levels. These
results suggest that the increase in serum ATX levels in patients with
HCC may be associated with fibrosis in the background liver bearing
HCC.

3.5. Characteristics of patients who underwent hepatic resection
Then, we could directly examine ATX mRNA expression in HCC tis-

sues in patients who underwent hepatic resection. The characteristics
of the enrolled patients are shown in Table 3. There were a higher
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Fig. 2. Relationship between serum ATX levels and HCC burden or liver stiffness in HCC patients. Relationships between serum ATX levels and the maximum diameter of HCC in male
(A) and female (B) patients, or total volume of HCC in male (C) and female (D) patients are shown. Data from 148 HCC patients (105 males and 43 females) treated with RFA were
used to analyze a relationship by using Spearman's rank correlation coefficient. No significant correlation was observed between serum ATX levels and the maximum diameter
(Spearman's rank correlation coefficient; p = 0.11, P = 0.25 (A) and p = —0.096, P = 0.54 (B)) or total volume of nodules (Spearman's rank correlation coefficient; p = 0.14,P =
0.14 (C) and p = —0.091, P = 0.56 (D)). Then, relationships between serum ATX levels and liver stiffness values in male (E) and female (F) HCC patients are shown. Data from 101
HCC patients (69 males and 32 females) treated with RFA were used to analyze a relationship by using Spearman's rank correlation coefficient. A significant correlation was observed
between serum ATX levels and liver stiffness values (Spearman’s rank correlation coefficient; p = 0.70, P = 3.0 x 10~ ! (E) and p = 0.40, P = 0.025 (F)).

proportion of patients who had neither hepatitis B surface antigen nor
anti-hepatitis C virus antibody in patients who underwent hepatic
resection compared to those who underwent RFA. Patients who
underwent hepatic resection had more platelet counts and less serum
ATX levels, suggesting that the fibrosis in the background liver may be
less severe.

3.6. ATX mRNA expression levels in HCC and peri-tumorous tissues
We investigated ATX mRNA expression levels in HCC tissues and in

peri-tumorous tissues. As depicted in Fig. 3A, ATX mRNA expression
levels in HCC tissues were not higher than those in peri-tumorous

tissues; ATX mRNA expression was higher in tumorous tissues than in
peri-tumorous tissues in 8 out of 30 patients (Fig. 3B). When examining
a relationship to serum ATX levels, there was no significant correlation
between ATX mRNA expression levels in HCC tissues and serum
ATX levels, as shown in Fig, 3C (Spearman's rank correlation coefficient;
p = 0.14, P = 0.50, n = 26), suggesting that ATX mRNA expression in
HCC tissues may not contribute to the increase in serum ATX levels in
HCC patients.

On the other hand, a significant correlation was observed between
serum ATX levels and ATX mRNA expression levels in peri-tumorous
tissues, as depicted in Fig. 3D (Spearman's rank correlation coefficient;
p = 050, P = 9.8 x 10™3). Furthermore, ATX mRNA expression levels
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Table 2
Correlation of serum ATX levels with other parameters in HCC patients treated with RFA in 105 male and 43 female patients.
8l P n P

Male patients
Albumin (g/dl) —0.63 75 % 1071 Platelet count (x10%/1) —0.53 5.6 % 109
Total bilirubin (mg/dl) 0.40 28 %1077 Liver stiffness values (kPa) 0.70 35x 107"
AST (U/) 0.69 6.1 x 10718 APRI 0.71 <22 x 1071
ALT (U/) 0.53 5.6 % 1077 Hyaluronic acid (mg/l) 0.67 <22 x 107
ALP (U/) 0.65 43 % 107" Type IV collagen 75 (ng/ml) 0.79 3.7 % 108
YGTP (U/1) 0.05 0.60 AFP (ng/ml) 0.42 8.1 x107°
Female patients
Albumin (g/dl) —0.48 1.0 % 1077 Platelet count (x10%/1) —0.19 023
Total bilirubin (mg/dl) 0.18 0.25 Liver stiffness values (kPa) 0.40 0.025
AST (U/1) 0.28 0.067 APRI 0.25 0.22
ALT (U/1) 0.22 0.16 Hyaluronic acid (mg/L) 0.34 0.058
ALP (U/1) 021 017 Type IV collagen 7S (ng/ml) 0.42 0.016
YGIP (U/1) 0.45 30 x 1077 AFP (ng/ml) 0.37 0016

Serum levels of type IV collagen 7S and hyaluronic acid were measured in 69 male and 32 female patients.

in peri-tumorous tissues were significantly correlated with liver fibrosis
stage (P = 6.3 x 1072, Jonckheere-Terpstra test), as demonstrated
in Fig. 3E. There was also a significant correlation between ATX mRNA
expression levels in peri-tumorous tissues and platelet counts as
shown in Fig. 3F (Spearman's rank correlation coefficient; p = —0.55,
P=16x1073).

4. Discussion

In the current study, increased serum ATX levels were observed in
89.5% of male RFA patients and all of female RFA patients with HCC, as
expected. To explain this increase in serum ATX levels in HCC patients,
there could have been 2 possibilities; one was that abundant production
of ATX in HCC tissues might lead to increased serum ATX levels. Another
possibility was that fibrosis in the background liver bearing HCC might
cause the increase in serum ATX levels, because serum ATX activity
was known to be increased correlatively with the liver fibrosis stage in
chronic hepatitis C patients [30]. Of note, both possibilities were not
mutually exclusive.

Table 3
Characteristics of patients who underwent hepatic resection.
Variable n =30
Age (y) 69.0 (63.0-74.5)
Sex, n (%)
Male 22 (73.3)
Female 8(26.7)
Viral markers, n (%)
HBsAg, positive 5(16.7)
Anti-HCVAD, positive 13 (43.3)
Both negative 12 (40.0)
AST (U/)) 36.0 (25.5-48.3)
ALT (U/1) 30.0 (21.3-48.5)
Albumin (g/dl) 39(36-42)

Platelet count (x10%/1)
Child Pugh classification

152 (113-182)

Class A 28 (93.3)

Class B 2(6.7)
Size of main tumor (cm) 22 (1.5-45)
No. of tumors®

1 18 (60.0)

2 6 (20.0)

3 4(13.3)

4 1(33)
Serum ATX level (mg/1)° 1.20 & 0.60
AFP (ng/ml) 10.2 (3.6-30.8)

Values are expressed as median and range (25th-75th percentiles), mean + SD, or
number (percent).

2 The number of tumors was not counted in one patient with portal invasion.

® Serum ATX levels were measured in 26 patients.

To examine the first one, serum ATX levels were measured before
and after RFA with curative intent. As a result, serum ATX levels were
not decreased after RFA compared to those before, whereas serum AFP
levels were significantly reduced after RFA. Furthermore, serum ATX
levels were not associated with HCC burden. These results suggest
that increased serum ATX levels in HCC patients may not be caused by
elevated ATX production in HCC tissues. Evidence that serum ATX levels
in HCC patients were not higher than those in C-CLD patients without
HCC and were rather lower than those in cirrhotic patients may be in
agreement with this speculation.

On the other hand, the strong correlations were observed between
serum ATX levels and the parameters predicting for liver fibrosis,
i.e., liver stiffness values, serum hyaluronic acid levels, serum type IV
collagen 7S levels, and APRL As described earlier, we previously report-
ed that serum ATX activity was increased correlatively with the fibrosis
stage in liver in humans [14] and rats [15], and that serum ATX levels
were a useful marker for liver fibrosis in chronic hepatitis C patients
[14,30]. As well known, HCC frequently develops in patients with
advanced liver fibrosis [16-19]. Thus, these results raise a possibility
that the increased serum ATX levels in HCC patients, who underwent
RFA, may be rather explained by fibrosis in the background liver bearing
HCC.

To examine whether ATX expression might be high in HCC tissues, as
previously reported, we had a chance to directly analyze HCC tissues in
surgically-treated patients. In contrast to the previous evidence, ATX
mRNA expression in HCC tissues was not elevated, but rather lower
compared to the background liver tissues in the current study. Nonethe-
less, there was no correlation between ATX mRNA expression in HCC
tissues and serum ATX levels. Thus, we have concluded that serum
ATX levels may not be associated with the status of HCC, but may rather
reflect fibrosis in the background liver in HCC patients.

We could not find the higher ATX mRNA expression in HCC tissues
compared to non-tumorous tissues in HCC patients treated with hepatic
resection. In this regard, Cooper et al. previously reported that ATX
mRNA was overexpressed in liver tissues of patients with HCC [17]. Be-
cause they analyzed ATX mRNA in HCC tissues compared with normal
liver tissues, our current results may not be inconsistent with their re-
sults. However, Wu et al. further reported that the increased ATX anti-
gen expression was detected mainly in HCC tissues compared to
normal liver tissues and that ATX overexpression in HCC was specifically
correlated with inflammation and liver cirrhosis [19]. According to their
results, ATX was detected predominantly in HCC cells, which may be in
contrast with our current findings, although the correlation with liver
cirrhosis is in line with our findings. Furthermore, microarray data
suggest that ATX mRNA was more strongly expressed in tumorous com-
pared with paired non-tumorous tissues [18]. We cannot explain these
differences between the previous studies and ours for the present. Qur
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Fig. 3. ATX mRNA expression in HCC and peri-tumorous tissues in surgically-treated patients. Data from 30 HCC patients treated with hepatic resection were used to analyze ATX mRNA
expression. ATX mRNA expression levels were even lower in HCC tissues than in peri-tumorous tissues (A). Columns are shown as mean 4 SD in 30 patients. The differences between ATX
mRNA expression levels in HCC tissues and in peri-tumorous tissues were analyzed by using Wilcoxon signed-rank test. The asterisk indicates the significant difference. ATX mRNA
expression levels in HCC tissues than in peri-tumorous tissues are shown in each patient (B). Relationships between serum ATX levels and ATX mRNA expression levels in HCC (C) and
peri-tumorous tissues (D) are shown. Data from 26 HCC patients treated with hepatic resection were used. Then, relationships between ATX mRNA expression levels in peri-tumorous
tissues and liver fibrosis stage (E) or platelet counts (F) are shown. Data from 30 HCC patients treated with hepatic resection were used.

results are based on the data from a substantial number of patients, and
we have analyzed ATX mRNA expression by quantitative real time PCR,
suggesting that ATX mRNA expression in HCC tissues may be at least
variable. No alteration of serum ATX levels after RFA for HCC and no cor-
relation of serum ATX levels with HCC burden observed in the current
study may be in agreement with the finding that ATX mRNA expression
in HCC tissues was not abundant compared to that in non-tumorous
tissues in HCC patients. This point should be further elucidated.

The origin and fate of serum ATX have not been fully elucidated yet.
High ATX mRNA expressions were found in adipose tissue, brain, lung,
duodenum and adrenals, and ATX mRNA expressions were determined
at a substantial level in liver, skeletal muscle, heart, suggesting that ATX
transcript is expressed in many tissues or organs [31]. On the other
hand, ATX has been shown to be cleared from the circulation, taken
up and degraded in liver sinusoidal endothelial cells [32]. During the
process of liver fibrosis, liver sinusoidal endothelial cells are known to
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undergo phenotypic changes with a loss of various receptors and liver
sinusoidal endothelial fenestrae causing the capillarization of the
sinusoids, thereby impairing the uptake of various substances by these
cells [33]. Thus, it is speculated that the phenotypic changes in liver si-
nusoidal endothelial cells during liver fibrosis may lead to a reduction
in ATX clearance by these cells, increasing the circulating ATX levels.
In addition to this, it has been clarified in the current study that the
mechanism underlying the increased serum ATX levels in liver fibrosis
may involve the increased production of ATX in fibrotic liver. We previ-
ously showed that ATX mRNA expression was not altered in carbon
tetrachloride-induced fibrotic livers compared to normal livers in rats
[15]. Regarding this difference in the increase in ATX mRNA expression
in fibrotic livers in rats and humans, ATX production in fibrotic livers
may vary depending on etiology or species. To solve this question, the
origin and fate of ATX in blood should be further clarified.

In the current study, we showed that serum ATX levels did not re-
flect the status of HCC, suggesting that ATX may not be a useful marker
in blood for HCC. However, because it is now well known that ATX is
responsible for the bulk of LPA production in blood [13], our current
data suggest that HCC tissues are likely to be exposed to an abundance
of LPA. In this context, the stimulatory effects of LPA on the growth
and motility of HCC-derived cells in vitro were reported [34-36].
Thus, elevated ATX levels in blood, caused by liver fibrosis, may play a
role in pathophysiology of HCC via LPA. This matter should be further
elucidated.
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Abstract

Activation-induced cytidine deaminase (AID) not only promotes immune diversity by initiating
somatic hypermutation and class switch recombination in immunoglobulin genes but also provokes
genomic instability by introducing translocations and mutations into non-immunoglobulin genes.
To test whether AID is essential for virus-induced tumor development, we used two transgenic
tumor models: mice expressing hepatitis C virus (HCV) core proteins (HCV-Tg), driven by the
hepatitis B virus promoter, and mice expressing human papillomavirus type 8 proteins (HPV8-Tg),
driven by the Keratin 14 promoter. Both strains were analyzed in the absence and presence of AID
by crossing each with AID”~ mice. There was no difference in the liver tumor frequency between

the HCV-Tg/AID** and HCV-Tg/AID-- mice at 20 months of age although the AID** mice showed
more severe histological findings and increased cytokine expression. Furthermore, a low level of
AID transcript was detected in the HCV-Tg/AID+* liver tissue that was not derived from hepatocytes
themselves but from intra-hepatic immune cells. Although AID may not be the direct cause of HCV-
induced oncogenesis, AlD expressed in B cells, not in hepatocytes, may prolong steatosis and cause
increased lymphocyte infiltration into HCV core protein-induced liver lesions. Similarly, there was
no difference in the time course of skin tumor development between the HPV8-Tg/AID-- and HPV8-
Tg/AID++ groups. In conclusion, AlD does not appear to be required for tumor development in the
two virus-induced tumor mouse models tested although AID expressed in infiltrating B cells may
promote inflammatory reactions in HCV core protein-induced liver pathogenesis.

Keywords: hepatitis C virus, human papillomavirus type 8

Introduction

Activation-induced cytidine deaminase (AID) is essential for
inducing DNA breaks during the somatic hypermutation and
class switch recombination of immunoglobulin genes required
for generating antibody diversity in activated B cells (1). AID
generates physiological mutations during deliberate anti-
body development, but can also cause chromosomal trans-
locations and mutations in proto-oncogenes when expressed
aberrantly (2). Transgenic, ubiquitous over-expression of AlD
causes T-cell lymphoma and micro-adenoma in the lung (3)
along with mutations in the TCR and c-myc genes. Chronic
infections with micro-organisms such as helicobacter pylori
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(4), hepatitis C virus (HCV) (5-7), and human T-cell leukemia
virus type 1 (8) induce the aberrant AID expression, which has
been proposed to cause tumors by introducing translocations
and somatic mutations into proto-oncogenes. In addition, AID
expression is associated with chronic infections of these path-
ogens in human cases, in which it has also been proposed to
contribute to tumor formation at least in part (4, 9). However, it
has not been directly determined if virus- or bacteria-induced
oncogenesis requires the action of AID.

Hepatocellular carcinoma (HCC) is the fifth most frequent
cancer, and hepatitis B virus (HBV) and HCV infections are
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the major risk factors for developing this cancer worldwide
(10). In fact the risk of developing HCC is increased 11.5-
to 17-fold in HCV-infected patients; however, antiviral ther-
apies have limited effectiveness in only a small fraction of
patients. Thus, elucidation of the mechanism(s) involved in
promoting liver tumorigenesis is urgently required for devel-
oping a prevention strategy. As natural infection of HCV is
restricted to humans and chimpanzees, several transgenic
mouse models harboring parts of the HCV polyprotein have
been generated to recapitulate HCC development (11).
HCV, a small RNA virus, belongs to the Flaviviridae family
and contains a 9.6-kb single-stranded RNA genome. The
polyprotein encoded by the HCV genome is processed into
the structural proteins (including core, E1 and E2) and the
non-structural (NS) proteins (NS2-NS5) required for RNA
genome replication by host and viral proteases (11). Among
them, the HCV core protein has unique, multifunctional roles
in apoptosis, signal transduction, reactive oxygen species
formation, transformation and immune modulation (such as
the up-regulation of TGF-p) (10) by interacting with many cel-
lular proteins. Out of the 14 lines of HCV-transgenic mice
developed, 5 HCV core protein-containing transgenic lines
and 1 non-structural (NS5A) transgenic line can give rise
to HCC, after the development of severe steatosis, a char-
acteristic pathology associated with HCV infection (11-13).
Especially, a transgenic mouse model expressing HCV core
protein (HCV-Tg) driven HBV regulatory elements (12), which
limits HCV core protein expression strictly in hepatocytes,
had the highest HCC prevalence among many HCV protein
transgenic model mice (11, 13); therefore, this model mouse
line seemed to be a good tool to investigate AID expression
in hepatocytes and its contribution to the mechanism of HCC
development.

On the other hand, the human papillomavirus (HPV) fam-
ily of small DNA tumor viruses, of which there are over 120
types, can cause hyper-proliferative lesions in cutaneous
and mucosal epithelia (14). Among them, HPV5 and HPV8
are classified as high-risk beta-type papilloma viruses and
are the two major causes of cutaneous squamous cell car-
cinoma (SCC) in epidermodysplasia verruciformis patients.
The development of SCC by HPV8 is promoted by a series
of carcinogenic events, including DNA damage, evasion of
apoptosis, mutation mediated by E6 protein and enhanced
proliferation after ultraviolet light B exposure, mediated by
E7 protein (14). Unlike HCV infection, HPV8 does not cause
severe inflammation; however, DNA damage is an important
carcinogenic process associated with this virus. A transgenic
mouse model in which HPV8 early genes are expressed under
the control of the Keratin 14 (K14) promoter (15) exhibits sig-
nificant papilloma development (up to 91% of the HPV8-Tg
mice) and malignant progression (6% of the HPV8-Tg mice
backcrossed to FVB/N).

To determine whether AID is aberrantly induced by HCV
or HPV8 and required for virally induced tumorigenesis,
we crossed HCV-Tg or HPV8-Tg mice with AID-/- mice and
compared the tumorigenesis frequencies in the AID** and
AID- mice. We also examined the AID expression levels in
the affected tissues. We found that HCV-Tg mice exhibited
enhanced AID expression in the B cells infiltrating the liver,
and that the steatosis and lymphocytic follicle formation were

more severe in the HCV-Tg/AID** than in the HCV-Tg/AID-
mice. However, the HCC prevalence at 20 months of age was
not remarkably different between the two groups. Similarly,
the time course of papilloma development was indistinguish-
able between the HPV8-Tg/AID** and HPV8-Tg/AID mice.
Furthermore, AID expression was not induced in the skin
papillomatous tissues of the HPV8-Tg/AID"* mice. We con-
clude that AlD is not necessary for the viral protein-induced
oncogenesis in these two mouse models.

Methods

Mouse maintenance and genolyping

All the mice used in this study were maintained at the Institute
of Laboratory Animals in accordance with the guidelines of the
Animal Research Committee, Graduate School of Medicine,
Kyoto University. AID-- mice (16) backcrossed to C57/B6
(BB) were crossed with HCV core protein transgenic mouse
line (HCV-Tg) (12, 13) and HPV8-Tg mice (on an FVB/N back-
ground) (15). AID-Cre and Rosa-RFP compound mice (17)
were crossed with HCV-Tg mice to enable the detection of
previous and current AlD expression. The genotyping prim-
ers are described in Supplementary Table 1, available at
International Immunology Online.

Western blotting

Western blotting was performed by conventional methods.
Mouse organs were dissected and homogenized in RIPA
buffer. The primary antibodies used were the rat monoclo-
nal anti-mouse AID antibody 2 (MAID-2) (eBioscience, San
Diego, CA, USA), anti-Tubulin antibody (Calbiochem, MERCK,
Darmstadt, Germany) and anti-HCV core protein antibody
(clone B2, Yes Biotech Lab, Anogen, Ontario, Canada).

Reverse transcription-PCR and quantitative reverse
transcription-PCR

Mouse organs were excised and homogenized in Sepasol
RNA | Super (Nacalai Tesque, Kyoto, Japan) following the
manufacturer’s instructions. Reverse transcription-PCR
(RT-PCR) was performed as previously described (18).
ExTag DNA polymerase (TaKaRa, Shiga, Japan) and the
primers described in Supplementary Table 2, available at
International Immunology Online, were used for conventional
PCR. Real-time PCR was performed with the primer sets in
Supplementary Table 2, available at International Immunology
Online, and the Power SYBR Green PCR Master Mix (ABI, Life
Technologies Japan, Tokyo, Japan) using the ABI 7900HT
system (ABI). The delta-delta Ct method was used to calcu-
late the fold change in gene expression. Error bars show the
standard deviation.

Histology and immunohistochemistry

For AID immunohistochemical staining, freshly excised liv-
ers were fixed in 4% paraformaldehyde and processed for
frozen section as previously described (19). AID protein
was detected by MAID-2 and peroxidase-labeled donkey
F(ab’)2 anti-rat IgG (Jackson ImmunoResearch, West Grove,
PA, USA) and stained with diaminobenzidine. Images were
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captured with a DM5000B microscope (Leica; Wetzlar,
Germany). Hematoxylin and eosin (H&E)-stained samples
were fixed with Mildform 10N (Wako Pure Chemical Industries,
Osaka, Japan), embedded in paraffin and stained by stand-
ard methods.

Liver cell fractionation and FACS analysis

The isolation of intra-hepatic immune cells (IHICs) from
the liver of HCV-Tg mice was performed as previously
described, with some minor modifications (20). The com-
position of IHIC cells was assessed by staining with the fol-
lowing antibodies: PE-labeled anti-mouse B220 for B cells,
allophycocyanin (APC)-conjugated anti-mouse CD11b for
macrophages and FITC-labeled anti-mouse CD8 and APC-
anti-mouse CD4 for T cells. The stained cells were analyzed
on a FACSCalibur (BD Japan, Tokyo).

ELISA

TNF-a, IL-18 and TGF-B were detected using ELISA kits
specific for each cytokine (BioSource, Life Technologies),
according to the manufacturer’s instructions.

Statistical analysis

The Mann—Whitney U-test was used to calculate the statis-
tical differences in AlID expression (Fig. 1B). Fisher’s exact
test was used to determine significant differences in tumor
incidence (Table 3). Student’s +test was used to determine
significant differences in cytokine expression (Fig. 3B and C),
and Welch's ttest was used for pathological severity valida-
tion (Table 2). P values < 0.05 were considered statistically
significant.

Results

Increased AID transcripts in the liver of HCV-Tg mice

To generate the observation groups, HCV-Tg mice were
crossed with A/D- mice. Then HCV-Tg/AID*~(HCV(+)AID*~)
mice from the first filial generation were again crossed each
other and the obtained HCV(+)AID~- and HCV(+)AID** mice
of the second filial generation were compared as the obser-
vation groups. The expression level of the HCV core protein
in the liver was similar in the HCV(+)AID~- and HCV(+)AID**
mice (Supplementary Figure 1, available at International
Immunology Online). Because HCV-Tg mice develop severe
steato-hepatitis within 9 months after birth (12), and this
chronic inflammation is supposed to reproduce the similar
cytokine environment to the TNF-a-stimulated hepatocyte
cell lines that express AID (9), we examined AID expres-
sion in the liver. AID transcripts were detected in the liver
from 16-month-old HCV(+)AID** mice, but not from wild-
type B6 mice (Fig. 1A, Supplementary Figure 2, available at
International Immunology Online). However, the AID expres-
sion detected in the HCV(+)AID** liver was comparable
to the low levels observed in primary unstimulated spleen
cells, which included B and T lymphocytes. Transcripts for
CD19, a specific marker for B lymphocytes, were also higher
in the HCV(+) compared with the B6 liver, suggesting that
the HCV(+) liver may contain a considerable number of B
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Fig. 1. AlD expressionintheliver of HCV-Tg mice. (A) Representative
RT-PCR analysis showing AID mRNA expression in the liver of
16-month-old HCV(+)AID** mice. Naive spleen RNA was included
as a positive control. Numbers indicate individual mice. RT(+),
with reverse transcriptase; RT(-), without reverse transcriptase.
The arrow indicates primer-specific amplification, and the arrow-
head shows non-specific amplification. (B) Relative AID expression
level in the liver of HCV(+)AID** mice at 16 months (n = 15) and
12 months of age (n = 7) and in wild-type (WT) 16-month-old (B6)
mice (n = 9), determined by quantitative (q) RT-PCR. P value by
Mann-Whitney U-test. (C) AID protein in the liver of the 16-month-
old HCV-Tg mice analyzed in (A), determined by western blot.
Splenocytes stimulated with [L-4 and LPS for 3 days were used as a
positive control. (D) Immunohistochemistry for AID protein localiza-
tion in the liver of HCV-Tg mice. The Peyer’s patches and liver of a
CAG-AID-Tg (CAG promoter-driven AID Tg) mouse were included
as positive controls, and the liver of an AID” mouse was included
as a negative control.
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Table 1. AID, CD19 and albumin mRNA levels in purified IHICs and hepatocytes

CD19/18s rRNA Albumin/18s rRNA AlD/18s rRNA

IHICs Hepatocytes Spleen B cells [HICs Hepatocytes IHICs Hepatocytes Spleen B cells
B6 326.6 3.3 920.0 1.0 1171.3 7.0£0.30 1.0 338.6+11.7
HCV(+)AID- 306.1 1.3 0.27 1082.0 0.0 0.0
HCV(+)AID* 360.6 1.0 10.6 1027.2 18326+ 11.0 3.2+0.63

Relative AID/18s rRNA expression in B6 hepatocyte is set as 1.0, relative CD19/18s rRNA in HCV(+)AID** as 1.0 and relative Albumin/18s rRNA

in B6 as 1.0. Zero means undetectable signal by g-PCR.

Table 2. The scored histological phenotypes of HCV(+)AID~-
and HCV(+)AID** mice

Genotype Severity score
of AID 0 1 2 3 Average
Steatosis in HCV(+)
12 months —{= 0 0 0 3 3
+/+ 0 0 0 2 3
16 months -= 2 8 2 0 1.00*
[+ 0] 8 4 0 1.83
20 months —/- 9 7 1 4 1.00*
+/+ 3 12 2 4 1.33
Lymphoid follicle in HCV(+)
16 months —/~ 9 3 0 0 0.25*
+/+ 5 7 0 0 0.58
20 months -/~ 4 13 1 3 1.14*
[+ 2 11 4 4 1.48

The severity of steatosis and lymphoid follicle formation is classified
as: 0 (none), 1 (mild), 2 (moderate) or 3 (severe). Values are the num-
bers of mice with each score.

*AID-- versus AID**, P> 0.05 by Welch's t-test.

Table 3. Liver tumor incidence in HCV-Tg mice

Age 16 months 20 months

AID genotype ~/- +/+ ~/= +/+
Male/Female 0/15 0/15 21/0 21/0
Tumour 0 0 3 4
Malignancy 0 0 2 4*

*AlD- versus AID**, P> 0.05 by Fisher's exact test.

lymphocytes, which could contribute to the increased AID
expression. Real-time PCR analysis revealed that the AID
transcript level in the liver from 16-month-old HCV(+)AID**
females was 15-fold greater than that from the liver of simi-
larly aged B6 mice and of 12-month-old HCV(+)AID** males
(Fig. 1B).

The AID protein levels were measured in the same liver sam-
ples by western blotting (Fig. 1C). However, using MAID-2, no
protein signal could be detected in the same samples that con-
tained AID transcripts (Fig. 1A). To quantify the limitation of AID
protein detection by MAID-2, we used spleen cells as a control
(Supplementary Figure 3, available at International Immunology
Online). We assigned one arbitrary unit of AID mRNA to the
g-PCR signal detected from 500ng of naive spleen cell RNA.
Extracts prepared from the same number of spleen cells

contained 8.6 pg protein, which did not elicit a detectable AID
signal in the western blot. Since the AID transcript level from
the HCV(+)AID*+ samples in Supplementary Figure 2, avail-
able at International Immunology Online, was lower than that in
naive spleen cells, we conclude that the AID protein signal in
the HCV(+)AID** liver was below the level detected by MAID2,

We next explored the possibility that the AID protein expres-
sion was limited to a specific location in the liver, such as the
immune cells in the hepatic blood vessels. We therefore per-
formed an immunohistochemical analysis of AID (Fig. 1D).
Although positive controls including liver tissue from CAG-
promoter-driven AID transgenic mice (3) and Peyer's patches
from B6 wild-type mice showed clear brownish signals, there
was no signal detected in any part of the HCV(+)AID** liver
tissue samples.

AlD transcripts are detected in IHICs, but not in
hepatocytes from HCV-Tg mice

We next explored the possibility that the low level of AID tran-
scripts was contributed by B cells infiltrating the HCV-Tg liver.
Liver cells from three HCV(+)AID-~ or HCV(+)AID** mice at
16 months of age were fractionated to separate the IHICs
from the hepatocytes (Fig. 2A and B). RNA was purified from
both fractions of each genotype, and the AID, CD19 and albu-
min transcripts were analyzed to confirm the purity of these
fractions and to identify the cellular origin of the AID mRNA
(Table 1). CD19 transcripts were detected almost exclusively
in IHICs, while albumin transcripts were mostly in hepatocytes,
validating the fractionation procedure. The level of AID tran-
scripts detected in the HCV(+)AID** IHICs was comparable
to the level observed in splenic B cells (132.6+11.0 versus
338.6+11.7, respectively), while the level in hepatocytes was
much lower, indicating that the source of AID transcripts in the
liver was not the hepatocytes themselves but the IHICs. Cell
surface marker analysis by FACS revealed that the IHICs con-
sisted of B220* B cells (25-29%), CD4* or CD8* T cells (~45%)
and CD11b* cells (7-10%), and that this composition was not
notably changed by the presence of the HCV transgene or the
AID genotype at 16 months of age (Fig. 2A, Supplementary
Table 3, available at International Immunology Online).

To detect both current and past AID expression, trans-
genic reporter mice expressing tdRFP under the control of
BAC-AID-Cre (17) were crossed to HCV-Tg mice (Fig. 2B
and C, Supplementary Table 3, available at International
Immunology Online). This mouse line reveals tdRFP fluo-
rescence in any cells that have (or had) expressed AID.
Using this approach, tdRFP* cells were found to represent
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Fig. 2. Cell surface marker analysis of IHICs and hepatocytes from HCV-Tg mice. (A) Cell surface marker profile of IHICs revealed by FACS
analysis. The numbers indicate the percentage of each population. The data are representative of three independent experiments. (B) AID
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AlDcre/RFP mice. The FACS profile data shown in (B and C) are representative of three independent experiments. The definitive cell numbers
of each quadrant in (B and C) are shown in Supplementary Table 3, available at International Immunology Online. (C) Average percentage of
B220*RFP+ cells in the B220* IHIC population from three independent experiments.

3-4% of the total IHICs in both HCV-Tg and no HCV-Tg
(HCV(-)) mice at 3 months of age (Fig. 2B). tdRFP was
not detected in hepatocytes from 3-month-old HCV(+)
mice that had already developed mild steato-hepatitis
(12). Analysis of three mice of each genotype (HCV(+)
and HCV(-)) revealed that the tdRFP+ cells represented
5.8+0.45% versus 6.2+ 1.0% of the B220* population,
respectively (Fig. 2C), indicating that the presence of the
HCV transgene did not affect the AID gene expression in
mice during the first 3 months of life.

AID deficiency reduces the severity of histopathological
phenotypes and cytokine expression profiles in the liver of
HCV-Tg mice

[t is reported that 14-30% of HCV-Tg male mice develop
HCC between 16 and 19 months of age (13). We therefore

analyzed the histopathological phenotypes of H&E-stained
liver sections from HCV(+)AID-- and HCV(+)AID** mice at 12
(male), 16 (female) and 20 months (male) of age (Figs 3A and
4A and Table 2). The severities of steatosis and lymphocyte
infiltration were graded from O to 3, and the average scores
for each group were calculated and tested by Welch's ftest
(Table 2).

At 12 months of age, both HCV(+)AID~- and HCV(+)AID**
male mice had developed severe steatosis. Unexpectedly,
the steatosis was milder in both HCV(+)AID- and HCV(+)
AID** female mice at 16 months of age than HCV(+)AID-~
and HCV(+)AID** male mice at 12 months of age. The stea-
tosis in the HCV(+)AID** mice appeared to be more severe
than in HCV(+)AID-"- mice, but the difference was not signifi-
cant (P> 0.05). This decrease in steatosis severity may have
been due to the female composition of the mice because
females of this HCV-Tg line did not show tumor development
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(13), and human HCV-infected cirrhotic females develop
HCC less frequently (21). In addition, lymphoid follicle for-
mation was apparent at 16 months of age and was more
frequent in the HCV(+)AID** than the HCV(+)AID mice
(Fig. 3A; Table 2). Consistent with the previous report (13),
the fibrotic or regenerative nodular changes were very mild
at 16 months of age.

However, the liver samples from both HCV(+)AID" and
HCV(+)AID+ mice at 20 months of age revealed marked pro-
gressive changes, with nuclear atypia detected in 10 out of 21
of each genotype, and liver cell degeneration or regenerative
changes detected in 10 and 11 out of 21 HCV(+)AID and
HCV(+)AID** mice, respectively (Fig. 4A). Interestingly, both
the steatosis and lymphoid follicle severity scores appeared to
be higher in the HCV(+)AID** than the HCV(+)AID™~ 20-month-
old mice (1.33 versus 1.00 for steatosis and 1.48 versus 1.14
for lymphoid follicles, respectively) although the observed dif-
ferences were not statistically significant (Table 2).

We next examined whether the more advanced inflamma-
tory histological phenotypes observed in the HCV(+)AID*
mice were associated with increases in cytokine expres-
sion. Since cytokine production levels are altered in chronic
HCV hepatitis (22) and in HCV-Tg mouse (23), we used
g-PCR to measure representative pro-inflammatory T,1 and
T.,2 cytokine expression levels in the livers of 16-month-old
female mice (Fig. 3B). The presence of the HCV transgene
was associated with significantly higher levels of IL-13, TNF-
a and TGF- mRNA, and HCV(+)AID** mice exhibited higher
TNF-a levels than HCV(+)AID-- mice. Consistent with the
g-PCR results, the protein levels of IL-18 and TGF-$ were also
elevated by the presence of the HCV transgene, and the TNF-
a protein production level was dependent on the presence of
AID, suggesting that TNF-a production may have led to the
aggressive pathological findings observed in HCV(+)AID**
mice (Fig. 3C).

Similar tumor incidence in HCV(+)AID~- and HCV/(+)
AID** mice

The incidence of tumor formation was carefully examined by
histopathological and macroscopic evaluation. None of the 15
HCV(+)AID or 15 HCV(+)AID** 16-month-old female mice
showed evidence of liver tumor formation, consistent with a
previous report (Table 3) (13). Further analysis of the 20-month-
old male groups, including 21 HCV(+)AID-- and 21 HCV(+)
AID** mice, revealed that 4 out of 21 HCV(+)AID** mice car-
ried macroscopic tumors, all of which were determined to be
malignant by histological examination (Fig. 4A, right 4 panels).
Similarly, 3 out of 21 HCV(+)AID-~ mice bore macroscopic
tumors, two of which were judged to be malignant (Fig. 4A, left
3 panels). These results suggest that AlD is not essential for
HCV-induced carcinogenesis. Consistent with these findings,
the AID transcript level in the tumor region of an AID** mouse
(#241) was equivalent to the level detected in a non-tumor
area (Fig. 4B). Comparison of the AID expression in the tumor
and non-tumor areas from the two tumor-bearing mice of the
HCV(+)AID and the two of HCV(+)AID** indicated that the
tumor tissues did not contain elevated AID expression levels
(Fig. 4C). The AID protein levels were not detectable by west-
ern blotting in either the tumor or non-tumor areas (Fig. 4D).
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Fig. 3. Inflammatory responses in the liver of HCV(+)AID- and
HCV(+)AID** mice. (A) Representative liver histology shown by H&E
staining. Wild-type B6 mice (left panel), HCV(+)AID-~ (middle panel)
and HCV(+)AID** (right panel) mice at 12 and 16 months of age
(original magnification x200). (B) mRNA expression of pro-inflamma-
tory, T,1 and T,2 cytokines in the liver of 16-month-old mice. n = 3
(mean =+ SD). (C) ELISA detection of cytokines in whole liver lysates
from 16-month-old wild-type B6, HCV(+)AID-- and HCV(+)AID**
mice. The data shown for each of the groups are based on the values
from six mice, except for the IL1-B evaluation for the HCV(+)AID*+
group, which is based on five mice.

Dispensability of AID for the development of skin tumors in
HPV8-Tg mice

To examine AID’s involvement in the development of HPV8-
induced skin tumors, HPV8-Tg (HPV(+)) mice were crossed
with AID-- mice. Then HPV8(+)AID*- mice of the first filial
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generation were again crossed each other and the obtained
HPV8(+)AID- and HPV8(+)AID** mice of the second filial
generation were compared as the observation groups. Both
genotypes developed skin tumors, and tumor samples from
6-month-old mice were tested for AID expression by RNA
and protein analyses (Fig. 5A and B). Neither the AID protein
nor its RNA was detectable in the samples analyzed. After
6 months, the final skin tumor prevalence was ~30% in both
mouse populations (15 out of 49 HPV8(+)AID-- and 16 out
of 51 HPV8(+)AID**) (Supplementary Table 4, available at
International Immunology Online), and the frequency and
time course of tumor development in the two groups were
almost indistinguishable (Fig. 5C). The histological examina-
tion of the skin tumor did not show any difference between
HPV8(+)AID** and HPV8(+)AID-- mice (Fig. 5D). The lower
papilloma prevalence (~30%) compared to the original report
describing the HPV8(+) mice (15) may be due to the mixed
genetic background of FVB/N and B6 in both groups (the
HPV8(+)AID- and HPV8(+)AID**+ mice), since mice with an
FVB/N genetic background are reported to have more severe
papilloma progression than those with a B6 background (15).
Although the malignant progression to SCC in these skin
tumors was not examined, AID expression was absent, and

tumor development was equivalent in the AID-- and AID**
mice. We thus conclude that AID is not involved in HPV8-
induced skin tumorigenesis.

Discussion

In this study, we investigated the requirement of AID for virally
induced tumorigenesis by using compound mice that were
generated by crossing mice transgenic for either HCV core
proteins or HPV8 early proteins with either AID wild-type or
knockout mice. Our results indicated that AID was expressed
in neither hepatocytes of HCV-Tg nor skin tissue of HPV8-Tg.
Thus, AID was not shown to be required for the development
of both HCV- and HPV8-promoted tumorigenesis. We could
not conclude that the frequency of the liver malignancy is sta-
tistically different between HCV(+)AID** (4 out of 21 mice)
and HCV(+)AID-- (2 out of 21 mice), partly because the fre-
quency of the liver malignancy was unexpectedly lower than
that in the original report (13). Studies on 5 times the number
of mice may allow us to obtain statistically significant conclu-
sions about the frequency of the liver malignancy between
HCV(+)AID** and HCV(+)AID-- mice. We note, however,
that the HCV(+)AID** mice exhibited higher levels of TNF-a
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Fig. 5. Cutaneous papilloma in HPV8(+)AID-~ and HPV8(+)AID** mice. (A) Representative results of the RT-PCR analysis of AID mRNA in skin
tumors of HPV8(+)AID-- (cases 1, 2, 3) and HPV8(+)AID** (cases 4, 5, 6) littermates, and a positive control (naive spleens of HPV8(+)AID**
mice). The data shown are representative of three independent experiments (n = 9 for each group). (B) Representative results of western blots
detecting AID protein in lysates of skin tumors from HPV8(+)AID** mice. The negative control was skin tissue from HPV8-Tg negative AlD-,
and the positive control was a lysate of spleen cells from HPV8(+)AID** mice that was cultured with LPS and IL-4 for 3 days. The arrowhead
shows the specific band of AID protein. (C) Papilloma frequency after birth in HPV8(+)AID~- and HPV8(+)AID** mice. (D) H&E staining of skin

tissues from HPV8(+)AID** and HPV8(+)AID-- mice.

production with more severe histological phenotypes than the
HCV(+)AID-"- mice.

AlD is reported to be expressed in HCC and in the sur-
rounding non-cancerous liver tissues (6, 7). In addition, the
hepatoma-derived cell lines HepG2, Hep3B and Huh-7 have
all been shown to express AID in response to HCV core
protein-induced NF-xB signaling (9). It therefore has been
assumed that AID is induced in HCV-Tg mice and contrib-
utes to liver carcinogenesis. However, AlD expression was
not detected in HCV core protein-positive hepatocytes, and
the low levels of AID transcripts in liver tissues were attrib-
utable to infiltrating B cells in this study. The different AID
expression levels observed in the present mouse model
and HCV-infected patients could be due in part to patho-
genic differences between the two systems. HCV-Tg mice
lack cirrhotic changes (12, 13), which may be involved in
inducing AID expression. In contrast, the natural course of
human HCV infection leads to chronic hepatitis develop-
ment, with bile duct damage and steatosis in the majority
of patients (24), and the failure of virus eradication leads to
liver cirrhosis and/or HCC (25). In human cases, 80-90% of
the HCC develops from cirrhotic liver tissues (21), indicating
that chronic inflammatory reactions generally contribute to
carcinogenesis.

The involvement of B and T cells in liver injury via auto-
immune antibody may be a possible reason for the strong
inflammatory response in some part of natural HCV infection
cases (26-28). CD81, an HCV-binding molecule, is expressed
on the surface of B and T cells and both type of lymphocyte
may be infected by HCV (28, 29). HCV infection of B cells
causes the development of non-organ-specific auto-antibod-
ies (NOSAs) and cryoglobulinemia (26, 30). In the various
NOSAs, some antibodies add auto-antibody-mediated liver
injury to viral hepatitis (30). For example, anti-liver/kidney
microsomal antibody type 1 (LKM1) and anti-smooth mus-
cle antibody (SMA) are also found in autoimmune hepatitis,
and anti-microsomal antibody (AMA) is closely related to pri-
mary biliary cirrhosis (31). These liver-targeting antibodies of
NOSAs are proposed to be produced based on the mimicry
of autoantigens by HCV polyproteins including NS3, 4 and 5
in addition to core proteins (32). In the current HCV-Tg mouse
model, auto-antibody-dependent liver injury is less likely
because only the core of the HCV polyprotein is expressed
and HCV infection in B cells is absent. The absence of this
extra-hepatic complication partly explains the reasons why
the inflammation is weak in this study compared to natural
HCV infection and why AID is not expressed in the hepato-
cytes of HCV-Tg mouse.
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The discrepancy of AID expression between the current
animal study and the natural HCV infection could be also
due to different regulation of AID expression between mouse
and human hepatocytes. The transcriptional regulation of AID
expression in B lymphocytes has been extensively examined
both in vitro and in vivo and shown to depend on B-cell-
specific and environmental stimulus-specific factors (33). The
latter include Stat6 and NF-xb, which are activated by viral
infection. AID was activated by transfected HCV core protein
responding to the NF-kB signaling pathway (9) in human cell
lines; however, NF-xB is not activated in the current HCV-Tg
model whereas the upstream TNF-a signal is increased (23).
Although the difference in the AID promoter between human
and mice is not known, we cannot totally exclude this possi-
bility to explain the different AID expression response.

Although HCV-Tg had weaker inflammatory responses than
natural HCV infection, the inflammation observed in HCV(+)
AID** mice tended to be more severe than that in HCV(+)
AID-mice. The HCV core protein expression induced infiltra-
tion of IHICs including T, B and probably NK cells, and AID**
B cells enhanced TNF-a production more than AID-~ B cells.
The mechanism of TNF-a up-regulation by AID is unknown;
however, higher levels of TNF-a production are likely to
affect the pathogenesis or prognosis. TNF-a and IL-18 were
increased in the whole liver lysates of 16-month-old HCV-Tg
mice, as previously reported (23). Clinically, increased TNF-o.
production from liver-infiltrating monocytes in Non-A, Non-B
hepatitis has also been reported (34). Furthermore, TNF-a
was shown to activate the AP-1 pathway (23), which pro-
motes cell proliferation (35).

The HCC development without severe ‘cirrhotic’ findings
may be due to carcinogenic properties associated with the
HCV core protein, including suppression of apoptosis (by
interacting with p53 and pRb), promotion of proliferation (by
up-regulating the Wnt/b-catenin and Raf/MAPK pathways)
and induction of reactive oxygen species (10, 36).

Stat3 is essential for HPV8-induced skin carcinogenesis
(37). The Staté and Stat3 DNA recognition motifs are not
completely identical, but share partial homology (38). We
suspected that HPV8 induces AID through Stat and NF-xB
signaling pathways and examined AID’s involvement in the
HPV8-Tg mouse model. Contrary to our expectation, AID
expression was not induced in the HPV8-Tg mouse model,
which developed papilloma at a frequency of 30%. Since we
observed these mice only up to 6 months before SCC devel-
opment, we cannot rule out the possibility that AlD in the skin
squamous cells is induced later to convert papilloma to SCC.

In conclusion, our results suggest that AID may not be
essential for either HCV-induced liver carcinogenesis or
HPV8-induced papillomagenesis. We were unable to detect
AID expression in transgenic cells expressing viral oncogenic
proteins in either model, contrary to expectations. These
results indicate that the expression of AID is strictly regulated
in both hepatocytes and cutaneous keratinocytes at least in
the mouse models used here.

Supplementary data

Supplementary data are available at Infernational Immunology
Online.
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RAPID COMMUNICATION

Daclatasvir Plus Asunaprevir for Chronic HCV
Genotype 1b Infection

Hiromitsu Kumada,' Yoshiyuki Suzuki," Kenji Tkeda," Joji Toyota, Yoshiyasu Karino,” Kazuaki Chayama,’
Yoshiiku Kawakami,® Akio Ido,* Kazuhide Yamamoto,” Koichi Takaguchi,® Namiki Izumi,’ Kazuhiko Koike,®
Tetsuo Takehara,” Norifumi Kawada,'® Michio Sata,'' Hidetaka Miyagoshi,'* Timothy Eley,'® Fiona McPhee,'?
Andrew Damokosh,"® Hiroki Ishikawa,'” and Eric Hughes'

All-oral combinations of direct-acting antivirals may improve efficacy and safety out-
comes for patients with hepatitis C virus (HCV) infection, particularly those who are
poor candidates for current interferon/ribavirin-based regimens. In this open-label,
phase 3 study, 135 interferon-ineligible/intolerant and 87 nonresponder patients with
chronic HCV genotype 1b infection were enrolled at 24 centers in Japan. Patients
received daclatasvir 60 mg once daily plus asunaprevir 100 mg twice daily for 24 weeks.
The primary endpoint was sustained virologic response 24 weeks after treatment
(SVR,y4). This study is registered with Clinical Trials.gov (NCT01497834). SVR,4 was
achieved by 87.4% of interferon-ineligible/intolerant patients and 80.5% of nonres-
ponder (null and partial) patients; rates were similar in cirrhosis (90.9%) and noncir-
rhosis (84.0%) patients, and in patients with IL28B CC (84.5%) or non-CC (84.8%)
genotypes. Fourteen patients in each group (12.6%) discontinued dual therapy, mainly
due to adverse events or lack of efficacy. Nine nonresponder patients received additional
treatment with peginterferon/ribavirin per protocol-defined criteria. The rate of serious
adverse events was low (5.9%) and varied among patients. The most common adverse
events were nasopharyngitis, increased alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), headache, diarrhea, and pyrexia. Conclusion: Interferon-free,
ribavirin-free all-oral therapy with daclatasvir and asunaprevir for 24 weeks is well toler-
ated and can achieve a high rate of SVR in patients with HCV genotype 1b who were
ineligible, intolerant, or had not responded to prior interferon-based therapy.
(HeraTorogy 2014;59:2083-2091)

reatment of chronic hepatitis C virus (HCV)

infection typically includes

interferon-based therapy plus ribavirin, with or
without a direct-acting antiviral. The efficacy and tol-
erability of these regimens are not ideal, and there
remains a large number of patients for whom these
treatments are not acceptable or viable. The addition
of direct-acting antivirals can improve treatment out-
comes for patients infected with chronic HCV. When
combined with peginterferon and ribavirin, the HCV
protease inhibitors telaprevir, boceprevir, or simeprevir

a regimen of

achieved overall sustained virologic response (SVR)
rates ranging from 68% to 89% in treatment-naive
patients with HCV genotype 1 infection.' Patients
with no response to previous peginterferon/ribavirin
therapy did not respond as well to this combined regi-
men, with rates of SVR ranging from 34% to 52%.%”
In Japan, patients chronically infected with HCV are
older and predominantly infected with HCV genotype
1, both factors which impact response to therapy.® For
Japanese patients who had no prior response to treat-
ment with peginterferon/ribavirin, telaprevir or

Abbreviations: HCV, heparitis C virus; LLOQ, lower limit of quantitation; NS, nonstructural; SVR, sustained virologic response; TD, target detected; TND, tar-

get not detected.
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simeprevir plus peginterferon and ribavirin provided
SVR rates of only 34% or 38-51%, respectively.”” The
array of adverse events associated with peginterferon
and ribavirin is well known; incremental toxicities asso-
clated with the addition of telaprevir to peginterferon
and ribavirin included anemia, skin disorders and
severe rash, and gastrointestinal-related disorders, while
the addition of simeprevir is associated with hyperbilir-
ubinemia due to inhibition of hepatic bilirubin trans-
porters.” For patients who cannot tolerate or are not
eligible for treatment with interferon-based therapy
because of coexisting morbidities, treatment options are
few to none. Clearly, the current treatment options are
not adequate and an urgent unmet need remains for
better treatment regimens for these patient populations.

Daclatasvir is a first-in-class, NS5A replication com-
plex inhibitor with potent pan-genotypic antiviral
activity in vitro (HCV genotypes 1-6).° Asunaprevir is
a potent, selective NS3 protease inhibitor with antivi-
ral activity against HCV genotypes 1, 4, 5, and 6 in
vitro.” Both daclatasvir and asunaprevir have demon-
strated robust antiviral activity, with no clinically
meaningful ~ pharmacokinetic interactions between
them when coadministered.™'*"" Preliminary phase 2
studies showed potent antiviral effects using daclatasvir
and asunaprevir as an all-oral therapy and in combina-
tion with a regimen of peginterferon/ribavirin in
patients infected with HCV genotype 1 who had not
responded to prior therapy. >'? We evaluated the
safety and antiviral activity of interferon-free, ribavirin-
free, all-oral therapy with daclatasvir and asunaprevir
in a phase 3 trial involving Japanese patients infected
with HCV genotype 1b who are interferon-ineligible/
intolerant or nonresponders (null and partial) to
interferon-based therapies.

Materials and Methods

Patients. A rotal of 259 patients were enrolled at
24 centers in Japan from January 5 2012 to March 30
2012. Eligible patients were men and women, 20 to 75

HEPATOLOGY, June 2014

years of age, with chronic HCV genotype 1b infection,
an HCV RNA level of 10 TU/mL or higher, with a
body-mass index of 16 to 35 kg/m®, and, in up to 10%
of enrolled patients, evidence of compensated cirrhosis
(Child-Pugh A), as documented either by liver biogsy
or discriminated by a previously described algorithm. '

Key exclusion criteria included evidence of hepato-
cellular carcinoma, coinfection with hepatitis B virus
or human immunodeficiency virus, or previous expo-
sure to inhibitors of NS5A or NS3 protease. Patients
with alanine aminotransferase (ALT) of more than 5
times the upper limit of normal range, total bilirubin
of 2 mg/dLL or higher, an international normalized
ratio of 1.7 or higher, an albumin level 3.5 g/dL or
below, and a platelet count of less than 50,000/mm”
were also excluded.

Patients ineligible for interferon-based therapy, but
potentially eligible for enrolment in this study, were
treatment-naive and considered poor candidates for
interferon-based therapy because of medical complica-
tions including anemia, neutropenia, thrombocytope-
nia, depression, advanced age (>65 years), or other
conditions deemed not suitable for interferon-based
therapy by the investigator, including hypertension,
diabetes mellitus, autoimmune disease, and abnormal
thyroid function. Patients intolerant to interferon-
based therapy had received interferon-based therapy
for less than 12 weeks and previously discontinued
from therapy due to toxicities associated with inter-
feron or ribavirin. Patients who were null or partial
responders to previous peginterferon/ribavirin or inter-
feron-beta/ribavirin therapy were defined as never hav-
ing attained an undetectable HCV RNA level after at
least 12 weeks of therapy. Null responders included
patients who never attained at least a 2-log;o decrease
from baseline in HCV RNA levels at week 12, and
partial responders never achieved undetectable HCV
RNA levels after 12 weeks of therapy.

Study Design. In this open-label, phase 3 study of

two patient cohorts, interferon-ineligible/intolerant and
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nonresponder patients received daclatasvir and asunapre-
vir for 24 weeks. Patents were followed for an addidonal
24 weeks after treatment. Daclatasvir was administered
orally at a dose of 60 mg once daily, and asunaprevir was
administered orally at a dose of 100 mg twice daily. Host
IL28B genotype was assayed for the 1s12979860 single-
nucleotide polymorphism by Monogram Biosciences using
a real-time polymerase chain reaction (PCR) assay.

Nonresponder patients who met futility criteria,
defined as an increase in viral load of at least 1 logq or
confirmed detectable HCV RNA of at least 15 IU/mL
on or after week 8, were eligible for addition of pegin-
terferon-alpha/ribavirin  to continued teatment with
daclatasvir and asunaprevir for an additional 24 weeks at
the discretion of the investigator. Interferon-ineligible/
intolerant patients were not candidates for interferon-
based therapy; therefore, daclatasvir/asunaprevir dual
therapy was stopped if futility criteria were met.

Study Owversight. This study was approved by the
Institutional Review Board at each participating site and
was conducted in compliance with the Declaration of
Helsinki, Good Clinical Practice guidelines, and local
regulatory requirements. All patients provided written
informed consent.

Efficacy Assessments. HCV RNA levels were meas-
ured using the Roche COBAS Tagman test with a lower
and an upper limit of quantitation of 15 IU/mL and 6.9
X 107 TU/mL, respectively. HCV RNA was measured at
screening and at day 1, weeks 1, 2, 4, 6, 8, 10, 12, 16,
20, and 24, and posttreatment at weeks 4, 8, 12, and 24.

Resistance Testing. Patient-derived HCV NS5A
and NS3/4A  sequence populations were PCR-
amplified and sequenced. Patient samples selected for
sequencing included all baseline samples and samples
from patients with virologic failure.

Safety Assessments. Safety evaluations included
reported adverse events and serious adverse events,
clinical laboratory tests, physical examinations, and
electrocardiograms.

Endpoints. The primary efficacy endpoint was the
proportion of patients with HCV RNA <15 IU/mL
(target detected [TD] or target not detected [TND])
at 24 weeks after completion of daclatasvir and asu-
naprevir treatment, including patients who discontin-
ued treatment early. Key secondary endpoints included
the proportion of patients with undetectable HCV
RNA (TND) at weeks 4 and 12, at the end of treat-
ment, and HCV RNA <15 IU/mL (TD or TND) at
12 weeks after the end of treatment. Safety endpoints
included the frequency of serious adverse events,
adverse events, discontinuations due to adverse events,
and laboratory abnormalities.

KUMADA ET AL. 2085

Statistical Analysis. Analyses included all patients
who received at least one dose of study medications.
For virologic response, 2-sided 95% confidence inter-
vals were calculated based on the normal approxima-
tion to the binomial distribution. Categorical variables
were summarized using counts and percents. Continu-
ous variables were summarized with univariate statis-
tics. Patients with missing data or those who received
additional peginterferon/ribavirin therapy were consid-
ered failures.

Role of the Funding Source. The study was
designed and conducted by the sponsor (Bristol-Myers
Squibb/Bristol-Myers KK) in collaboration with the
principal investigators. The sponsor collected the data,
monitored the study conduct, and performed the sta-
tistical analyses. All authors had access to the data and
assume responsibility for the accuracy, integrity, and
completeness of the reported data and for the fidelity
of this report to the trial protocol. The article was pre-
pared by authors employed by Bristol-Myers Squibb,
with input from all authors and the assistance of a
medical writer employed by Bristol-Myers Squibb. All
authors made the decision to submit the article for
publication.

Results

Patients. In all, 222 patients received treatment,
135 in the interferon-ineligible/intolerant group (100
medically ineligible for interferon, 35 intolerant to
interferon) and 87 in the nonresponder group (48 null
responders, 36 partial responders, 3 undetermined)
(Fig. 1). Demographic baseline characteristics of
patients are shown in Table 1. As expected, when com-
pared with reported demographics from U.S. and
European studies, patients were older and a larger pro-
portion were female. Similar to the global population,
however, there were more patients with /L28B CC
genotype in the interferon-ineligible/intolerant popula-
tion (69.6%) and more patients with /L28B non-CC
genotype in the nonresponder population (81.6%).
Opverall, the rate of discontinuations from dual therapy
was low (12.6%; 14 patients in each group), and was
due primarily to adverse events (nine patients [6.7%)]
in the interferon-ineligible/intolerant group, two
patients [2.3%] in the nonresponder group) and lack
of efficacy (four patients [3.0%)] in the interferon-ineli-
gible/intolerant group, 11 patients [12.6%] in the
nonresponder group).

Virologic Response. HCV RNA levels declined
rapidly after initiation of treatment in both groups

(Fig. 2). At week 2, the mean decrease in HCV RNA
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Table 1. Demographic and Baseline Characteristics of Patients and Their Disease

Characteristic Interferon-Ineligible/Intolerant n = 135 Nonresponder n = 87 Total N = 222
Age, years
- Median 64.0 60.0 62.5
- Range 24-75 42-74 24-75
- >65 years, n (%) 62 (45.9) 27 (31.0) 89 (40.1)
Male sex, n (%) 38 (28.1) 39 (44.8) 77 (34.7)
IL28B rs12979860 genotype, n (%)
- CC 94 (69.6) 16 (18.4) 110 (49.5)
-CT 40 (29.6) 66 (75.9) 106 (47.7)
=TT 1(0.7) 5 (5.7) 6 (2.7)
HCV RNA
- Mean log;o WU/mL = SD 6.6 = 0.58 6.8 = 0.47 6.6 * 0.55
- >800,000 1U/mL, n (%) 109 (80.7) 80 (92.0) 189 (85.1)
Cirrhosis, n (%) 11 (8.1) 11 (12.6) 22 (9.9)
Response to prior therapy (nonresponders), n (%)
- Null NA 48 (55.2) 48 (21.6)
- Partial NA 36 (41.4) 36 (16.2)
- Other NA 3 (3.4)* 3 (1.4)
Premedical status (interferon-ineligible/intolerant), n (%)
- Ineligible-naive 100 (74.1) NA 100 (45.0)
e Depression 10 (10.0) NA 10 (10.0)
e Anemia/neutropenia/thrombocytopenia 44 (44.0) NA 44 (44.0)
e Other complications requiring medications’ 34 (34.0) NA 34 (34.0)
e Advanced age 12 (12.0) NA 12 (12.0)
- Intolerant 35 (25.9) NA 35 (15.8)

*Three patients had insufficient data to be classified as partial or null nonresponders.
TOther complications included hypertension, diabetes mellitus, autoimmune disease, abnormal thyroid function, insomnia, stroke, and psychological.

NA = not applicable.

from baseline was 5.2 log;o IU/mL. Overall, 167/222
patients (75.2%) had undetectable HCV RNA at week
4 during treatment, and 202 patients (91.0%) had
undetectable HCV RNA at week 12 on treatment. At
12 weeks after the end of treatment period, 119
(88.1%) interferon-ineligible/intolerant  and 70
(80.5%) nonresponder patients had achieved SVR;y;
by 24 weeks after the end of treatment 118 (87.4%)
interferon-ineligible/intolerant and 70 (80.5%) nonres-
ponder patients had achieved SVR,4 (Table 2).
Patients with cirrhosis also achieved high rates of
SVR,4 (20722, 90.9%). When analyzed by /L28B
genotype, the response rates were similar for patients
with /L28B CC genotype (84.5%) and /L28B non-CC
genotypes (84.8%) (Table 2). Other baseline factors
including gender, age, and baseline HCV RNA, did
not appear to impact response rates (Table 2).
Virologic Failure. Thirty-four (15.3%) patients
(17 each in the interferon-ineligible/intolerant group
and nonresponder group) were considered virologic
failures. Of patients with undetectable HCV RNA at
the end of treatment, 11/129 (8.5%) interferon-ineli-
gible/intolerant patients experienced viral relapse dur-
ing posttreatment follow-up. Six of 76 patients (7.9%)
in the nonresponder group with undetectable HCV
RNA at the end of treatment had viral relapse. Two
patients in the interferon-ineligible/intolerant group

and one patient in the nonresponder group had detect-
able HCV RNA at the end of treatment. Virologic
breakthrough occurred in 4 (3.0%) interferon-ineli-
gible/intolerant patients and in 10 (11.5%) nonres-
ponder patients. At the discretion of the investigators,
9 of the 10 nonresponder patients with virologic
breakthrough had additional treatment with peginter-
feron/ribavirin according to protocol-defined criteria;
all nine patients were declared treatment failures in the
analysis of the primary endpoint. One of the nine
patients who received additional peginterferon/ribavirin
responded to treatment with no detectable HCV RNA
at follow-up week 24, two patients had HCV RNA
detectable at end of treatment, and six patients
relapsed.

Of the 34 patients with virologic failure, 29 had
resistance-associated substitutions to both daclatasvir
(predominantly NS5A-L31M/V-Y93H) and asunapre-
vir (predominantly NS3-D168 variants) detected at
failure. Twenty-two patients with virologic failure had
NS5A polymorphisms L31M/V and/or Y93H prior to
treatment (Supporting Table 1).

We also investigated the influence of pretreatment
resistance-associated variants on efficacy in this study.
Pretreatment L31M, Y93H, or linked L31V+Y93H
NS5A polymorphisms were detected in 7, 29, and 1
of the 214 patients with available baseline NS5A
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Fig. 1. Patient disposition.

sequences, respectively. Of the 37 patients with
L31M/V and/or Y93H at baseline, 11/23 interferon-
ineligible/intolerant patients and 4/14 nonresponder
patients achieved SVR. The primary asunaprevir
resistance-associated variant, NS3-D168E, was pres-
ent in 2/221 patients with available baseline NS3
sequences; neither of these patients had concomitant
NS5A resistance-associated variants. One of these
patients  achieved SVR; the other relapsed
posttreatment.

In comparison with patients who achieved SVR,
patients with virologic failure were more likely to have
daclatasvir and asunaprevir trough concentrations
below their respective median values but within the
expected range (Supporting Fig. 1). Most patients with
trough concentrations below median values achieved
SVR. Treatment compliance, assessed by pill counts
and interviews at each study visit, was 83.9% in prior
nonresponders and 88.9% in interferon-ineligible/
intolerant patients. Across both cohorts, patients with
>95% compliance in dose and duration of treatment

had an SVR,4 rate of 92.7% (179/193), compared
with a 31.0% (9/29) SVRy4 rate in patients who were
<95% compliant (15 out of the 29 patients were dis-
continued due to the lack of efficacy).

Safery. A total of 194 patients (87.4%) completed
24 weeks of therapy, 121 (89.6%) in the interferon-
ineligible/intolerant group and 73 (83.9%) in the non-
responder group. No deaths occurred during the study
period. Eleven patients (5.0%) discontinued after 4 to
23 weeks of treatment; 10 discontinued due to ALT
and aspartate aminotransferase (AST) elevations and
one patient discontinued due to myasthenia gravis,
with subsequent detection of preexisting myasthenia
gravis-related antibodies.

The most common adverse events were nasopharyngitis,
increased ALT and AST, headache, diarrhea, and pyrexia
(Table 3). Serious adverse events were reported in 13
(5.9%) patients during treatment. In nine (6.7%) inter-
feron-ineligible/intolerant patients, these events included
periarthritis, schizoaffective disorder, myasthenia gravis,
myocardial infarction, pyrexia, appendicitis, pyelonephritis,
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