was performed using a PrimeScript
High Fidelity RT-PCR kit (Takara Bio,
Shiga, PCR

reactions were performed using an

Japan); subsequent

RNA-LAPCR kit (Takara Bio)
according to the manufacturer’s
instructions. B-Actin served as the

internal control. The number of PCR
cycles was set at 35 for Ad-KGF and at
25 for PB-actin. The forward and
reverse primer sequences for Ad-KGF
and B-actin are listed in Table EI.
Densitometry scanning was performed

using NIH Image software (National
Institute of Health, Rockville, MD).

Real-time PCR

Total RNA (to 100 ng) was transcribed
I

(Invitrogen)

using  Superscript reverse

transcriptase and

oligo-(dT).
performed on a Thermal Cycler Dice
(Takara Bio) using SYBR Green I as a
double-strand DNA-specific
continuous

PCR amplification was

binding
fluorescence

to the
instructions. The
forward and reverse primer sequences
for each mRNA are listed in Table E2.
the
standard. The levels of expression of
each mRNA and their estimated
crossing points

dye and

monitoring according

manufacturer’s

B-Actin was used as assay

were determined

relative to the standard preparation

the Thermal Dice
computer software Bio).

Cycler
(Takara

using
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Expression data were normalized

based on the expression levels of
B-actin mRNA.

Western blotting for transforming
growth factor (TGF)-f1 and SP-D

One lobe of the right lung was
homogenized with an elution buffer
containing 20 mM HEPES, pH 7.6, 20
mM NaCl, 0.5 mM EDTA, and 10%
Standardized
quantities of proteins were loaded onto
SDS-PAGE
electrophoretically onto nitrocellulose

glycerol on ice.

gel and transferred
membranes. After the membranes
were blocked with 0.5% skim milk in
phosphate-buffered saline/0.1% Tween
20 (PBS-T), they were incubated with
diluted primary antibody in PBS-T
containing 0.5% skim milk for 1 h.
The dilutions of primary antibodies
were 1:2000 for TGF-B1, 1:2000 for
SP-D, and 1:10000 for B-actin. Primary
antibodies of TGF-p1 and SP-D were
obtained from Santa Cruz Technology.

The membranes were washed three

times in PBS-T for 15 min and
incubated for 30 min with
peroxidase-conjugated IgG. After

membranes were washed three times
in PBS-T for 15 min, specific signals
were visualized using an ECL system
(GE  Healthcare Life  Science,
Amersham, UK) and blots
exposed on X-ray films.

were
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Statistics

Data are reported as means and SEM
of

multiple groups were made with a

for each group. Comparisons

References

Tukey-Kramer post hoc test after
of (ANOVA).
Survival rates are shown on the basis

analysis variance
of Kaplan-Meier product limit curves,
and the groups were compared by log
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significant.
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Tables

Table E1. Primer sequences for RT"-PCR

Gene Forward primer Reverse primer
B-actin 5-GGCCAACCGTGAAAAGATGAC 5-ATTGCCGATAGTGATGACCTG
Ad-mKGF 5-GACCCAGGAGATGAAGAA 5-CTAGACTAGTTTAATTAA

Ad-mKGF, adenovirus vector for murine keratinocyte growth factor

Table E2. Primer sequences for SYBR-green-based real-time PCR

Gene Forward primer Reverse primer

B-actin 5-CATCCGTAAAGACCTCTATGCCAAC  5-ATGGAGCCACCGATCCACA

KGF 5-TGGTACCTGAGGATTGACAAACGA  5-CCTTTGATTGCCACAATTCCAAC
SP-A 5-CTCGGAGGCAGACATCCACA 5-TGATGCCAGCAACAACAGTCAA
SP-B 5-GAGTGTGCACAAGGCCCTCA 5-CCTCACACTCTTGGCACAGGTC
SP-C 5-CATCATGAAGATGGCTCCAGAGA 5-ACACAGGGTGCTCACAGCAAG
SP-D 5- CCTCAAGGCAAACCAGGTCCTA 5-TGCATGCCAGGAGCACCTAC

Col 1a 5-CAGGGTATTGCTGGACAACGTG 5-GGACCTTGTTTGCCAGGTTCA

Col 3a 5-CCACGTAAGCACTGGTGGACA 5-GCCAGCTGCACATCAACGA

KGF, keratinocyte growth factor; SP, surfactant protein; Col, collagen
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Figure Legends

Figure E1. Representative microphotographs of bleomycin-induced subpleural

inflammation in the saline (A), 1wl (B), and KGF (C) groups 2 weeks after
bleomycin administration and 1 week after saline, Ad-1w1, or Ad-KGF instillation,
respectively. Intra-alveolar inflammatory cell infiltration was not considerably
different among the three groups (hematoxylin and eosin stain). Black bars, 100

mm.
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LYMPHOID NEOPLASIA

Persistent expression of the full genome of hepatitis C virus in B cells induces

spontaneous development of B-cell lymphomas in vivo

*Yuri Kasama, *Satoshi Sekiguchi,2 Makoto Saito,! Kousuke Tanaka,' Masaaki Satoh," Kazuhiko Kuwahara,?
Nobuo Sakaguchi,? Motohiro Takeya, Yoichi Hiasa,® Michinori Kohara,? and Kyoko Tsukiyama-Kohara'

Department of Experimental Phylaxiology, Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan; 2Department of Microbiology and Cell Biology,
Tokyo Metropolitan Institute of Medical Science, Tokyo, Japan; Department of Immunology, Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan;
4Department of Cell Pathology, Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan; and *Department of Gastroenterology and Metabology,
Ehime University Graduate School of Medicine, To-on, Ehime, Japan

Extrahepatic manifestations of hepatitis C
virus (HCV) infection occur in 40%-70% of
HCV-infected patients. B-cell non-Hodgkin
lymphoma is a typical extrahepatic manifes-
tation frequently associated with HCV infec-
tion. The mechanism by which HCV infec-
tion of B cells leads to lymphoma remains
unclear. Here we established HCV trans-
genic mice that express the full HCV ge-
nome in B cells (RzCD19Cre mice) and
observed a 25.0% incidence of diffuse
large B-cell non-Hodgkin lymphomas

(22.2% in males and 29.6% in females)
within 600 days after birth. Expression
levels of aspartate aminotransferase and
alanine aminotransferase, as well as
32 different cytokines, chemokines and
growth factors, were examined. The inci-
dence of B-cell lymphoma was signifi-
cantly correlated with only the level of
soluble interleukin-2 receptor a subunit
(sIL-2Rca) in RzCD19Cre mouse serum. All
RzCD19Cre mice with substantially el-
evated serum slL-2Ra levels (> 1000 pg/

mL) developed B-cell lymphomas. More-
over, compared with tissues from control
animals, the B-cell lymphoma tissues of
RzCD19Cre mice expressed significantly
higher levels of IL-2Ra. We show that the
expression of HCV in B cells promotes
non-Hodgkin-type diffuse B-cell lym-
phoma, and therefore, the RzCD19Cre
mouse is a powerful model to study the
mechanisms related to the development
of HCV-associated B-cell lymphoma.
(Blood. 2010;116(23):4926-4933)

Introduction

More than 175 million people worldwide are infected with hepatitis
C virus (HCV), a positive-strand RNA virus that infects both
hepatocytes and peripheral blood mononuclear cells.! Chronic
HCV infection may lead to hepatitis, liver cirrhosis, hepatocellular
carcinomas®? and lymphoproliferative diseases such as B-cell
non-Hodgkin lymphoma and mixed-cryoglobulinemia.!*¢ B-cell
non-Hodgkin lymphoma is a typical extrahepatic manifestation
frequently associated with HCV infection” with geographic and
ethnic variability.®® Based on a meta-analysis, the prevalence of
HCV infection in patients with B-cell non-Hodgkin lymphoma is
approximately 15%.% The HCV envelope protein E2 binds human
CD81,'0 a tetraspanin expressed on various cell types including
lymphocytes, and activates B-cell proliferation'!; however, the
precise mechanism of disease onset remains unclear. We previously
developed a transgenic mouse model that conditionally expresses
HCV cDNA (nucleotides 294-3435), including the viral genes that
encode the core, E1, E2, and NS2 proteins, using the Cre/loxP
system (in core~NS2 [CN2] mice).!>!* The conditional transgene
activation of the HCV ¢cDNA (core, El, E2, and NS2) protects mice
from Fas-mediated lethal acute liver failure by inhibiting cyto-
chrome ¢ release from mitochondria.'’> In HCV-infected mice,
persistent HCV protein expression is established by targeted
disruption of irf-1, and high incidences of lymphoproliferative
disorders are found in CN2 irf-1~/~ mice.' Infection and replica-
tion of HCV also occur in B cells,!>19 although the direct effects,

particularly in vivo, of HCV infection on B cells have not been
clarified.

To define the direct effect of HCV infection on B cells in vivo,
we crossed transgenic mice with an integrated full-length HCV
genome (Rz) under the conditional Cre/loxP expression system
with mice expressing the Cre enzyme under transcriptional control
of the B lineage-restricted gene CD19,'7 we addressed the effects
of HCV transgene expression in this study.

Methods

Animal experiments

Wild-type (WT), Rz, CD19Cre, RzCD19Cre mice (129/sv, BALB/c, and
C57BL/6J mixed background), and MxCre/CN2-29 mice (C57BL/6J
background) were maintained in conventional animal housing under
specific pathogen-free conditions. All animal experiments were performed
according to the guidelines of the Tokyo Metropolitan Institute of Medical
Science or the Kumamoto University Subcommittee for Laboratory Animal
Care. The protocol was approved by the Institutional Review Boards of
both facilities.

Measurements of HCV protein and RNA

Mice were anesthetized and bled, and tissues (spleen, lymph nodes, liver,
and tumors) were homogenized in lysis buffer (1% sodium dodecyl sulfate;
0.5% (wt/vol) nonyl phenoxypolyethoxylethanol; 0.15M NaCl; 10 mM
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tris(hydroxymethyl)aminomethane, pH 7.4) using a Dounce homogenizer.
The concentration of HCV core protein in tissue lysates was measured using
an HCV antigen enzyme-linked immunosorbent assay (ELISA; Ortho).!8
HCV mRNA was isolated by a guanidine thiocyanate protocol using
ISOGEN (Nippon Gene) and was detected by reverse transcription
polymerase chain reaction (RT-PCR) amplification using primers specific
for the 5" untranslated region of the HCR6 sequence.'?" Reverse transcrip-
tion was performed using Superscript III reverse transcriptase (Invitrogen)
with random primers. PCR primers NCR-F (5'-TTCACGCA-
GAAAGCGTCTAGCCAT-3") and NCR-R (5'-TCGTCCTGGCAATTCCG-
GTGTACT-3') were used for the first round of HCV ¢DNA amplification,
and the resulting product was used as a template for a second round of
amplification using primers NCR-F INNER (5'-TTCCGCAGACCACTAT-
GGCT-3") and NCR-R INNER (5'-TTCCGCAGACCACTATGGCT-3').

Collection of serum for chemokine ELISA

Blood samples were collected from the supraorbital veins or by heart
puncture of killed mice. Blood samples were centrifuged at 10 000g for 15
minutes at 4°C to isolate the serum.?! Serum concentrations of interleukin
(IL)-la, IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-12(p40),
IL-12(p70), IL-13, IL-17, Eotaxin, granulocyte colony-stimulating factor
(CSF), granulocyte-macrophage—CSF, interferon (IFN)—y, keratinocyte-
derived chemokine (KC), monocyte chemotactic protein-1, macrophage
inflammatory protein (MIP)-la, MIP-1B, Regulated upon Activation,
Normal T-cell Expressed, and Secreted, tumor necrosis factor-a, IL-15,
fibroblast growth factor-basic, leukemia inhibitory factor, macrophage-
CSF, human monokine induced by gamma interferon, MIP-2, platelet-
derived growth factorf3, and vascular endothelial growth factor were
measured using the Bio-Plex Pro assay (Bio-Rad). Serum soluble IL-2
receptor a (sIL-2Ra) concentrations were determined by ELISA (DuoSet
ELISA Development System; R&D Systems). Serum aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) activities were deter-
mined using a commercially available kit (Transaminase CII test; Wako
Pure Chemical Industries).

Histology and immunohistochemical staining

Mouse tissues were fixed with 4% formaldehyde (Mildform 10 N; Wako
Pure Chemical Industries), dehydrated with an ethanol series, embedded in
paraffin, sectioned (10-pum thick) and stained with hematoxylin and eosin.
For tissue immunostaining, paraffin was removed from the sections using
xylene following the standard method,'* and sections were incubated with
anti-CD3 or anti-CD45R (Santa Cruz Biotechnology) in phosphate-
buffered saline without Ca?* and Mg2* (pH 7.4) but with 5% skim milk.
Next, the sections were incubated with biotinylated anti-rat immunoglobu-
lin (Ig)G (1:500), followed by incubation with horseradish peroxidase-
conjugated avidin-biotin complex (Dako Corp), and the color reaction was
developed using 3,3'-diaminobenzidine. Sections were observed under an
optical microscope (Carl Zeiss).

Detection of immunoglobulin gene rearrangements by PCR

Genomic DNA was isolated from tumor tissues, and PCR was performed as
described.?? In brief, PCR reaction conditions were 98°C for 3 minutes;
30 cycles at 98°C for 30 seconds, 60°C for 30 seconds, 72°C for
1.5 minutes, and 72°C for 10 minutes. Mouse Vk genes were amplified
using previously described primers.2* Amplification of mouse Vj genes was
performed using Vkcon (5'-GGCTGCAGSTTCAGTGGCAGTGGRTC-
WGGRAC-3"; R, purine; W, A or T) and Jk5 (5'-TGCCACGTCAACT-
GATAATGAGCCCTCTC-3') as described.?*

Results

Establishment of transgenic mice with B lineage—restricted
HCV gene expression

We defined the direct effect of HCV infection on B cells in vivo by
crossing transgenic mice that had an integrated full-length HCV
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genome (Rz) under the conditional Cre/loxP expression system
(Figure 1A upper schematic)'>!%5 with mice that expressed the
Cre enzyme under transcriptional control of the B lineage—
restricted gene CD19'7 (RzCD19Cre; Figure 1A lower schematic).
Expression of the HCV transgene in RzCD19Cre mice was
confirmed by ELISA (Figure 1B); a substantial level of HCV core
protein was detected in the spleen (370.9 * 10.2 pg/mg total
protein), but levels were lower in the liver (0.32 + 0.03 pg/mg) and
plasma (not detectable). RT-PCR analysis of peripheral blood
lymphocytes (PBLs) from RzCD19Cre mice indicated the presence
of HCV transcripts (Figure 1C). The weights of RzCD19Cre, Rz
(with the full HCV genome transgene alone), CD19Cre (with the
Cre gene knock-in at the CD19 gene locus) and WT mice were
measured weekly for more than 600 days post birth; there were no
significant differences between these groups (data not shown; the
total number of transgenic and WT mice was approximately 200).
The survival rate in each group was also measured for > 600 days
(Figure 1D); survival in the female RzCD19Cre group was lower
than that of the other groups.

The spontaneous development of B-cell lymphomas in the
RzCD19Cre mouse

At 600 days post birth, mice (n = 140) were killed by bleeding
under anesthesia, and tissues (spleen, lymph node, liver, and
tumors) were excised and examined by hematoxylin and eosin
staining (Figure 2A; supplemental Figure 1, available on the Blood
Web site; see the Supplemental Materials link at the top of the
online article). The incidence of B-cell lymphoma in RzCD19Cre
mice was 25.0% (22.2% in males and 29.6% in females) and was
significantly higher than the incidence in the HCV-negative groups
(Table 1). This incidence is significantly higher than those of the
other cell-type tumors developed spontaneously in all mouse
groups (supplemental Table 1). Because nodular proliferation of
CD45R-positive atypical lymphocytes was observed, lymphomas
were diagnosed as typical diffuse B-cell non-Hodgkin lymphomas
(Figure 2Aiv,vi-vii; supplemental Figure 1B,E,H,M). Mitotic cells
were also positive for CD45R (Figure 2Avi arrowheads). CD3-
positive T-lymphocytes were small and had a scattered distribution.
Intrahepatic lymphomas had the same immunophenotypic charac-
teristics as B-cell lymphomas (supplemental Figure 1K arrow-
heads, inset; IL-N, ID No. 24-4, RzCD19Cre mouse); lymphoma
tissues were markedly different compared with the control lymph
node (Figure 2Aiiii,v; ID No. 47-4, CD19Cre mouse) and liver
(supplemental Figure 1J; ID No. 24-2, Rz mouse; tissues were from
a littermate of the mice used to generate the data in supplemental
Figure 1D-I.K-N). All samples were reviewed by at least 2 expert
pathologists and classified according to World Health Organization
classification.?® Lymphomas were mostly CD45R positive and located
in the mesenteric lymph nodes (Figure 2A; supplemental Figure 1), and
some were identified as intrahepatic lymphomas (incidence, 4.2%;
supplemental Figure 1K-N). HCV gene expression was detected in all
B-cell lymphomas of RzCD19Cre mice (Figure 2B).

To examine the Ig gene configuration in the B-cell lymphomas
of the RzCD19Cre mice, genomic DNA was isolated and analyzed
by PCR. Ig gene rearrangements were identified in each case
(Figure 2C). Genomic DNA isolated from the tumors of a germinal
center—associated nuclear protein (GANP) transgenic mouse (GANP
Tg#3) yielded a predominant Jk5 PCR product (Figure 2C, Vk-Jk);
a predominant JH1 product and a minor JH2 product (supplemental
Figure 2, DH-JH) were also identified, as previously reported,?
indicating that the lymphoma cells proliferated from the transforma-
tion of an oligo B-cell clone. The B-cell lymphomas of
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Figure 1. Establishment of Rz2CD19Cre mice. (A) Schematic diagram of the transgene structure comprising the complete HCV genome (HCR6-Rz). HCV genome expression was
regulated by the Cre/loxP expression cassette (top diagram). The Cre transgene was located in the CD19 locus (bottom diagram). (B) Expression of HCV core protein in the liver, spleen,
and plasma of RzCD19Cre mice was quantified by core ELISA. Data represent the mean + SD (n = 3). (C) Detection of HCV RNAin PBLs by RT-PCR. Samples that included the RT
reaction are indicated by +, and those that did not include the RT reaction are indicated by —. (D) Survival rates of male and female RzCD19Cre mice (males, n = 45; females, n = 40), Rz
mice (males, n = 20; females, n = 19), CD19Cre mice (males, n = 16; females, n = 22), and WT mice (males, n = 5; females, n = 10).

8 RzCD19Cre mice (mouse ID Nos. 24-1, 54-1, 56-5, 69-5, 42-4,
43-4, 36-3 [data not shown] and 62-2 [data not shown]) yielded a
Jk-5 gene amplification product, and the lymphomas from 3 other
mice had the alternative gene configurations Jk-1 (mouse ID No.
31-4), Jk-2 (mouse ID No. 24-4) and Jk-3 (mouse ID No. 42-4;
Figure 2C). PCR amplification products from the genes JH4
(mouse ID Nos. 24-1, 24-4, 54-1, 43-4, 56-5, 69-5, 62-2 [data not
shown], 36-3 [data not shown]), JHI (mouse ID Nos. 31-4, 42-4)
and JH3 (mouse ID Nos. 31-4, 42-4, 56-5, 43-4, 36-3 [data not
shown]) were also detected (supplemental Figure 2). The mutation
frequencies in the Jk-1, -3 and -5 genes were the same as the
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mutation frequency in the genomic V-region gene.?? Few or no
sequence differences in the variable region were identified among
clones from which DNA was amplified. These results indicate the
possibility that tumors judged as B-cell lymphomas based on
pathology criteria were derived from the transformation of a single
germinal center of B-cell origin.

To rule out the oncogenic effect caused by a transgenic
integration into a specific genomic locus, we examined if HCV
transgene inserted into another genomic site also causes B-cell
lymphomas using another HCV transgenic mouse strain, MxCre/
CN2-29 (supplemental Figure 3). Expression of the HCV CN2
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Figure 2. Histopathologic analysis of B-cell ymphomas in RzCD19Cre mouse tissues. (A) Histologic analysis of tissues from a normal mouse (i, iii, v; CD19Cre mouse, ID
No. 47-4, male) and a B-cell lymphoma from a RzCD19Cre mouse (ii, iv, vi; ID No. 69-5, male). Paraformaldehyde-fixed and paraffin-embedded tumor tissues were stained with
hematoxylin and eosin (jii-vi) or immunostained using anti-CD45R (vii; bottom right, inset) and anti-CD3 (viii; bottom right, inset). Also shown is a macroscopic view of the
lymphoma from a mesenchymal lymph node (i, indicated by forceps), which is not visible in the normal mouse (i). Mitotic cells are indicated with arrowheads (vi). Scale bars:

PCR ampilification yielded a 123-base pair fragment of HCV cDNA (upper panel), and a second round of PCR amplification yielded a 65-base pair fragment (lower panel). The
B-actin mRNA was a control. As an additional control, the first and second rounds of amplification were performed using samples that had not been subjected to reverse
transcription. NTC, no-template control. (C) Ig gene rearrangements in the tumors of RzCD19Cre mice. Genomic DNA isolated from B-cell lymphoma tissues of RzCD19Cre
mice (ID Nos. 24-1, 24-4, 54-1, 56-5, 69-5, 31-4, 42-4, 43-4) and spleen tissues of a WT mouse (ID No. 21-2) was PCR amplified using primers specific for Vk-Jk genes.
Amplification of controls was performed using genomic DNA isolated from a GANP transgenic mouse (GANP Tg#3) and in the absence of template DNA (no-template control,

NTC). M, DNA ladder marker.

Figure 3A). HCV core proteins were detected in both normal spleen

gene (nucleotides 294-3435)!2 was induced by the Mx promoter-
(mouse ID Nos. 2, 3, 4) and intra-splenic B-cell lymphoma tissues

driven cre recombinase with poly(I:C) induction'* (supplemental
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Table 1. Lymphoma incidence in HCV-expressing and control mice

BLOOD, 2 DECEMBER 2010 « VOLUME 116, NUMBER 23

development of B-cell lymphomas in HCV transgenic mice

Incident Incident occurred similarly to RzCD19Cre mice. MxCre/CN2-29 mice also
HCV Mouse B lymphoma, Tlymphoma,  developed hepatocellular carcinomas (10%, 360 days, 17%,
expression genotype No. number (%) number (%) 480 days, 50%, 600 days after onset of HCV expression; Sekiguchi
% RzCD19Cre 72 18 (25.0) 3 (4.1) et al, submitted).
- Rz 34 1(2.9) 1(2.9) The results obtained in 2 HCV transgenic mouse strains indicate
= coigee . Ao 164.5) that the expression of the HCV gene or the proteins indeed induces
- wT 12 1(8.3) 1(8.3)

(mouse ID Nos. 5, 6, 7) of MxCre/CN2-29 mice but not in spleens
of the CN2-29 mouse (mouse ID No. 1, Figure 3B). After 12
months, the MxCre/CN2-29 mice developed B-cell lymphomas in
the spleen at a high incidence (33.3%: 3/9), whereas the CN2-29
mice did not (0/13; supplemental Figure 3C), indicating that the

the spontaneous development of B-cell lymphomas irrespective of
the integrated site in the mouse genome.

The levels of cytokines and chemokines in B-cell ymphomas
and other tumors and in tumor-free control mice

Abnormal induction of cytokine production occurs in HCV-
associated non-Hodgkin lymphomas®’?® and in patients with
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Figure 3. Analysis of serum cytokine levels using a multisuspension array system. The serum concentration levels of IL-2, IL-4, IL-6, IL-10, IL-12(p70), and IFN-y were
measured in RzCD19Cre mice with B-cell lymphomas (B), T-cell lymphomas (T), and other tumors (mammary tumor, sarcoma, and hepatocellular carcinoma) and in tumor-free
RzCD19Cre, Rz, CD19Cr,e and WT mice.
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Figure 4. Serum titers of AST, ALT and soluble IL-2Ra in transgenic and control mice lacking or harboring B-cell lymphomas. (A-B) The AST (A) and ALT (B) assays
were performed on serum samples from tumor-free control mice and the RzCD19Cre, Rz, CD19Cre and WT mice with or without B-cell lymphomas or other tumors. (C) ELISA
analysis was performed to determine the sIL-2Ra concentration in serum samples from tumor-free control mice and the RzCD19Cre, Rz, CD19Cre, and WT mice with or without B-cell
lymphomas or other tumors. (D) Concentration of soluble IL-2R« in sera from transgenic (MxCre/CN2-29 or CN2-29) mice with or without B-cell lymphomas (*P < .05).

chronic hepatitis.?>3 Therefore, we examined tumor cytokine and
chemokine levels using a multisuspension array system. The levels
of IL-2, IL-4, IL-6, IL-10, IL-12(p70), and IFN-vy (Figure 3), which
may have a link with lymphoproliferation'* or lymphoma?®3!
induced by HCV, and IL-la, IL-1B8, IL-3, IL-5, IL-9, IL-12(p40),
IL-13,IL-17, Eotaxin, granulocyte-CSF, granulocyte-macrophage—
CSF, KC, monocyte chemotactic protein-1, MIP-la, MIP-1f,
Regulated upon Activation, Normal T-cell Expressed, and Se-
creted, tumor necrosis factor-a, IL-15, fibroblast growth factor-
basic, leukemia inhibitory factor, macrophage-CSF, human mono-
kine induced by gamma interferon, MIP-2, platelet-derived growth
factorfp and vascular endothelial growth factor (supplemental
Figure 4) were measured in sera from mice with B-cell lymphomas,
T-cell lymphomas, and other tumors and in sera from tumor-free

RzCD19Cre, Rz, CD19Cre, and WT control mice. The levels of
these cytokines and chemokines in sera from tumor-bearing RzCD19Cre
mice with B-cell lymphomas were not significantly different from those
of the control groups, and thus, changes in the expression of these
cytokines and chemokines were not strictly correlated with the occur-
rence of B-cell lymphoma in RzZCD19Cre mice.

The levels of amino transferases and sIL-2Ra in mice lacking or
harboring B-cell lymphomas

We also examined the levels of AST and ALT in the RzCD19Cre,
Rz, CD19Cre, and WT mice. There were no significant differences
in the levels of AST and ALT in the sera of mice lacking or
harboring B-cell lymphomas (P > .05; Figure 4A-B; AST:
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RzCD19Cre mice with B-cell lymphomas, 72.2 = 60.5 IU/L;
normal controls, 55.2 = 23.0 IU/L and ALT: RzCD19Cre mice
with B-cell lymphomas, 14.2 = 3.1 IU/L; normal controls,
11.5 £ 3.0 IU/L).

Finally, we examined the level of sIL-2Ra in the sera of the
RzCD19Cre mice with B-cell lymphomas; sIL-2Ra is generated by
proteolytic cleavage of IL-2Ra (CD25) residing on the surface of
activated T and natural killer cells, monocytes, and certain tumor
cells.2432 The average sIL-2Ra level in the RzCD19Cre mice with
B-cell lymphomas (830.3 = 533.0 pg/mL) was significantly higher
than that in the tumor-free control groups, including the RzCD19Cre,
Rz, CD19Cre and WT mice (499.9 = 110.2 pg/mL; P < .0057;
Figure 4C). The average sIL-2Ra levels in other tumor-containing
groups (430.46 *+ 141.15 pg/mL) were not significantly different from
those in the tumor-free control groups (P > .05; Figure 4C). Moreover,
all RzCD19Cre mice with a relatively high level of sIL-2Ra
(> 1000 pg/mL) presented with B-cell lymphomas (Figure 4C).

We also examined the level of SIL-2Ra in MxCre/CN2-29 mice
and observed a significant increase in sIL-2Ra in mice that
expressed HCV and that had B-cell lymphomas compared with
tumor-free control (CN2-29) mice (Figure 4D).

Expression of IL-2Ra in B-cell lymphomas of the RzCD19Cre mice

To examine whether sIL-2Ra was derived from lymphoma tissues,
we quantified IL-2Ra concentrations in splenocytes, PBLs and
B-cell lymphoma tissues (Figure 5). The concentration of IL-2Ra
was significantly higher in splenocytes from RzCD19Cre mice
compared with those from CD19Cre mice; the concentration was
even higher in B-cell lymphoma tissues than in splenocytes from
RzCD19Cre mice (Figure 5). These results strongly suggest that
B-cell lymphomas directly contribute to the elevated serum concen-
trations of sIL-2Ra in RzCD19Cre mice.

Discussion

We have established HCV transgenic mice that have a high
incidence of spontaneous B-cell lymphomas. In this animal model,
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the HCV transgene is expressed during the embryonic stage, and
these RzCD19Cre mice are expected to be immunotolerant to the
HCV transgene product. Thus, the results from this study reveal the
potential for the HCV gene to induce B-cell lymphomas without
inducing host immune responses against the HCV gene product. A
retrospective study indicated that viral elimination reduced the
incidence of malignant lymphoma in patients infected with HCV.3
The results in our study may be consistent with this retrospective
observation, indicating the significance of the direct effect of HCV
infection on B-cell lymphoma development. Another HCV trans-
genic mouse strain (MxCre/CN2-29) showed the similarly high
incidence of B-cell lymphoma, which strongly supported that
development of B-cell lymphomas occurred by the expression of
HCV transgene.

Recent findings have revealed the significance of B lymphocytes in
HCV infection of liver-derived hepatoma cells.* In 4.2% of the
RzCD19Cre mice, CD45R-positive intrahepatic lymphomas were iden-
tified, and infiltration of B cells into the hepatocytes was frequently
observed (data not shown). These phenomena suggest that HCV could
modify the in vivo tropism of B cells. The RzCD19Cre mouse is a
powerful model system to address these mechanisms in vivo.

As a circulating membrane receptor, sIL-2Ra is localized in
lymphoid cells and some other types of cancer cells and is highly
expressed in several cancers®*’ and autoimmune diseases.*!
Recent findings indicate a link between sIL-2Ra levels and
hepatocellular carcinoma in Egyptian patients.*> Appearing on the
surface of leukemic cells derived from B and pre-B lymphocytes
and other leukemic cells, IL-2Ra is one of the subunits of the IL-2
receptor, which is composed of an a chain (CD25), a B chain
(CD122), and ay chain (CD132).#3 IL-2R ectodomains are thought
to be proteolytically cleaved from the cell surface344+43 instead of
produced as a result of posttranscriptional splicing.* In RzZCD19Cre
splenocytes, the level of IL-2Ro was higher than that in spleno-
cytes from CD19Cre mice; however, serum concentrations of
sIL-2Ra in RzCD19Cre mice without B-cell lymphomas did not
show significant differences compared with other control groups
(Rz, CD19Cre, and WT). These results indicate the possibility that
HCV may increase IL-2Ra expression on B-cells; proteolytic
cleavage of IL-2Ra was increased after B-cell lymphoma develop-
ment in the RzZCD19Cre mouse. The detailed mechanism that induces
IL-2Ra as a result of HCV expression is still unclear at present, but we
have found previously that the HCV core protein induces IL-10
expression in mouse splenocytes.™* IL-10 up-regulates the expression of
IL-2Ra (Tac/CD25) on normal and leukemic B lymphocytes,* and
therefore, through IL-10, the HCV core protein might induce IL-2Ra in
B cells of the RzCD19Cre mouse.

In conclusion, this study established an animal model that will
likely provide critical information for the elucidation of molecular
mechanism(s) underlying the spontaneous development of B-cell
non-Hodgkin lymphoma after HCV infection. This knowledge
should lead to therapeutic strategies to prevent the onset and/or
progression of B-cell lymphomas.
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Detection of Hepatitis B and C Viruses in Almost All Hepatocytes by
Modified PCR-Based In Situ Hybridization"
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Although PCR-based in situ hybridization (PCR-ISH) can be used to determine the distribution and
localization of pathogens in tissues, this approach is hampered by its low specificity. Therefore, we used a
highly specific and sensitive PCR-ISH method to reveal the lobular distribution and intracellular localization
of hepatitis B virus (HBV) and HCV in chronic liver disease and to clarify the state of persistent HBV and HCV
infection in the liver. HBV genomic DNA was detected in almost all hepatocytes, whereas HBV RNA or protein
was differentially distributed only in a subset of the HBV DNA-positive region. Further, HCV genomic RNA was
detected in almost all hepatocytes and was localized to the cytoplasm. HCV RNA was also detected in the
epithelium of the large bile duct but not in endothelial cells, portal tracts, or sinusoidal lymphocytes. In
patients with HBV and HCV coinfection, HCV RNA was localized to the noncancerous tissue, whereas HBV
DNA was found only in the cancerous tissue. Using this novel PCR-ISH method, we could visualize the staining
pattern of HBV and HCV in liver sections, and we obtained results consistent with those of real-time detection
(RTD)-PCR analysis. In conclusion, almost all hepatocytes are infected with HBV or HCV in chronic liver

disease; this finding implies that the viruses spreads throughout the liver in the chronic stage.

Hepatitis B virus (HBV) and hepatitis C virus (HCV) are
the primary causative agents of chronic liver disease (2, 9, 17).
HBYV infection remains a global health problem; it is estimated
that 350 million individuals are persistently infected with the
virus and that approximately 15% to 25% of these individuals
will die due to the sequelae of the infection (23, 29). Further,
more than 170 million people are infected with HCV world-
wide (21). HCV has a single-stranded RNA genome (8, 19),
does not have canonical oncogenes, and can easily establish
chronic infection without integration into the host genome (3,
20), resulting in hepatic steatosis and hepatocellular carcinoma
(HCC) (28). The viruses share a similar route of transmission,
such as via the transfusion of infected blood or body fluids or
use of contaminated needles.

Several studies have shown that 10% to 35% of the individ-
uals infected with HBV also have HCV infection, although the
prevalence varies depending on the population studied (4, 32,
34). The relationship between coinfection and acceleration of
malignant transformation remains unclear, but HBV and HCV
coinfection seems to alter the natural history of both HBV-
related and HCV-related liver disease (2, 12). HCV has been
shown to inhibit HBV gene expression (7, 15). The high prev-
alence of occult HBV infection may indicate that HCV also
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inhibits HBV replication (34). Most epidemiological studies of
HBV have been performed by using diagnostic serological
assays (16). We recently used a novel, highly sensitive diagnos-
tic PCR method to demonstrate that the HBV genome is
detectable in the sera of a substantial proportion of patients
with chronic HCV infection who are seronegative for the stan-
dard HBV-related markers (1, 34). Further, we reported the
levels of HBV DNA and HCV RNA in cancerous and non-
cancerous liver tissue using real-time detection (RTD)-PCR
(34). RTD-PCR is an accurate assay method, but it can deter-
mine the levels of genomic DNA and RNA only in homoge-
nized tissue. In this study, we developed a PCR-based in situ
hybridization (PCR-ISH) method for detecting and visualizing
HBV DNA, HBV RNA, and HCV RNA and comparing their
protein expression patterns, with the aim to reveal the lobular
distribution and intracellular localization of HBV and HCV in
chronic liver disease and to clarify the state of persistent HBV
and HCV infection in the liver.

MATERIALS AND METHODS

Patients. Twenty-nine patients were admitted to Tokyo Metropolitan Koma-
gome Hospital for the treatment of hepatic tumors. Of these patients, 14 were
considered to have chronic HCV infection (persistently positive results for HCV
antibody), 8 were diagnosed with chronic hepatitis B (persistently positive results
for HBV surface antigen [HBsAg]), and 7 showed negative results for both viral
markers but had metastatic liver cancer (6 with colonic cancer and 1 with gastric
cancer). We used four samples from seven patients as controls for PCR-ISH and
four samples from seven patients as controls for reverse transcriptase PCR
(RT-PCR)-ISH (Table 1). Of the 14 patients with chronic hepatitis C, two
showed positive results for HBV DNA by RTD-PCR. HBsAg and second-
generation HCV antibody were measured by using enzyme-linked immunosor-
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TABLE 1. Patient profiles and results of the present study
i ) Serum Serum HCV RNA
Patient ~ Age Gender® HCV HBs Liver RT-PCR-ISH PCR-ISH HBV DNA IFN Note
no. (yr) antibody  Ag  histology HCV HBV (copies/ . treatment
ml)? Copies/ml KIU/mi
1 53 M - + A2F3 + 1.1 x 10 -
2 42 M - + A2F2 + 40 % 10° — Fig. 2A
3 43 M - + A2F3 + 1.6 x 107 -
4 53 M - +  A2F4 + 6.4 x 10° - Fig. 1A
5 55 M - + A2F3 + 1.0 x 10° = Fig. 3A
6 54 M - + A2F4 - + NT¢ -
7 31 M - + A3F3 + 3.0 x10° -
8 61 F — + A3F3 + NT -
9 63 M + - A3F4 + - 5.6 x 10° - Fig. 4D
10 56 M + - A2F3 + - NT +
11 67 F + - A3F4 - - NT —
12 73 M + - A2F4 + 1.2 x 10° = Fig. 1B
13 68 F + - A3F4 + 1.1 x 10° -
14 76 F + = A2F4 + 9.5 x 10° - Fig. 4A
15 62 M + == A2F3 + 72 X 10° -
16 65 M + = A3F4 o NT =
17 60 F + = A3F4 + 41 =
18 48 F + - A2F1 + 7.6 X 10° >850 = Fig. 4C
19 43 M + - A2F3 + 389 -
20 59 M + - A2F3 + >850 -
21 72 F + - A2F4 + + 39x 10" 5.0x107 Fig. 5
22 69 M + - A2F3 + + 50x 10" 3.0 x 107
23 69 M o —  Normal - - Gastric cancer
24 58 M - - Normal - Colon cancer
25 58 M - —  Normal = Colon cancer
26 59 F — —  Normal = Colon cancer
27 65 M - - Normal - Colon cancer
28 47 M — —  Normal — Colon cancer
29 81 F — —  Normal — Colon cancer

“M, male; F, female.

® Serum HBV DNA was positive in patients 21 and 22.
¢ NT, not tested.

4 KIU, kilo international units.

bent assay (ELISA) kits (Abbott Laboratories, Chicago, IL, and International
Reagent Corp., Kobe, Japan, respectively). All 29 patients underwent hepatic
resection. Histological evaluation of the liver was carried out according to the
METAVIR scoring system (3).

Ethical approval. The Institutional Review Board of Tokyo Metropolitan
Komagome Hospital approved the study. Written informed consent was ob-
tained from all the subjects.

Sample preparation. The liver tissue samples for HBV DNA detection were
fixed in 10% buffered formalin (pH 7.4) for 18 h, embedded in paraffin, cut into
6-pm-thick sections, and mounted on silane-coated glass slides for use with a
GeneAmp in situ PCR system 1000 unit (Applied Biosystems, Foster City, CA).
The slides were washed thrice in xylene for 8 min at each washing, rinsed thrice
in 99.5% ethanol and 75% ethanol for 5 min at each rinsing, and rehydrated in
distilled water for deparaffinization. For detecting HBV mRNA and HCV RNA,
OCT-embedded frozen liver tissue samples were cut into 10-pum-thick sections
and mounted on silane-coated glass slides. They were then fixed in 10% buffered
formalin (pH 7.4) for 17 to 21 h, rinsed twice in distilled water treated with 0.01%
diethylpyrocarbonate (DEPC) for 2 min at each rinse, rinsed in 99.5% ethanol
for 1 min, and then air dried and stored at —80°C until use. The tissue sections
on the glass slides were digested with proteinase K (1 to 30 wg/ml and 1 to 200
ng/ml for the noncancerous and cancerous regions of the paraffin-embedded
sections, respectively; 0.008 to 1.0 pg/ml for the frozen sections) in 50 mM Tris
(pH 7.5) at 37°C for 30 min in a humidified chamber. Subsequently, proteinase
K was inactivated at 97°C for 10 min, and then the sections were rinsed with
distilled water, dehydrated in 99.5% ethanol, and air dried.

Primers and probes for PCR-ISH and RT-PCR-ISH. The primers used to
amplify the S and X regions of HBV and the 5" untranslated region (5'-UTR) of
HCV as well as the corresponding probes are listed in Table 2. We created a
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digoxigenin (DIG)-dUTP tail at the 3’ end of the 5'-DIG probe using a DNA
tailing kit (Roche, Basel, Switzerland).

PCR-ISH for detecting HBV DNA. PCR was performed by using one of two
sets of antisense and sense primers complementary to the sequences located in
the S and X regions of HBV. The PCR mixture contained 10 mM Tris-HCI (pH
8.3), 50 mM KCl, 3.0 mM MgCl,, 0.8 mM each primer, 197 mM deoxynucleoside
triphosphates (ANTPs), and 10 U/50 pl Tag DNA polymerase (AmpliTaq Gold;
Applied Biosystems).

The tissue slides were warmed to 70°C, and 50 pl of the PCR mixture was
overlaid onto the proteinase K-treated tissue specimens. An Ampli cover disc
with Ampli cover clips (Applied Biosystems) was attached to each specimen. The
slides were placed in the GeneAmp in situ PCR system 1000 unit at 70°C. PCR
was performed at 95°C for 10 min, followed by 35 to 55 cycles at 95°C for 30 s and
60°C for 2 min and a final extension at 72°C for 10 min. Immediately after the
PCR, the slides were fixed in 4% paraformaldehyde in phosphate-buffered saline
(PBS) for 10 min at 37°C, washed in 2 SSC (1 SSC is 0.15 M NaCl plus 0.015
M sodium citrate) for 2 min, rinsed with distilled water for 2 min, dehydrated in
99.5% ethanol for 1 min, and then air dried. ISH was performed by mixing the
DIG-labeled probe (final concentration, 100 ng/ml) with 65 ul of hybridization
buffer (50% deionized formamide, 4X SSC, 1X Denhardt’s solution [0.2% bo-
vine serum albumin {BSA}, 0.2% polyvinyl pyrrolidone, 0.2% Ficoll 400], 100
pg/ml denatured salmon sperm DNA, 100 pg/ml yeast RNA, and | mM EDTA)
and then adding the mixture to each section, heating to 97°C for 10 min, and
cooling to 37°C in decrements of 1°C/min (27). Hybridization was carried out
overnight at 37°C. Stringency washes were conducted with the following: 2X SSC
twice for 10 min at 37°C, 0.03x SSC for 10 min at 50°C, 0.1% Triton X-100 in
TBS (0.1 M Tris [pH 7.5], 0.1 M NaCl) for 10 min at room temperature, and TBS
for 5 min at room temperature. After incubation in blocking reagent (0.1 M Tris



VoL. 48, 2010 HEPATIC LOCALIZATION OF HBV AND HCV 3845

B 3 E% o [pH 7.5], 0.1 M NaCl, 10% sheep serum, 3% BSA) at room temperature for 15
'% g = a min, the slides were covered with 100 pl anti-DIG antibody conjugated with
] o] g g alkaline phosphatase (Roche) and diluted at 1:900 with 1% BSA in TBS at 37°C
= "‘% for 60 min. After this reaction, the slides were washed twice (3 min each) with
oot 0.1% Triton X-100 in TBS, then with TBS alone, and finally with APS (0.1 M Tris
[pH 9.0], 0.1 M NaCl, 50 mM MgCl,) at room temperature. The slides were
incubated in 100 pl dye solution (338 pg/ml nitroblue tetrazolium chloride
Q ™ jasfasges) T jont jos) [NBT], 175 pg/ml 5-bromo-4-chloro-3-indolyl-phosphate 4-toluidine salt [BCIP],
5 g g 3 E 2 E 3 < and 450 wM Levamisole [Vector Labs, Burlingame, CA] in APS) at 37°C in the
T 8 GRG & = = - dark. After sufficient color development, they were washed with deionized water
°§ Sv S g 5 U@ ; for 1 min and then mounted with aqueous mounting medium.
g =z = g'-g RT-PCR-ISH for detecting HBV RNA. The OCT-embedded frozen sections
& =~ % were placed on glass slides. After proteinase K treatment, the tissue sections
% g were digested with RNase-free DNase I (Roche; diluted to 3 U/ul in 0.1 M
= sodium acetate and 5 mM MgSQ,). The DNase I reaction mixture (66 pl) was
overlaid onto the tissue sections, which were then enclosed in a frame. The slides
were reacted in an aluminum box at 37°C for 20 min and inactivated at 97°C for
e L L e e T e e 10 min. They were then washed in DEPC-treated water, dehydrated in 99.5%
§ 5 é 5 é— § é §_ é_ 5 5 5 é 5 %_] ethanol, and air dried.
¢ g® g¢ gee 6. g © go g o Moloney murine leukemia virus (MMLV) reverse transcriptase (10 U/ul;

Invitrogen, Carlsbad, CA) was used in a reaction mixture containing 10 mM
Tris-HCI (pH 8.3), 50 mM KClI, 5.0 mM MgCl,, I pM antisense primer, | mM
dNTPs, 2 U/pl RNase inhibitor (Takara, Otsu, Japan), and 10 mM dithiothreitol
(DTT). The specimens were then overlaid with the mixture, reacted at 42°C for
60 min, washed with distilled water, dehydrated in 99.5% ethanol, and air dried.
The subsequent procedures were the same as described for PCR-ISH.
Immunohistochemical staining for detecting HBV proteins. Deparaffinized
formaldehyde-fixed sections or fixed frozen liver tissue sections on glass slides
were soaked in distilled water, digested with 0.1% pronase (protease P8038
XXIV; Sigma-Aldrich, Tokyo, Japan) for 1 min, and washed with PBS at room
temperature. After 30 min of incubation in blocking reagent (1% BSA and 2.5
mM EDTA in PBS) at room temperature, the slides were reacted with 100 wl of
anti-HBs and anti-HBc polyclonal antibody solutions for 3 h at room tempera-
ture and then overnight at 4°C. The following polyclonal antibodies were used:
anti-HBs rabbit polyclonal antibody anti-HBc rabbit polyclonal antibody (Novo-
castra Laboratories, Newcastle, United Kingdom), or normal rabbit serum di-
luted in blocking reagent. After the reaction, the slides were washed four times
with PBS at room temperature and incubated for 60 min at room temperature in
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MU auaty auaaag 100 ! anti-rabbit IgG conjugated with peroxidase (Amersham ECL; GE Health-
5] a S % g g Q\ E 8 5 9 @ g g @ Q ga % Q care, Piscataw?y, NJ )Idilutcd to 1:100 in blocking reagent. T!'IC slides were then
239 % Q 9 g o 8 | g L] N 8 ] g alQ Y washed four times with PBS at room temperature and stained by using 3,3’
Q 5 8 3 8 a g g > g a ?_>] g C}') ; Q Q 3 6’1 = diaminobenzidine tetrahydrochloride (DAB) (Vector Labs). Following counter-
€] a % Q >Q ; > g 8 q :!] >0 = % 9‘ QQ % 3 staining with Mayer’s hematoxylin solution, the tissue specimens were dehy-
é co»a (3: o) Q 8 >»> Q 2 % % g €] % 3 Q ; drated in 99.5% ethanol and 80% xylene. The slides were sealed by using Bioleit
6’3:@3358%382 ggg Q]O%"i%;’ -: (Oken Shoji, Tokyo, Japan).
08R%cdaas08 2o 089 :% 3 E S RT-PCR-ISH for detecting HCV RNA. HCV RNA was detected by using
= S e 8 = = g 5 Qg 2 = %% g @>q ¢ methods similar to those used for detecting HBV RNA except for the following
g 3 :j S g (; 2 a 8 a 8 g a % a 'g g 5 g g steps: the DNase I step was omitted, and 1.5 mM MgCl, was used in the PCR
PRZQASTQPQa aQ odRrnaQ mixture.
§ Q 5 a5 g § 8 “z3 9 8 % Sgag z 2 Primers and probe sets in RTD-PCR for quantifying HBV DNA, HCV RNA,
8&8 99% 3 Qe o= 3 g o 8 B-actin DNA, and GAPDH mRNA. The primer sets to quantify the S and X
Qo0 b g N 5 5 g QL 8 ) regions of HBV were the same as those used for PCR-ISH. The TagMan probes
g RR G i g @ g Q o for these regions, the primers and probe designed to quantify the 5'-UTR of
) ~d 5 g z % HCV (33), and those used to quantify B-actin genomic DNA and GAPDH
Q > 3 2 (glyceraldehyde-3-phosphate dehydrogenase) mRNA (internal control) are
Q :1 Q @ shown in Table 2. Each PCR comprised 50 cycles (95°C for 30 s, 60°C for 40 s,
g 8 Q and 72°C for 30 s) in a real-time PCR system (ABI Prism 7700 sequence detector
g g g sys“:em;I Applied Biosystems).Th - ) ;
Q mplicor monitor assays. The Amplicor monitor assays were performed as
8 Q a described previously (22, 24, 33, 36).
; S HE staining. HBV- or HCV-infected deparaffinized formaldehyde-fixed sec-
3 8 ;% tions or fixed frozen liver tissue sections were stained with hematoxylin and eosin
Q 2 (HE).
:3 % 8 LCM of liver tissue. A frozen liver tissue sample was sectioned by using a
8 % 8 cryostat and fixed in acetone, followed by HE staining. Laser capture microdis-
a 51 > section (LCM) was performed by using an LM 200 system (Olympus, Tokyo,
"a (S] @ Japan) as described previously (6, 11). This procedure produced approximately
) @ Q 30 hepatocytes from each of three areas (perivenular, intermediate, and peri-
E i i portal) in the section. Total RNA was extracted from the LCM samples, and

HCV RNA and GAPDH mRNA were quantified by RTD-PCR.
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FIG. 1. (A) Panels a and b, HBV DNA detected by PCR-ISH and

immunohistochemical staining in nonc:

J. CLIN. MICROBIOL.

2.0x105 copies HCV
RNA/ug total RNA

2.0x10“ copies HCV
RNA/ug total RNA

- bl

ancerous (Non-Ca) (panel a) and

cancerous (Ca) (panel b) liver tissues obtained from a patient infected with HBV. The numbers of PCR cycles were 37 and 42, respectively. Panels
c and d, serial sections were stained with HE. Magnification, X400. S+§, primers and probe targeting the S region of HBV DNA. (B) Panels a
and b, HCV RNA detected by RT-PCR-ISH (45 cycles of PCR) in noncancerous (panel a) and cancerous (panel b) tissues obtained from a patient
infected with HCV. Panels ¢ and d, no HCV RNA was detected in the RT-negative controls. Panels e and f, serial sections were stained with HE.

Magnification, x400.

RESULTS

Sensitivity and specificity of PCR-ISH versus RTD-PCR for
detecting HBV DNA and HCV RNA. PCR-ISH showed positive
results for HBV DNA in 10 tissue specimens from eight
HBsAg-seropositive patients and two patients whose serum
HBV DNA was barely detected by RTD-PCR despite being
their HBsAg negative (patients 21 and 22) (Table 1). PCR-ISH
yielded negative results for four patients who were negative for
serum HBsAg and HCV antibody (patients 23, 24, 28, and 29)
and three patients who were negative for serum HBsAg but
positive for HCV antibody (patients 9 to 11).

Thirteen of the 14 tissue specimens from the patients with
serum HCV antibody had a positive result for HCV RNA by
RT-PCR-ISH (sensitivity, 92.9%). In contrast, HCV RNA was
not detected by RT-PCR-ISH in four tissue specimens from
the patients negative for both HCV antibody and HBsAg (pa-
tients 23, 25, 26, and 27) or in the sample from an HBsAg-
positive and HCV antibody-negative patient (patient 6).

We performed PCR-ISH and RT-PCR-ISH on the same
HBV- or HCV-infected samples from noncancerous and can-
cerous regions in which we had previously quantitated viral
genomic DNA or RNA by RTD-PCR (34). The noncancerous
tissue contained 6.1 X 10° copies of HBV DNA/ug total DNA,
and the cancerous regions included 4.5 X 10° copies/pg total
DNA. Equivalent numbers of cells in the noncancerous and
cancerous tissues stained positive for HBV on PCR-ISH (pa-
tient 4; Fig. 1A). The PCR-ISH results were consistent with the
HBYV DNA copy number previously determined by RTD-PCR
(34).

Noncancerous tissue from an HCV-positive patient con-
tained 2.0 X 10° copies HCV RNA/ug total RNA, whereas
cancerous tissue contained 2.0 X 10? copies/pg total RNA
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(patient 12; Fig. 1B). HCV RNA was observed by RT-PCR-
ISH in hepatocytes of the liver tissue sections from an HCV-
infected patient (Fig. 1B). In the noncancerous tissue, an in-
tense hybridization signal was found at the perinuclear sites of
almost all the hepatocytes in the section (Fig. 1B, panel a). In
contrast, in the cancerous tissue, there was only a weak HCV
RNA hybridization signal in the hepatocytes (Fig. 1B, panel b).
When the RT step was omitted (control), no HCV RNA was
detected in the noncancerous or cancerous tissue sections (Fig.
1B, panels ¢ and d). These results were consistent with the
previous quantitation of HCV RNA copy number by RTD-
PCR (34).

Detection of HBV DNA by PCR-ISH. HBV DNA was de-
tected by PCR-ISH in the tissue sections obtained from an
HBV DNA-seropositive patient. Amplified PCR products
were detected by using a probe for either the S or the X region
(Fig. 2A, panels a to d) but were not detected by using a
heterologous probe (Fig. 2A, panels e and f). Amplification of
either the S or the X region of HBV DNA gave the same
pattern of hybridization (Fig. 2A, panels a to d). HBV DNA
was detected by PCR-ISH in almost all hepatocytes (Fig. 2A,
panels a to d) and was very obvious even under low magnifi-
cation (Fig. 2A, panels a and c). An intense hybridization
signal was observed predominantly at the perinuclear site un-
der high magnification (Fig. 2A, panels b and d). In contrast,
HBYV DNA was not detected by using HBs- and HBx-matched
primer and probe combinations in sections obtained from an
HBV DNA-seronegative patient (data not shown). DNA frag-
ments amplified by using the S and X region primer sets were
179 bp and 161 bp, respectively (Fig. 2B). Sections from an
HBV DNA-seronegative patient were negative in the PCR
analysis (data not shown).



VoL. 48, 2010 HEPATIC LOCALIZATION OF HBV AND HCV 3847
A primer and probe
S+S X+X

X+X s+S

S+X

FIG. 2. (A) Panels a to f, HBV DNA detected in liver tissue sections from a patient with chronic hepatitis B by PCR-ISH (42 cycles of PCR).
Panels g and h, serial sections were stained with HE. Magpnifications, X 100 (panels a, c, e, and g) and X400 (b, d, f, and h). $+8, primers and probe
targeting the S region; X+X, pnmers and probe targeting the X region; S+X, primers and probe targeting the S and X regions, respectively.
(B) Amphﬁed DNA fragments in the PCR mixture of the section in panel A visualized by 3% agarose gel electrophoresis. The PCR product of

the X region was 161 bp, and that of the S region was 179 bp.

Localization of HBV DNA, HBV RNA, HBsAg, and HBcAg
in liver tissue. HBV DNA, HBV RNA, HBsAg, and HBcAg
were detected by PCR-ISH, RT-PCR-ISH, and immunohisto-
chemical staining of serial sections from an HBV-infected pa-
tient (patient 5; Fig. 3A, panels a to h). HBV DNA was de-
tected in almost all the hepatocytes by PCR-ISH, although
there was wide variation in the hybridization signal intensity
between different areas of the section (Fig. 3A, panels a and b).
The staining pattern of HBV RNA was similar to that of HBV
DNA (Fig. 3A, panels c and d). Intracytoplasmic and intranu-
clear staining for HBsAg and HBcAg, respectively, was found
in some hepatocytes (Fig. 3A, panels f and h). PCR and RT-
PCR results were confirmed by gel electrophoresis of the am-
plified products in the supernatant from the tissue section (Fig.
3B, panels a and b).

Detection of HCV RNA by RT-PCR-ISH. HCV RNA could
be detected by RT-PCR-ISH in almost all the hepatocytes in
the liver sections obtained from an HCV RNA-seropositive
patient (Fig. 4A, panels a and b). Under high magnification, a
strong HCV RNA signal was detected in the perinuclear area
(Fig. 4A, panel b). A negative-control test (no RT) did not
detect any HCV RNA (Fig. 4A, panels ¢ and d). The expected
162-bp DNA fragment amplified by RT-PCR in the superna-
tant from the tissue section was detected (Fig. 4B, lane 2). In
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contrast, HCV RNA was not detected in the liver section
obtained from an HCV RNA-seronegative patient, regardless
of whether RT was used (data not shown).

Isolation of HCV RNA in hepatocytes by LCM. Hepatocyte
groups were captured from the perivenular, intermediate, and
periportal areas by LCM (Fig. 4C, panel a). HCV RNA was
quantified by RTD-PCR in approximately 30 hepatocytes cap-
tured by LCM and normalized against the picogram weight of
GAPDH mRNA (Fig. 4C, panels b to d); the HCV RNA levels
were equivalent in all three regions (Fig. 4C, panel d).

Detection of HCV RNA in the epithelium of the large bile
duct. HCV RNA was detected by RT-PCR-ISH in the epithe-
lium of the large bile duct, which was surrounded by dense
fibrous and elastic tissue (Fig. 4D, panels a and b). In contrast,
no HCV RNA was detected in the epithelium of the small bile
duct. Further, HCV RNA was not detected in the portal vein
or its branches (Fig. 4D, panel a).

Detection of HBV DNA and HCV RNA in noncancerous and
cancerous liver tissue sections obtained from a patient with
HBYV and HCV coinfection. Figure 5 shows the results for HBV
DNA and HCV RNA in liver samples from a patient with HCC
having HCV and HBV coinfection. The amounts of serum
HBV DNA and HCV RNA were 39 copies/ml and 5 X 107
copies/ml, respectively (patient 21) (34). In the noncancerous
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FIG. 3. (A) Panels a to h, HBV DNA, HBV RNA, HBsAg, and
HBcAg detected in OCT-embedded frozen liver tissue from a patient
with chronic hepatitis B by PCR-ISH (panels a and b), RT-PCR-ISH
(panels ¢ and d), and immunohistochemical staining (panels e to h).
Panels i and j, HE staining of serial sections. The primers and probe
targeted the S region to detect HBV DNA and HBV RNA. Antibodies
to the envelope and core proteins were used to detect HBsAg and
HbcAg, respectively. Magnifications, X50 (panels a, ¢, e, g, and i) and
X400 (panels b, d, f, h, and j). The number of PCR cycles was 42.
(B) Amplified DNA fragments in the PCR mixture of the section in
panel A. Panel a, the DNA fragments amplified by 42 cycles of PCR
were visualized by 3% agarose gel electrophoresis. Panel b, RT-PCR
after DNase I treatment (3 U/ul) and negative controls (no RT).
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tissue from the patient with HBV and HCV coinfection, there
was an intense hybridization signal for HCV RNA on RT-
PCR-ISH in almost all the hepatocytes (Fig. 5A, panel b).
There was also a positive but weak RT-PCR-ISH signal for
HCV RNA in the tumor hepatocytes (Fig. 5B, panel b). Few
hepatocytes in the cancerous tissue were positive for HBV
DNA by PCR-ISH (Fig. 5B, panel a), and no HBV DNA
hybridization signal was detected in the noncancerous tissue

(Fig. 5A, panel a).

DISCUSSION

The standard assay for detecting replication of HBV and
HCYV in tissue is ISH, but results are often inconsistent and
sometimes difficult to reproduce. The specificity of ISH is high
but its sensitivity low, and it is difficult to detect low copy
numbers of the HBV or HCV genome in tissue. PCR technol-
ogy has been adapted to in situ amplification of viral genomes
or their replicative intermediates in liver tissue sections, but
sensitivity and specificity remain major challenges to the ap-
plication of this approach (13, 18, 23, 25, 26, 30, 31). Here, we
describe the use of a novel, highly specific and sensitive PCR-
ISH method to determine the distribution and localization of
HBV DNA, HBV RNA, and HCV RNA in both normal and
cancerous liver tissues.

PCR-ISH is the most sensitive technology currently avail-
able for the detection of viral genomes, but a major potential
limitation of this approach is the low specificity. We were able
to improve the specificity of PCR-ISH by careful optimization
of certain steps. PCR was performed using sets of antisense
and sense primers that were complementary to the sequences
located in the S and X regions of HBV and the 5-UTR
upstream of the core region of HCV. We added PCR tem-
plates to the PCR mixture and then added the PCR mixture to
the HBV- or HCV-negative tissue sections. The slides were
placed in the GeneAmp in situ PCR system 1000 unit, and
PCR-ISH was performed as described in Materials and Meth-
ods. Following these results, we selected the primer and probe
set that did not stain the HBV- or HCV-negative tissue sec-
tions by PCR-ISH. Second, the type and concentration of pro-
tease and the treatment time were adjusted to optimize per-
meabilization of membranes and release of protein-nucleic
acid cross-linking while avoiding overdigestion. Third, to im-
prove the specificity for detecting viral genomes, we limited the
number of PCR cycles and fixed the liver tissue sections in 4%
paraformaldehyde immediately after PCR amplification. This
step is essential to avoid diffusion of PCR products into neigh-
boring cells, a phenomenon known as the diffusion artifact.
Limiting the number of PCR cycles was also important for
eliminating the background staining, as too many cycles re-
sulted in high background staining and loss of tissue morphol-
ogy. Fourth, we added a DIG-dUTP tail at the 3’ ends of the
probes for PCR-ISH and RT-PCR-ISH. These 45-mer probes
were optimized to improve their sensitivity without impairing
the specificity.

HBYV DNA was detected by PCR-ISH in a large number of
hepatocytes in tissue sections from an HBV DNA-seropositive
patient (Fig. 1A, panel a). HBV DNA was also observed by
PCR-ISH in tumor hepatocytes in a section of cancerous tissue
from the same patient (Fig. 1A, panel b). As shown in Fig. 2A,
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FIG. 4. (A) Panels a and b, HCV RNA detected in liver tissue samples from a patient with chronic hepatitis C by RT-PCR-ISH. Panels ¢ and
d, HCV RNA was not detected in a negative control (no RT). The number of PCR cycles was 45. Panels e and {, serial sections were stained with
HE. Magnifications, x40 (panels a, ¢, and e) and X400 (panels b, d, and f). (B) DNA fragments in the PCR mixture of the section in panel A were
amplified with the RT step and detected by 3% agarose gel electrophoresis. Amplification without the RT step resulted in no detection of DNA
fragments. (C) Panel a, after LCM of nine areas, sections of liver tissue obtained from a patient with chronic hepatitis C were stained with HE.
Panels b and ¢, HCV RNA and GAPDH mRNA in each of the areas were quantified by RTD-PCR, and the results are expressed as copy number
per LCM area. Panel d, the copy number of HCV RNA was corrected by using the picogram weight of GAPDH. (D) Panels a and b, HCV RNA
detected in the epithelium of the large bile duct by RT-PCR-ISH. The number of PCR cycles was 45. Panels ¢ and d, serial sections were stained

with HE. Magnifications, X60 (a and c) and X600 (b and d).

we obtained clear and reproducible patterns of distribution or
localization of the viral genomes in the tissue sections. The
visual patterns of HBV DNA distribution were similar, irre-
spective of the primer sets and probes (Fig. 2A, panels a to d).
These data indicate that our technique is highly specific and
reproducible for the detection of HBV DNA.

The staining pattern of HBV RNA was similar to that of
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HBV DNA (Fig. 3A, panels ¢ and d). HBV DNA was also
observed by PCR-ISH in tumor hepatocytes in a section of
cancerous tissue from an HBV DNA-seropositive patient (Fig.
1A, panel b), but neither HBsAg nor HBcAg was detected in
this section (data not shown). As shown in Fig. 3, the intensity
of HBV DNA by PCR-ISH was almost the same as that of
HBV RNA by RT-PCR-ISH but did not coincide with the



