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FIG. 4. (Continued)

Furthermore, in the inflamed tissue, inflammatory cytok- MC, a chronic autoimmune disorder, is usually asso-
ines and autoantigens provide survival signals that promote  ciated with chronic liver inflammation by HCV infection
plasma cell differentiation and survival, which may result (Dore and others 2007; Galossi and others 2007; Zignego and
in chronic inflammation and progressive tissue destruction.  others 2007). Excessive production of antibodies known as
The present results are in line with this scenario when the RF is the main cause of MC. The fact that the majority of
HCV E2 protein is regarded as an autoantigen. circulating B cells of patients with HCV-associated MC are
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of the CD27* phenotype (Carbonari and others 2005) further
supports the contribution of memory B cells to extrahepatic
autoimmune disorders.

Migration of B cells expressing CXCR3 into the
CHC liver

In order to directly assess the migration of B cells
expressing CXCR3 to the liver, immunohistochemical anal-
yses were carried out by staining liver biopsy specimens.
Unfortunately, as we could not obtain the biopsy specimens
from the CHC analyzed in the above experiments, they
were collected from other chronic hepatitis C patients. Liver
biopsy specimens of alcohol-induced HCV-negative hepati-
tis patients instead of normal subjects were used as controls,
since we could not obtain normal liver biopsy specimens.

As shown in Figure 4, the infiltration of CD19* B cells
were recognized in the liver of a HCV-positive hepatitis C
patient, and the distribution of the CD19* cells in the liver
was almost identical to that of CXCR3* cells (panels B vs. C).
These CXCR3* B-cell infiltrations were not observed in an
HCV-negative alcohol-induced hepatitis patient specimen
(panels E and F). Five HCV-positive and three HCV-negative
independent liver biopsy specimens were analyzed, and sim-
ilar staining profiles as shown in the figure were obtained.
As expected, IP-10 was expressed in the liver of a CHC (panel
H) but not in an HCV-negative specimen (panel ]). Figure
4K-4N indicated that CXCR3* cells are localized at the sites
where IP-10 is expressed positive. Together, these results are
concordant with our hypothesis that CD27* B cells express-
ing CXCR3 migrate into the liver of PIP.

In this study, it was demonstrated that significant reduc-
tions in peripheral CD27* B cells are seen in CHC, while
plasma levels of IP-10, a CXCR3 ligand, are markedly
increased in CHC. Furthermore, it was found that the CD27*
B cells highly express the CXCR3. In accordance with these
phenomena, immunohistochemical analyses revealed that
CXCR3* B cells migrate in the liver of CHC where IP-10 is
produced.

Finally, it is worth mentioning here that the recruit-
ment of peripheral memory B cells into inflamed tissue
may not be unique to CHC but rather is a general phenom-
enon. A recent report by Hansen et al. showed accumula-
tion of memory B cells in the inflamed salivary glands of
Sjoegren’s syndrome patients (Hansen and others 2002),
and Malbran et al. found that peripheral CD27* memory B
cells are reduced in patients with X-linked lymphoprolif-
erative disease (Malbran and others 2004). Further investi-
gation into the dynamics of memory B cells in chronically
HCV-infected patients will be necessary, not only to better
understand the HCV pathogenesis in particular, but also to
gain insight into immunological disorders such as tolerance
breakdown in general.
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Letter to the Editor

Single amino acid substitution in the hepatitis B virus surface
antigen (HBsAg) “a” determinant affects the detection sensitivity
of an HBsAg diagnostic kit

Dear editor:

Hepatitis B virus surface antigen (HBsAg) is one of the most important
serological markers used in the diagnosis of HBV infection. HBV has been
classified into 8 genotypes, designated A to H [1-4]. In our previous report
[5], we evaluated the sensitivity of 10 commercially available diagnostic
kits to recombinant HBsAgs encoded by HBV of genotypes A to H. None of
the diagnostic kits examined failed to detect HBsAg of all the genotypes (A
to H) at a concentration of 1.0 IlU/ml. When the HBsAg samples were
tested at a lower concentration (0.2 1U/ml), 9 out of 10 kits gave positive
results, i.e. cut-off index (COI) = 1.0, but 1 kit, Lumipulse Il HBsAg, failed to
give positive results for genotypes E and F. In this study, we compared the
amino acid sequences of the HBsAg “a” determinant among HBV
genotypes.

Amino acid-substituted HBsAgs, i.e., S140T, for genotypes E and F were
synthesized as follows: the S genes of genotypes E and F were cloned into
the eukaryotic expression vector pEF6/V5-His (Invitrogen Co., San Diego,
CA), as previously described [5]. We constructed the amino acid-
substituted HBsAg mutants, S140T, by inverse PCR of the whole plasmids
with KOD-plus polymerase (Toyobo Co., Ltd., Osaka, Japan) following the
thermal cycler protocol; denaturation for 2 min at 94 °C and 30 cycles of
denaturation at 94 °C for 1 s, annealing at 55 °C for 30 s, and extension at
68 °C for 6 min 30 s. Primers for PCR of the plasmid of genotype E were as
follows: forward eS140T-Fw409-430, 5'-ATGTTGCTGTACAAAACCTTCGG-
3'; reverse eS140T-Rv408-389, 5'-GAGGGAAACATAGAGGTTCC-3'. Pri-
mers for genotype F plasmid were as follows: forward fS140T-Fw409-430,
5'-CTGTTGCTGTACCAAACCCTCGG-3'; reverse fS140T-Rv408-389, 5'-
GAGGGAAACATAGAGGTTCC-3". Underlined characters in these DNA
sequences refer to codon S140T in the S protein and boldface characters
indicate the substituted nucleotide that was T in the wild-type sequence.
PCR products were separated by agarose gel electrophoresis and isolated
with the MinElute Gel kit (Qiagen GmbH, Germany), circularized using
the Blunting Kination Ligation kit (Takara Bio Inc., Ohtsu, Japan), and used
to transform TOP 10 Chemically Competent Escherchia coli cells (Invitro-
gen). The entire S gene regions of the resulting plasmids were sequenced
to confirm that they had the desired substitution and no other mutation
(data not shown). The above kits were used according to the respective
manufacturer’s instructions.

Huh-7 cells grown in two 6-well culture plates (Invitrogen) were
transiently transfected with each HBsAg plasmid as previously described
[5]. After 3 days of culture, approximately 40 ml of culture supernatant
was harvested and filtered through a membrane filter with pore size of
0.45 mm (Millex® Filter Unit; Millipore Co., Billerica, MA). The super-
natants were concentrated with Amicon Ultra-15 K10 (Millipore Co.) to
one-fifth of the volume. The concentration of each recombinant HBsAg
sample was tentatively determined using (expressed in IU/ml) Architect
HBsAg QT (Abbott fapan Co. Ltd, Chiba, Japan), which is the only

0009-8981/% - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.cca.2009.12.020

quantitative assay kit approved in Japan. The samples were diluted to
make 2-fold serial dilutions at concentrations of 1.6 IU/ml to 0.1 IU/ml
with a multi-marker negative matrix (Accurum 810; BBI Co. Ltd., Boston,
MA). The test samples were measured with 2 diagnostic kits - Lumipulse [l
HBsAg and Lumipulse Presto HBsAg (Fujirebio Co. Ltd., Tokyo, Japan) -
according to the manufacturer's instructions and the results were
expressed as the COl.

Comparison of the amino acid sequences of the HBsAg “a" determinant
among HBV genotypes revealed that the amino acid at position 140 was T
(threonine) in all genotypes except E and F but was S (serine) in
genotypes E and F (Fig. 1A). We therefore synthesized amino acid-
substituted HBsAgs, i.e., S140T, for genotypes E and F. As shown in Fig. 1B,
$140T of both genotypes, E and F, tested positive, i.e, COI= 1.0, by the
Lumipulse Il HBsAg kit even at a low concentration (0.1 1U/ml) of HBsAg.
These results indicated that a single amino acid substitution in the HBsAg
“a" determinant affects the sensitivity of the Lumipulse Il HBsAg kit. In
response to these results, Fujirebio Inc., the manufacturer of the Lumipulse
Il HBsAg kit, improved the sensitivity of the kit by optimizing it for the
amounts of the two types of monoclonal antibody used. As shown in
Fig. 1C, the improved kit, named Lumipulse Presto HBsAg, was able to
detect a concentration of HBsAg as low as 0.1 IU/ml regardless of the
substitution at amino acid 140.

In this report, we demonstrate that a single amino acid
substitution affects the sensitivity of an in vitro diagnostic kit for
HBsAg detection. This issue has been of wide concern because it was
well documented that some diagnostic kits failed to detect particular
mutant HBsAgs that have an amino acid substitution in the “a”
determinant, such as a Gly/Arg mutation at amino acid 145, i.e., G145R
[6-8]. Our study clearly verified the influence of amino acid
substitution in the HBsAg “a” determinant on the detection capacity
of a diagnostic kit by using the amino acid substitution technique.

The effect of an amino acid substitution on the sensitivity of
diagnostic kits may not be restricted to detection kits for HBsAg. The
phenomenon reported here should be borne in mind when using in
vitro diagnostic kits not only for HBsAg but also for other analytes,
such as HCV core Ag and HIV Ag. In fact, our recent study
demonstrated that a single amino acid substitution within the HCV
core antigen sequence reduced the sensitivity of a commonly used
immunoassay [9].

In conclusion, we have verified that a particular amino acid residue
in the HBsAg “a” determinant of a particular HBV genotype is critical
for HBsAg detection sensitivity. Furthermore, it was demonstrated
that optimization for the amounts of monoclonal antibodies improved
the sensitivity of an HBsAg detection kit. These results indicate that
caution should be exercised when detecting HBsAgs of various
genotypes as well as mutant HBsAgs.
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Fig. 1. A Comparison of amino acid sequences of HBsAg “a” determinants of various HBV genotypes. Accession numbers for amino acid sequences of genotypes A to H shown in the figure
are listed below. Genotype A (AY902775, http:/'www.ncbinim.nih.gov/nuccore/59802797); genotype B (AY293309, http:/, www.ncbi.nlm.nih.gov, nuccore 38147024}; genotype
C (AY205125, http:/, www.ncbi.nlm.nih.gov, nuccore, 60279615); genotype D (AY796032, http://www.ncbi.nlm.nih.gov, nuccore, 56090033 ); genotype E (DQ060829, http:  www.ncbi.
nim.nih.gov, nuccore, 70794948); genotype F (AY090459, http://www.ncbi.nlm.nih.gov/nuccore,22135721); genotype G (AB0565 16, http: /www.ncbi.nlm.nih.gov nuccore 15425700);
genotype H (AB179747, http:/ www.ncbi.nlm.nih.gov/nuccore,60115422). B: Detection of recombinant HBsAg derived from genotypes E (E w.t.} and F (F w.t.) and their amino acid-
substituted counterparts (E S140T and F S140T) by Lumipulse Il HBsAg and C: Lumipulse Presto HBsAg kits. Each point indicates the mean of triplicate results. Error bars are too short to be

indicated. Dashed lines indicate COI = 1.0.
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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 o subunit
(slL-2Ra) in RzCD19Cre mouse serum. All
RzCD19Cre mice with substantially el-
evated serum siL-2Ra levels (> 1000 pg/

mlL.) 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
HCYV 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%.8 The HCV envelope protein E2 binds human
CD81,'9 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 ¢DNA (nucleotides 294-3435), including the viral genes that
encode the core, E1, E2, and NS2 proteins, using the Cre/oxP
system (in core~NS2 [CN2] mice).!> The conditional transgene
activation of the HCV ¢DNA (core, E1, 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-/~/~ mice.'* Infection and replica-
tion of HCV also occur in B cells,'>!6 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, RzCI19Cre mice (129/sv, BALB/c, and
C57BL/6)] mixed background), and MxCre/CN2-29 mice (C57BL/6]
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 Institational 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).!®
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 IIl 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, IL4, 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~CSE, 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-w, [L-15,
fibroblast growth factor-basic, leukemia inhibitory factor, macrophage-
CSF, human monokine induced by gamma interferon, MIP-2, platelet-
derived growth factorf, and vascular endothelial growth factor were
measured using the Bio-Plex Pro assay (Bio-Rad). Serum soluble IL-2
receptor « (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 Mg?+ (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.?? Amplification of mouse Vj genes was
performed using Vkecon (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)'®1%% 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 theliver (0.32 % 0.03 pg/mg) and
plasma (not detectable). RT-PCR analysis of peripheral blood
lymphoeytes (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 W'T 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; 11.-N, ID No. 24-4, RzCD19Cre mouse); lymphoma
tissues were markedly different compared with the control lymph
node (Figure 2Ai,iii,v; ID No. 474, 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-IK-N). All samples were reviewed by at least 2 expert
pathologists and classified according to World Health Organization
classification.?s 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%j
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-J«);
a predominant JH1 product and a minor TH2 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 RzCD19Cre mice. (A) Schematic diagram of the transgene structure compiising the complete HCV genome (HCR6-R2). HCV genome expression was
regulated by the Cre//oxP 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 RNA in PBLs by RT-PCR. Samples that included the RT
reaction are indicated by -+, and those that did notinclude 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 RzCDI19Cre mice (mouse [ Nos. 24-1, 54-1, 56-5, 69-5, 42-4,
43-4, 36-3 |data not shown] and 62-2 [data nol shown]) yielded a
Jk-5 gene amplification product, and the lymphomas from 3 other
mice had the alternative gene configurations Jk-1 (mouse 1D No.
31-4), Ik-2 (mouse ID No. 24-4) and Jk-3 (mouse 11D No. 42-4;
Figure 2C). PCR amplification products from the genes JH4
(mouse 1D Nos. 24-1, 24-4, 54-1, 43-4, 56-5, 69-5, 62-2 [data nol
shown]. 36-3 [data not shown]), JH1 (mouse I Nos. 31-4, 42-4)
and JH3 (mouse 1D Nos. 31-4, 42-4, 56-5, 43-4, 36-3 [data nol
shown]) were also delected (supplemental Figure 2). The mutation
frequencies in the Jk-1. -3 and -5 genes were the same as the

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 mle out the oncogenic cffect caused by a transgenic
integration into a specific genomic locus, we examined if HC'V
transgene inserted into another genomic site also causes B-cell
lymphomas using another HC'V transgenic mouse strain, MxCre/
(CN2-29 (supplemental Figure 3). Expression of the HCV CN2
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HCV-RNAs in B-lymphomas
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Figure 2. Histopathologic analysis of B-cell lymphomas 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 (i, iv, vi; ID No. 69-5, male). Paraformaldehyde-fixed and paraffin-embedded tumor fissues 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 (j). Mitotic cells are indicated with arrowheads (vi). Scale bars:
100 pm (jii-iv, vii-viii) and 20 wm (v-vi, insets in vii-viii). (B) Expression of HCV RNAin B-cell lymphomas from RzCD19Cre mice was examined by RT-PCR. The first round of
PCR amplification 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 fissues of a WT mouse (ID No. 21-2) was PCR amplified using primers specific for Vi-Ji genes.
Amplification of controls was performed using genomic DNA isolated from a GANP fransgenic mouse (GANP Tg#3) and in the absence of template DNA (no-template control,

NTC). M, DNAladder 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

Incident Incident
HCV Mouse B lymphoma, T lymphoma,
expression genotype No. ber (%) ber (%)
+ RzCD19Cre 72 18 (25.0) 3(4.1)
Rz 34 1(2.9) 1(2.9)
CD19Cre 22 2(9.1) 1(4.5)
WT 12 1(8.3) 1(8.3)

(mouse 1D 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
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development of B-cell lymphomas in HCV transgenic mice
occurred similarly to RzCD19Cre mice. MxCre/CN2-29 mice also
developed hepatocellular carcinomas (10%, 360 days, 17%,
480 days, 50%, 600 days after onset of HCV expression; Sekiguchi
et al, submitted).

The results obtained in 2 HCV transgenic mouse strains indicate
that the expression of the HCV gene or the proteins indeed induces
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 lymphomas
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 fransgenic 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 peif dto d ine the sIL-2Ra con ion in serum

ples 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-2Ra in sera from fransgenic (MxCre/CN2-29 or CN2-29) mice with or without B-cell lymphomas (*P < .05).

chronic hepatitis.?>*® 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 lymphomaZ3!
induced by HCV, and IL-1a, IL-1B, 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-1a, MIP-1B,
Regulated upon Activation, Normal T-cell Expressed, and Se-
creted, tumor necrosis factor-e, 1L-15, fibroblast growth factor-
basic, leukemia inhibitory factor, macrophage-CSF, human mono-
kine induced by gamma interferon, MIP-2, platelet-derived growth
factorfy 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 Rz2CD19Cre
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 RzCD19Cre mice.

The levels of amino transferases and sIL-2R« 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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IL-2Ru in mouse tissues
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Figure 5. Levels of IL-2Ra in transgenic and control mice lacking or harboring
B-cell lymphomas. The expression level of IL-2Ra in splenocytes and PBLs from
CD19Cre and RzCD19Cre mice and in Bcell lymphomas from RzCD19Cre mice was
measured by ELISA. IL-2Ra levels per total protein are indicated (picograms per
milligram). Data from quadruplicate samples are shown as the mean = SD (*P < .05).

RzCD19Cre mice with B-cell lymphomas, 72.2 *+ 60.5 [U/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-2R« in the sera of the
RzCDI19Cre mice with B-cell lymphomas; sIL-2Rais generated by
proteolytic cleavage of IL-2Ra (CD25) residing on the surface of
activated T and natural killer cells, monocytes, and certain tumor
cells. 232 The average sl1.-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 sll.-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 RzCDI9Cre 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 sll-2Rq in mice that
expressed HCV and that had B-cell lymphomas compared with
tumor-free control (CN2-29) mice (Figure 4D).

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

To examine whether s1I.-2R« was derived from lymphoma tissues,
we quantified 1L-2R« concentrations in splenocytes, PBLs and
B-cell lymphoma tissues (Figure 5). The concentration of I1.-2R«
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
RzC'D19Cre mice (Figure 5). These results strongly suggest that
B-cell lymphomas directly contribute to the elevated serum concen-
trations of s[1.-2R« in RzC'D19Cre 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 HC'V 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.»
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-posilive intrahepatic lymphomas were iden-
tified, and infiltration of B cells into the hepatocyles 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-2R« 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, [L.-2Ra is one of the subunits of the I1.-2
receptor, which is composed of an « chain (CD2S), a 3 chain
(CD122), and a vy chain (CD132).43 IL-2R ectodomains are thought
to be proteolytically cleaved from the cell surface®#44 instead of
produced as a result of posttranscriptional splicing.” In RzCD19Cre
splenocytes, the level of 11.-2Ra was higher than that in spleno-
cytes from CD19Cre mice; however, serum concentrations of
sIL-2Ra in RzCD19Cre mice without B-¢ell lymphomas did not
show significant differences compared with other control groups
(Rz, CD19Cre, and WT). These results indicate the possibility that
HCV may increase [1-2Ra expression on B-cells; proteolytic
cleavage of IL-2Ra was increased after B-cell lymphoma develop-
ment in the RzCD19Cre mouse. The detailed mechanism that induces
11-2Rex as a result of HC'V expression is still unclear at present, but we
have found previously that the HCV core protein induces 11-10
expression in mouse splenocytes.™ 11.-10 up-regulates the expression of
IL-2Ra (Tac/CD25) on normal and lenkemic B lymphocytes* and
therefore, through [1-10, the HCV core protein might induce 11.-2Ra in
B cells of the RzCID19Cre 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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In this study, we infected NOD/Scid/Jak3null mice engrafted human peripheral blood leuko-
cytes (hu-PBL-NOJ) with measles virus Edmonston B strain (MV-Edm) expressing hepatitis
C virus (HCV) envelope proteins (rMV-E1E2) to evaluate the immunogenicity as a vaccine
candidate. Although human leukocytes could be isolated from the spleen of mock-infected

Keywords: mice during the 2-weeks experiment, the proportion of engrafted human leukocytes in
IT(},V mice infected with MV (103-10° pfu) or rMV-E1E2 (10* pfu) was decreased. Viral infection
E1 of the splenocytes was confirmed by the development of cytopathic effects (CPEs) in co-

E2 cultures of splenocytes and B95a cells and verified using RT-PCR. Finally, human antibodies
Human PBL against MV were more frequently observed than E2-specific antibodies in serum from mice
NOD/Scid/Jak3null mouse infected with a low dose of virus (MV, 10°-10" pfu, and rMV-E1E2, 10'-102 pfu). These
results showed the possibility of hu-PBL-NOJ mice for the evaluation of the immunogenicity

of viral proteins.
© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Hepatitis C virus (HCV) is a member of the Flaviviridae
family and is the causative agent of both chronic hepati-
tis and hepatocellular carcinoma (HCC) [1-3]. 170 million
people are infected with HCV worldwide [4,5]. Despite
prevention efforts and advanced treatment strategies,
including combined PEGylated alpha interferron (PEGIFN-

* Corresponding author. Tel.: +81 96 373 5560; fax: +81 96 373 55620.
E-mail address: kkohara@kumamoto-u.ac.jp (K. Tsukiyama-Kohara).
T Present address: Virology, Shionogi Research Laboratories, Shionogi
& Co Ltd, Osaka, Japan.

0147-9571/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.cimid.2010.02.006

«) and ribavirin therapy [6,7], the clinical efficacy of this
treatmentis limited [8,9]. Alternative novel antiviral agents
that have been shown to elicit effective responses in chron-
ically infected patients, such as inhibitors of viral protease,
helicase, and polymerase, are currently being developed
but are expensive [10]. Therefore, the development of
an effective vaccine that either induces the production
of high-titer, long-lasting, and cross-reactive neutralising
antibodies or induces a cellular immune response is impor-
tant.

Immunological approaches to control HCV infection
have proven to be ineffective, in part because HCV adapts
to escape from the host immune system [11]. Further-
more, a high percentage of immunocompetent individuals
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are infected by HCV despite their ability to mount an
active immune response [12]. A preventive HCV vaccine is
required to protect unexposed individuals from HCV infec-
tion. This vaccine will most likely need to target the viral
envelope glycoprotein, E1 and E2, and must also be biva-
lent, safe, and provide long-lasting protective immunity. To
address this challenge, we evaluated the immunogenicity
of a live-attenuated recombinant vector derived from the
pediatric measles virus (MV) that expresses HCV antigens.
The MV vaccine is a well-known, live-attenuated vaccine
and has proven to be one of the safest, most stable, and
effective human vaccines [13]. This vaccine is produced
on a large scale in many countries and used at low cost
through the Extended Program on Immunisation of the
WHO [14,15]. While this vaccine has been shown to induce
life-long immunity with a single dose, boosting is effec-
tive. Efforts to develop vaccines using recombinant MV
expressing different proteins derived from dengue virus
[16,17], human immunodeficiency virus (HIV) [18-21],
Human papilloma virus (HPV) [22], Severe acute respira-
tory syndrome (SARS) [23], or West Nile virus (WNV) [24]
have been described. We constructed a recombinant MV
expressing the E1 and E2 envelope glycoproteins of HCV
(rMV-E1E2) [25] and demonstrated that this virus could
infect B95a cells and express HCV E1.

HCV research has long been hampered by the lack
of an animal model that reproduces HCV infection in
humans. The model in which severe combined immunode-
ficient (SCID) mice are transplanted with human peripheral
blood leukocyte (PBL) is a well-established system to
study human immunity (hu-PBL-SCID). This mouse devel-
ops all human lymphoid cell lineages that repopulate the
animal’s lymphoid organs. Our group previously gener-
ated the non-obese diabetic (NOD)/SCID/Janus kinase 3
(Jak3) knockout (NOJ) mouse model and then established
a human hemolymphoid system in this mouse [26,27]. In
this study, we infect human PBL-transplanted NOJ mice
with MV and rMV-E1E2 and then characterise the humoral
immune responses elicited by the transplanted human
cells, in order to evaluate rMV-E1E2 as a vaccine candidate.

2. Materials and methods
2.1. Cells

B95a cells, a marmoset B cell line [28], were used for
viral titration and rescue, and were maintained in RPMI
1640 medium supplemented with 10% heat-inactivated
foetal calf serum (FCS).

2.2. Plasmid construction and viral rescue

The cDNAs encoding HCV E1 and E2 were obtained
from the plasmid HCR6CNS2 [29]. We used replication-
competent MV-based vectors (pMV; Edmonston B strain
of MV) [25]. The E1 and E2 cDNAs were cloned into the
Fse I site of pMV and the resulting clone, pMV-E1E2, was
used to rescue the infectious recombinant MV expressing
the HCV envelope glycoproteins (rMV-E1E2), as reported
previously [30].

—437—

2.3. Generation of humanised mice

Mice were reconstituted as described previously
[26,27]. The NOD/SCID/JAK3™! strain was established by
backcrossing JAK3™! and the NOD Cg-Prkdc5id strains for
ten generations. All animal experiments were performed
according to the guidelines of Institutional Animal Com-
mittee or Ethics Committee of Kumamoto University.

2.4. Preparation of human blood leukocytes and
transplantation

Peripheral blood leukocytes were isolated from blood
donors using Ficoll-Hypaque density gradient centrifuga-
tion. A total of 5x 108 cells were transplanted into the
spleen of irradiated (2 Gy) 4-week-old mice.

2.5. MV and MV-E1E2 infection

We injected 10°-105 pfu of MV or 10°-102 or 10% pfu
of MV-E1E2 intraperitoneally for MV and MV-E1E2 infec-
tion, respectively. As a negative control, a group of mice
was injected with RPMI 1640. Mice were monitored for
2 weeks and then euthanised. The spleens and peripheral
blood were collected for analysis.

2.6. Flow cytometry

Isolated splenocytes were stained with APC-Cy7-
conjugated anti-mouse CD45 (BD Pharmingen) to detect
the murine leukocytes and either APC- or pacific blue-
conjugated anti-human CD45 (DAKO) to detect human
leukocytes. All data were analysed using Flow]o (Tree Star).

2.7. Confirmation of viral infection

The viral infection of the human leukocytes was
confirmed using co-culture with B95a cells followed by
RT-PCR. Suspensions of isolated splenocytes were co-
cultured with B95a cells and the formation of cytopathic
effects (CPEs) was monitored for 2 weeks. Additionally,
RNA was isolated from the supernatant of the co-cultures
using ISOGEN-LS (Nippon gene) according to manu-
facturer’s instructions. MV RNA was detected using
reverse transcript-PCR (RT-PCR) with the sense primer, 5'-
ACTCGGTATCACTGCCGAGGATGCAAGGC-3' (1256-1284)
and anti-sense primer 5-CAGCGTCGTCATCGCTCTCTCC-
2 (2077-2056) or 5'-atggcagaagagcaggcacg-3’
(1807-1826). HCV E1 or E2 was amplified using

E1-S-1051 5'-ccgttgctgggtggeactta-3' and El-
AS-1314  5'-atcatcatgtcccaagccat-3'  or  E2-S-1600
5'-ctggcacatcaacaggactg-3’  and E2-AS-1960  5'-

aaggagcagcacgtctgtct-3'.
2.8. ELISA

Anti-MV antibody titers were determined by using an
ELISA assay. 96-well plates were coated with a 25 pg/ml
solution of MV-infected B95a lysate or recombinant E2-
expressing baculovirus-infected Sf9 lysate as antigen,
respectively. The plates were consecutively incubated with
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Fig. 1. Construction of the recombinant MV vectors. (A) The rMV full genome vector derived from the MV-Ed strain is illustrated in the upper panel and is
labelled with letters as follows: N, nucleocapsid; P, phosphoprotein; M, matrix; F, fusion; H, hemagglutinin; and L, large. T7 indicates the T7 RNA polymerase
promoter. The cDNA encoding the HCV envelope glycoproteins (E1 and E2) containing the signal peptide sequence (SP) and the transmembrane domain
(TMD, underlined) regions, the N gene end signal (E), the P gene start signal (S), and the intercistronic region of the H protein genes at the 5’ end, which
was flanked by Fse I sites at both ends, was introduced into the unique Fse I site in between the N and P genes in the pMV vector. The resulting plasmid was
designated pMV-E1E2. (B) The HCV E1 and E2 proteins were detected in rMV-E1E2-, rMV-Ed- and mock-infected B95a cells by western blot with MoAb 384
and 544 (arrows). (C) rMV-E1E2-infected B95a cells were stained with MoAb 299 (anti-E1) or MoAb 187 (anti-E2) and analysed by immunofluorescence.
Nuclei were stained with Topro-3 and the bright field and merged images are indicated (400 x).

sera (1:100) recovered from hu-PBL-NOJ mice, peroxidase-
conjugated rabbit-human IgG (DAKO), and TMB Peroxidase
EIA Substrate Kit (Bio-Rad) at 37 “C for 1 h. Optimal density
values were measured at 450 nm.

An anti-MV-NP antibody (Millipore, MA, USA) and nor-
mal mouse serum (NMS) were used as positive control and
negative control respectively.

2.9. Western blot analysis
Total protein extracts from E2-expressing baculovirus-

infected Sf9 lysate were separated by SDS-PAGE. The
primary antibodies used for Western blots were as fol-

lows: sera from mice (1:100) and anti-E2 monoclonal
antibody (1:5000). Peroxidase-conjugated secondary anti-
bodies were added and incubated with the mixture for 1h
at room temperature.

3. Results

3.1. Construction of recombinant measles virus
expressing E1 and E2

The HCV genes corresponding to the envelope proteins
E1 and E2 were sub-cloned in between the N and P genes of
the MV vector (Fig. 1A). The HCV E1 and E2 genes included
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Fig. 2. Infection of hu-PBL-NOD/Scid mice with rMV and rMV-E1E2. (A) Course of infection of hu-PBL-NOD/SCID mice with MV and rMV-E1E2. (B) CPE
formation in co-cultures of splenocytes isolated from MV- (MV1, 2), IMV-E1E2-, or mock-infected hu-PBL-NOD/SCID and B95a cells (40x magnification).
(C) Detection of viral RNA by RT-PCR. Detection of MV in MV-1- or 2-infected mouse splenocyte co-cultures (820 bp) and rMV-E1E2-infected splenocyte
co-cultures (564 bp), and HCV E1 (263 bp) and E2 (360 bp) in rMV-E1E2 (10* pfu)-infected splenocyte co-cultures (arrows).

the putative signal peptide sequences at the N terminus
and the transmembrane domain at the C terminus [31]. The
plasmid vector pMV-E1E2 was introduced with supporting
plasmids into 293T cells to rescue the recombinant viruses.
The expression of the E1 and E2 proteins by rMV-E1E2 was
examined by Western blot (Fig. 1B) and immunofluores-
cence (Fig. 1C).

3.2. Infection of hu-PBL-NOJ mice with MV and
rMV-E1E2

All hu-PBL-NOJ mouse infections were observed for 14
days (Fig. 2A). Infections with MV and rMV-E1E2 were con-
firmed by first co-culturing the human leukocytes isolated
from the spleens of infected mice with B95a cells and then
verifying the presence of virus by RT-PCR. In all the MV
(103-10* pfu) or rIMV-E1E2 (10% pfu)-infected hu-PBL-NOJ
mice, CPEs were observed in co-cultures with splenocytes
(Table 1; Fig. 2B). The results of the co-culture assays are
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in agreement with results that were obtained by RT-PCR;
positive bands were observed in the mice infected with
103-10% pfu of MV and 10* pfu of rMV-E1E2 (Fig. 2C). These
results demonstrate that the rescued MV and rMV-E1E2 are
able to infect transplanted human PBL.

Table 1
Summary of MV and MV-E1E2 infection of hu-PBL-NQJ mice.
Virus Amount of virus (PFU)  No.tested = CPE  RT-PCR
Mock Medium i 0/7 0/7
MV 10° 3 0/3 0/3
10! 3 0/3 0/3
10? 3 0/3 0/3
10? 2 212 2/2
10% 2 22 22
MV-E1E2  10° 3 0/3.5:.0/3
10! 3 0/3 0/3
102 3 0/3 1/3
104 4 44 4/4
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Fig. 3. Flow cytometric analysis of splenocytes isolated from hu-PBL-NOJ mice inoculated with medium, MV-Ed (10°-104 pfu), or rMV-E1E2 (10°-102
or 10 pfu). Splenocytes, consisting of both human and murine cells, were stained with antibodies against human or mouse CD45. Representative flow
cytometric profiles of each group of infected mice are shown. The percentages of mouse and human leukocytes are shown.

3.3. Proportion of engrafted human leukocytes in MV-
and rMV-E1E2- infected hu-PBL-NOJ mice

We also examined the splenocytes of infected mice
simultaneously, using flow cytometry to determine the
proportion of human cells in the spleen (Fig. 3, Table 2).In
the MV-infected hu-PBL-NOJ mice, a population of human

leukocytes was observed in the mice that were infected
with 10°-10" pfu, whereas few human leukocytes were
observed in mice infected with 102-10% pfu. In contrast,
in the rMV-E1E2-infected mice, a population of human
leukocytes was detected in mice that were inoculated
with 10°-102 pfu. The ratio of human leukocytes settle-
ment in both groups of mice was inversely correlated
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Table 2

Proportion of human peripheral leukocytes in the spleen of MV-, IMV-E1E2, or mock-infected hu-PBL-NOJ mice.

Virus Amount of virus (PFU) No. tested huPBL settlement (average + S.D.%)
Mock Medium 6 90.9+13.1
MV 10° 3 92.7+11.2
10! 3 58.4+50.6
102 3 55.1+49.9
10° 4 49+6
10° 2 1.7
MV-E1E2 10° 2 79.6
10! 2 96.0
102 3 56.2 4+ 36.2
104 3 034+04

with the results from the RT-PCR and co-culture assays
(Table 1).

3.4. Humoral response of MV- and rMV-E1E2-infected
hu-PBL-NOJ mice

To examine the immune response against MV and
rMV-E1E2 by the transplanted human PBLs, we measured
human MV- or HCV-specific antibodies using an ELISA with
an MV-infected B95a cell lysate (Fig. 4A) or recombinant
HCV E2 protein (Fig. 4B). A significant amount of human
antibody against MV antigens was detected in the sera
from mice that were infected with MV (10°-10! pfu) or
rMV-E1E2 (10'-102 pfu) (Fig. 4A and B). However, only
one mouse, which was infected with 102 pfu of rMV-E1E2,
generated human antibodies against HCV E2 (Fig. 5A). The
antibody responsesin this mouse were confirmed by West-
ern blot analysis (Fig. 5B).

4. Discussion

The development of a vaccine against HCV has relied on
several tools, including recombinant proteins and peptides
that are derived from HCV antigens [12,32-34]. HCV E1 E2
proteins play essential roles in the entry of HCV into host
cells. Therefore, these proteins represent ideal targets for
neutralising antibodies to block viral entry.

Several studies have used the measles virus as a vec-
tor for expression of other viral proteins [16,17]. In this
study, we examined the infectivity of a rescued Edmonston
B strain of MV and a recombinant rMV-E1E2 that was con-
structed using reverse genetics [25,30]. We demonstrate
that these viruses can infect hu-PBL-NOJ mice. This is the
first report demonstrating that rescued virus, including a
recombinant virus, can infect hu-PBL-NOJ mice. Further-
more, an adequate viral titer could control the generation
of antibodies in these mice. Based on the flow cytometry
data, most of the human leukocytes disappeared follow-
ing infection with high virus titer (103-104 pfu) and human
antibody was not detected in these mice (data not shown).
In contrast, a population of human leukocytes was detected
in the mice that were inoculated with a lower dose of
virus (10°-102 pfu). In addition, we could detect human
antibodies in the serum of mice that were infected with
a low dose of virus, suggesting that this viral titer range
is suitable for the induction of an antibody response that
targets rMVs in the hu-PBL-NOJ mouse system. This range
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of virus concentration is adequate for antibody production
and the resulting antibody response might suppress the
viral growth of 109-10" pfu MVs in hu-PBL-NOJ mice.

The humanised mouse is a promising model for study-
ing the transmission of the live, attenuated Edmonston B
strain of the measles virus. There have been several reports
detailing the infection of experimental transgenic mice that

(A)18
161
14}
12

0O.D. 450

A

Med 10°1 1092 10%-1 10'-2 10%-3 NMS Positive
Control

i "

06F

0.D. 450

04}F

02}

E1E2 E1E2 E1E2 MV NMS Positive
101 10%-2 107 Control

Fig. 4. Detection of human MV-specific antibodies in the serum of rMV-
or rMV-E1E2-infected mice. (A) Serum (1:100) from MV-infected mice
(10°-10" pfu) was analysed by ELISA using an MV-infected B95a cell lysate
as the target. An anti-MV-NP antibody was used as a positive control
and NMS indicates normal mouse serum. The asterisk (*) indicates a sig-
nificant reaction (p<0.01) compared to the medium alone control. (B)
Serum (1:100) from rMV-E1E2-infected mice (10'-102 pfu) was analysed
by ELISA. An anti-MV-NP antibody was used as a positive control and NMS
indicates normal mouse serum. The double asterisk (**) indicates a highly
significant reaction (p<0.001) compared to NMS and a single asterisk (*)
indicates a significant reaction (p <0.05) compared to NMS.



