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formed. Among the HTLV-1 cell lines, TL-Om1 is well known to
be latently infected with HTLV-1 and is thought to be stable for
HTLV-1 clonality (17, 26). Transcription from HTLV-1 provirus
in TL-Om1 cells is blocked by the highly methylated LTR (27).

In this study, we evaluated the distinct genomic properties of
HTLV-1 and IC genes in TL-Om1 cells with regard to their suit-
ability as reference materials for HTLV-1 NATSs. Precise informa-
tion about HTLV-1 infectivity, karyotype, and absolute copy
number of HTLV-1 and cellular control genes of TL-Om1 is use-
ful for applying TL-Oml as a reference material for HTLV-1
qPCR. As such, for this use, TL-Om1 has advantages over other
cell lines, such as the human ATL cell line MT2 and the rat T-cell
line TARL-2. A recent study of HTLV-1 testing in Japanese blood
donor screening revealed that virus prevalence is not limited to
areas where HTLV-1 is endemic but has shifted to the entire coun-
try, especially the Tokyo metropolitan area (6). Nationwide
HTLV-1 tests have been performed on pregnant women in Japan
since the end of 2010. The frequent occurrence of seroindetermi-
nate results after Western blotting is one weakness of the HTLV-1
antibody tests. HTLV-1 qPCR is thought to be a solution for de-
creasing the number of seroindeterminate results; therefore, an
accurate measurement of HTLV-1 proviral DNA by qPCR is
needed. Additionally, a PVL value of >4% in PBMCs is reported
to be a risk factor for ATL development from HTLV-1 asymptom-
atic carriers, which emphasizes the importance of measuring PVL
by gPCR (7). PVL monitoring also provides a risk indicator for
HAM/TSP (8). ’

An attempt to minimize the differences between laboratories
by using a common plasmid that included the pX region has been
reported. When standard curves were constructed by utilizing the
common plasmid in all participating laboratories, the differences
in median intralaboratory coefficient of variation (CV) could be
reduced by about half (16). Although the attempt worked well
among participating laboratories with in-house ¢PCR methods,
the transferability of utilizing common plasmids for standard
curves to other methods for PVL determination, for example, dig-
ital PCR, is uncertain.

To standardize HTLV-1 gPCR, we advocate the use of TL-
Oma1 cells with finely elucidated HTLV-1 genomic information as
reference material. A previous report showed that PVL values of
males and females, on average, are 1.39% and 2.10%, respectively
(7). Thus, a dilution or a serial dilution of TL-Om! with PBMCs
or Jurkat cells at a PVL value of around 2% would be an appro-
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priate material for the standardization of HTLV-1 qPCR. These
kinds of references can be easily prepared, because the absolute
gene copy number is determined from the dilution rate of TL-
Oml. TL-Om1 cells were also used as a control in a deep-sequenc-
ing-based method for the quantification of the clone size of
HTLV-1-infected cells in HTLV-1 carrier or ATL patients (28).

We conclude that TL-Om1 cells can be used as a useful refer-
ence material for HTLV-1 NATs. By using TL-Om1 cells, re-
searchers will be able to define the exact values of HTLV-1 by
quantifying the copy numbers of provirus and IC genes. In the
future, we hope that other laboratories will utilize the features of
TL-Om1 cells to standardize the HTLV-1 qPCR.
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Abstract o ; , ; , , S o
Vaccines are beneficial and universal tools to prevent infectious disease, Thus, safety of vaccines is strictly evaluated in the
preclinical phase of trials and every vaccine batch must be tested by the National Control Laboratories according to the
guidelines published by each country. Despite many vaccine production platforms and methods, animal testing for safety -
- evaluation is unchanged thus far. We recently developed a systems biological approach to vaccine safety evaluation where
identification of specific biomarkers in a rat pre-clinical study evaluated the safety of vaccines for pandemic H5N1 influenza
including Irf7, Lgals9, Lgalsbp3, Cxcl11, Timp1, Tap2, Psmbg, Psmel, Tapbp, C2, Csf1, Mx2, Zbp1, Ifrd1, Trafd1, Cxcl9, f2m, Npcl,
_ Ngfr and Ifi47. The current study evaluated whether these 20 biomarkers could evaluate the safety, batch-to-batch and
manufacturer-to-manufacturer consistency of seasonal trivalent influenza vaccine using a multiplex gene detection system.
‘When we evaluated the influenza HA vaccine (HAv) from four different manufactures, the biomarker analysis correlated to
findings from conventional animal use tests, such as abnormal toxicity test. In addition, sensitivity of toxicity detection and
differences in HAvs were higher and more accurate than with conventional methods. Despite a slight decrease in body
weight caused by HAv from manufacturer B that was not statistically significant, our results suggest that HAv from
manufacturer B is significantly different than the other HAvs tested with regard to Lgals3bp, Tapbp, Lgals9, Irf7 and (2 gene
expression in rat lungs. Using the biomarkers confirmed in this study, we predicted batch-to-batch consistency and safety of
influenza vaccines within 2 days compared: with the conventional safety test, which takes longer. These biomarkers will
.. facilitate the future development of new influenza vaccines and provide an opportunity to develop: in vitro methods of
; evaiuatmg batch ‘eo—batch consustency and vaccine safety as an alternative to animal testmg
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Introduction inactivated vaccines and toxoids was mandatory safety evaluation
by ATT and other specific toxicity tests.

Influenza vaccine is one of the most widely used commercially
available vaccines worldwide for preventing seasonal influenza and
its complications. Influenza virus vaccine is mainly produced using
embryonated fertilized chicken eggs and inactivated with formal-
dehyde. Whole particle influenza virus vaccine [WPv] was first
licensed as an influenza vaccine in the US in 1945 [4] and is still
used in some countries. Although WPv contains all the compo-
nents of the influenza virus and induces strong immunity in the
vaccinated individual, a high incidence of adverse events,
including local reactions at the site of injection and febrile illness,
particularly among children have been reported [5,6]. Thus, most
recent vaccines manufactured since the 1970s have been subvirion
vaccines. The subvirion influenza HA vaccine [HAv] showed a
marked reduction of pyrogenicity compared with WPv [7]. The
trivalent influenza vaccine [TIV] is a recently developed subvirion

Vaccination is a beneficial and universal tool to prevent
infectious disease [1]. Because most vaccines are derived from
inactivated virus, bacteria or toxoids, contamination by incom-
plete inactivation can cause serious adverse events. Thus,
historically, the safety of vaccines is strictly regulated by law and
each batch of vaccine must be tested by the National Control
Laboratories according to the guidelines published in each
country, e.g. the European Pharmacopeia, United States Pharma-
copeia and World Health Organization guidelines [2]. After the
diphtheria toxoid (DT) immunization incident in Japan in 1950
that caused the death of 68 children and illness in over 600 infants
owing to contamination by incomplete inactivation of DT [3], the
abnormal toxicity test (ATT) (also known as general safety test) was
introduced to the Japanese guidelines. This stated that the
minimum requirement of biological products (MRBP) and all
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influenza vaccine with components sclected and updated each
year to protect against one of the three main groups of circulating
influenza virus strains in humans. TIV may be administered every
year. Vaccine adjuvant, e.g. alum, MF59 and AS03, was also used
to enhance immunity in preparation for the H5N1 pandemic {8].
To improve immunogenicity and reduce toxicity in addition to
batch-to-batch quality assurance of influenza vaccine, seced lot
systems, recombinant DNA technology, as well as animal and
insect cell culture inactivated vaccine production systems were
introduced. Despite the increase in many vaccine production
platforms, adjuvants, additives and vaccine types, safety evaluation
tests in the preclinical phase and batch release have been
unchanged in most countries, including in Japan.

We previously reported that improved ATT could evaluate and
assure the batch-to-batch consistency of vaccines more strictly
compared with conventional methods [9]. In addition, we recently
introduced a system biological approach to vaccine safety
evaluation and demonstrated that specific biomarkers could be
used to evaluate batch-to-batch consistency and safety of vaccines
to diphtheria-pertussis-tetanus (DPT) [10,11] and Japanese
encephalitis virus (JEV) [12]. Most recently, we showed that a
system biological approach could evaluate the safety of pandemic
H5N1 influenza vaccine [13]. We found 20 biomarkers for the
evaluation of batch-to-batch consistency and the safety of H5N1
vaccine compared with HAv.

In this study, we tested whether these biomarkers could evaluate
batch-to-batch consistency and the safety of seasonal HAv, as well
as adjuvanted whole virion-derived influenza vaccine, using a
multiplex gene detection system. This method might facilitate the
evaluation of batch-to-batch consistency of HAv and reduce the
time required for batch release compared with conventional ATT.
These biomarkers will help the future development of new in vitro

Table 1. Biomarkers to evaluate influenza vaccine safety.

System Vaccinology for Evaluating the Safety of Influenza Vaccine

methods to evaluate vaccine safety as an alternative to animal
testing.

Materials and Methods

1. Animals and Ethics statement

Eight-week-old male Fischer (F334/N) rats weighing 160-200 g
were obtained from SLC (T'okyo, Japan). All animals were housed
in rooms maintained at 23+ 1°C, with 50%+10% relative humidity,
and 12-h light/dark cycles for at least 1 week prior to the test use.
All animal experiments were performed according to the
guidelines of the Institutional Animal Care and Use Committee
of the National Institute of Infectious Diseases (NIID), Tokyo,
Japan. The study was approved by the Institutional Animal Care
and Use Committee of NIID.

2. Vaccines

The following vaccines were used in this study: (1) PDv:
mnactivated monovalent A/H5N1 whole-virion influenza vaccine
(derived from NIBRG-14: A/Vietnam/1194/2004) adjuvanted
with aluminum hydroxide, containing 30 ug HA/ml; (2) WPv:
inactivated whole trivalent influenza vaccine (A/Newcaledonia/
20/99 (HIN1), A/Hiroshima/52/2005 (H3N2), and B/Malaysia/
2506/2004); HAV: trivalent HA influenza vaccine (A/Solomon
Island/3/2006 (HIN1), A/Hiroshima/52/2005 (H3N2), and B/
Malaysia/2506/2004), containing 30 pg HA/ml each strain. For
evaluation of commercially distributed HAV in Japan, we used
trivalent HA influenza vaccine (A/Solomon Island/3/2006
(HINI), A/Hiroshima/52/2005 (H3N2) and B/Malaysia/2506/
2004), containing 30 pg HA/ml per strain. PDv and WPv were
produced, and manufactured by the Chemo-Sero-Therapeutic
Research Institute, Kaketsuken (Kumamoto, Japan). Licensed and
authorized HAvs were purchased from four different manufactur-

Official Symbol Official Full Name Gene ID
In‘7 Interferon regulatory factor 7 - 293:624::
Lgals9 ' Lectin, ga!actosrde brndrng, soluble, 25476 -
!:Qaikbp3 Lectin, galactosrde—bmdmg, soluble 3 bmdmg protein e 245955
Cxelll Chemokine (C-X-C motif) hgand 1 305236
T?mp1 TiMP metallopeptrdase mhrbrtor o ~’~‘;:7‘116510
Trzpz - Transporter 2, ATP-binding cassette, sub famlly B . '24812
Psme : : Proteasome (proseme, macropam) subumt beta type, 9 ; 24967} at
Psme7 Proteasome (prosome, macropam) actrvator subumt 1 29630
Tapbp : TAP bmdrng protem {tapasm} 2521 "
(@] Complement component 2 ‘ 24231
Gft .  Colony $tirrxulatihg factor ilrﬁstrbbhage)?; o 78965 :
Mx2 Myxovirus (lnﬂuenza vrrus) resrstance 2 286918 -
prl S g DNA'bm‘cvimg protem 1 ; ‘ s Cooaioer
Ifrd1 - ‘ - lnterferon related d elopmental reguiator l “ 3

Trafdl‘ s TRAF type zinc fi nger‘ domam contarmng T i i
Cxcl9 4 » a 'Chemoklne (C-X-C motif) hgand 9

32"’?" L : o - Beta2 mlcroglobulm i

Npc1 o ” o Nlemann Pick dlsease, type C1

Ngfr

& Nerve growth factor receptor e
Ifi47 Interferon gamma inducible protein 47

doi:10.1371/journal.pone.0101835.t001
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Figure 1. Optimization of QGP in influenza vaccine safety evaluation. A) Gene expression of Actb, Gapdh, B2m and C2 and B) biomarkers, in
0.2, 2 and 20 ng RNA-containing samples from SA- and WPv-treated rat lungs. Relative expression levels of the Gapdh gene are indicated. SA: saline,

WPv: Whole particle virion influenza vaccine.
doi:10.1371/journal.pone.0101835.g001

ers [HAv (Lot LO3A) from Kaketsuken (Kumamoto), HAv (Lot
309) from Kitasato Institute (Saitama), HAv (Lot 343-A) from
Denka Seiken Co., Ltd. (Tokyo), HAv (Lot HA082D) from Biken
(Kagawa)] in Japan. All vaccines complied with the MRBP in
Japan. HAv used in this study was tested and authorized by NCL
(National Control Laboratory) for distribution in Japan.

3. Abnormal toxicity test

ATT was performed according to the MRBP [http://www.nih.
go.jp/niid/en/mrbp-e.html] using rats with a slight modification.

PLOS ONE | www.plosone.org

Each 5 ml of vaccine was intra-peritoneally (z.p.) injected into rats.
Five milliliters of saline (SA) (Otsuka normal saline; Otsuka
Pharmaceutical Factory Inc., Naruto, Tokushima, Japan) was i.p.
injected as a control. One day after the injection, rat body weight
was measured and peripheral blood was collected. The number of
white blood cells was counted with a hemocytometer (Nihon
Kohden, Japan).

July 2014 | Volume 9 | Issue 7 | e101835
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Figure 2. Validation of QGP with real-time PCR methods. A) GQP result was validated with real-time PCR methods. Bar graph indicates the
real-time PCR results and dot blot indicates QGP results. B) Biomarkers were classified into three grades according to the relative expression level

compared with WPv-treated rats.
doi:10.1371/journal.pone.0101835.g002

4. RNA preparation

One day after injection, rats were sacrificed to obtain whole
lung tissues. Organs were immediately frozen in liquid nitrogen for
storage. Thawed tissuc was homogenized and mixed with an
Isogen reagent (Nippon Gene, Tokyo, Japan). Total RNA was
prepared from the lysate in accordance with the manufacturer’s
instructions. Poly (A)+ RINA was prepared from total RNA with a
Poly (A) Purist Kit (Ambion, Austin, TX), according to the
manufacturer’s instructions.

PLOS ONE | www.plosone.org

5. Quantitative RT-PCR analysis

Poly (A)+ RNA was used to synthesize first-strand cDNA using a
First-strand cDNA Synthesis Kit (Life Science Inc., St. Petersburg,
FL), according to the manufacturer’s instructions. Expression
levels of biomarkers (Table 1) were analyzed by real-time
polymerase chain reaction (PCR) using a 7500 Fast Real-Time
PCR System (Applied Biosystems, Foster City, CA) with 7500 Fast
System SDS Software Version 1.3. cDNA was amplified for real-
time PCR using SYBR Green I (Molecular Probes Inc.) to detect
the PCR products. One microliter of 6-fold diluted cDNA was
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Figure 3. Evaluation of seasonal influenza vaccine with conventional animal safety test. A) The abnormal toxicity test was performed
according to the Minimum Requirements of Biological Products. Each 5 ml vaccine was ip. injected into rats, the body weight measured and lung
tissues collected at day 1 after injection. B) Body weight change at day 1 after injection. NT: nontreated rat, SA: saline, PDv: pandemic H5N1 whole
virion-derived vaccine with alum adjuvant, WPv: whole particle virion influenza vaccine, HAv: influenza HA vaccine, Man: manufacturer.

doi:10.1371/journal.pone.0101835.g003

used in a 20-pl final volume reaction containing 10 ul SYBR
Green PCR Master Mix (Applied Biosystems), and forward and
reverse primers were as described previously [13]. The 7500 Fast
System was programmed to run an initial polymerase activation
step at 95°G for 10 min followed by 40 cycles of denaturation
(95°C for 15 s) and extension (60°C for 1 min). Product synthesis
was monitored at the end of the extension step of each cycle. Gene
expression values were normalized against rat GAPDH.

6. QuantiGene Plex assays

QuantiGene Plex (QGP) assays were performed according to
the QuantiGene Plex Reagent System instructions (Panomics Inc.,
Fremont, CA), as described previously [11]. Briefly, 10 ul of
starting poly (A+RNA (50 ng) was incubated for 10 min at 65°C,
then mixed with 33.3 pl of lysis mixture, 40 Ul of capture buffer,
2 wl of capture beads, and 2 pl of the target gene-specific probe
set. Probe sets were heated for 5 min prior to use. Each sample
mixture was then dispensed into an individual well of a capture
plate, scaled with foil tape and incubated at 54°C for 16-20 h.
The hybridization mixture was transferred to a filter plate, and the
wells were washed three times with 200 ul of wash buffer. Signals
for the bound target mRNA were developed by sequential
hybridization with branched DNA (bDNA) amplifier, and biotin-
conjugated label probe, at 48°C for 1 h cach. Two washes with
wash buffer were used to remove unbound material after cach
hybridization step. Streptavidin-conjugated phycoerythrin was
added to the wells and incubated at room temperature for
30 min. The luminescence of each well was measured using a

PLOS ONE | www.plosone.org

Luminex 100 microtiter plate luminometer (Luminex). Two
replicate assays measuring RNA directly (independent sampling
n=6 for mRNA, n=3-5 for lysate) were performed for all
described experiments. The 20 target genes and GAPDH mRNA
were quantified, and the ratio of the target genes to GAPDH
mRNA was calculated.

7. Statistical analysis

Multiple comparisons were performed for SA, PDv, WPv and
HA. To determine differences between manufacturers, multiple
comparisons were performed for SA and HA from manufacturers
A, B, C and D. Statistical analysis was performed in GraphPad
Prism 6 (GraphPad Software, La Jolla, CA) using an ordinary one-
way analysis of variance test followed by a Tukey multiple
comparison test.

Results

Optimization of multiple gene detection system,
QuantiGene Plex, for safety evaluation of the influenza
vaccine

We previously reported that 20 selected genes (Table 1), from
76 differentially expressed genes in adsorbed PDv-treated rats,
could be used as biomarkers to evaluate H5N1 influenza vaccine
safety compared with other types of influenza vaccine using
conventional real-ume PCR [13]. To establish faster and more
convenient methods to detect these biomarkers in one-step as a
new vaccine safety test, we used QuantiGene Plex (QGP)
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Figure 4. Evaluation of seasonal influenza vaccine with QGP. The relative gene expression levels of the Gapdh gene are indicated in each
column (grades 1, 2 and 3, respectively). *Significant difference between B and C. **Significant difference between B, C and D, ***Significant
difference between PD and WPv.

doi:10.1371/journal.pone.0101835.9004

technology (Panomics Inc., Fremont, CA). We designed a custom identified biomarkers. The Panomics QGP 2.0 assays provided
QGP 2.0 assay to enable the measurement of expression levels of quantitative measurements of 3 to 80 target RNAs per well by
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doi:10.1371/journal.pone.0101835.g005

using bDNA technology in conjunction with multi-analyte
magnetic beads to provide the detection and quantitation of
multiple mRNA targets simultaneously. bDNA technology is a
hybridization-based methodology that uses labeled DNA probes to
amplify the signal rather than the target mRNA. Here, we
produced probes for 20 genes and two control genes (dstb and
Gapdh) for the one-step detection and quantification of these
biomarkers. To check the sensitivity of probes and dynamic range
of our biomarkers, we prepared 0.02, 0.2, 2 and 20 ng total RNA
samples from WPv and SA-treated rat lungs and performed QGP
analysis. Two control genes and two biomarkers (f2m and C2)
reacted in a dose-dependent manner (Figure 1A) We re-
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evaluated all probes with the same sample. Each biomarker
reacted in a dose-dependent manner (Figure 1B) except Ngfr and
Npel. Therefore, 20 ng of RNA sample was used for multiplex
gene detection. All biomarkers except f2m reacted in a dose-
dependent manner. f2m was saturated when using 20 ng RNA
sample; thus f2m could not be used for QGP analysis.

Validation of QGP with real-time PCR

To validate QGP, we performed real-time PCR analysis using
the same samples. As a result, most biomarker gene expression
data from the QGP correlated with the real-time PCR result
except for f2m, Npel (Figure 2) and Ngfr (data not shown). Finally,
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17 genes were selected as the multiplex detection biomarker set.
We next determined the relative biomarker expression levels in
HAv-treated rat lungs compared with WPv used as a reference
toxicity vaccine in the leukopenic toxicity test (LTT) in Japan. We
classified Cxcll1, Cxcl9, Zbpl, Mx2, If7 and Lgals9 as a “Grade 17
gene set where relative expression levels in HAv compared with
WPv were less than 10%. Likewise, we classified £fi47, Tapbp, Csfl,
Timpl, Trafdl, Lgals3bp and Psmb9 as a “Grade 2” gene set where
relative expression levels were less than 20% and C2, Tap?2, Ifrdl
and Psmel as a “Grade 3” gene set where relative expression levels
were less than 40% in HAv compared with WPv. In Japan, it is
acceptable for leukopenic toxicity levels of HAv to be not more
than 20% of WPv by LTT. We applied LTT criteria for selecting
and subdividing these biomarkers into three grades with expres-
sion levels below 20% of WPv and others.

Evaluation of HAv safety in Japan using ATT and QGP
To evaluate the toxicity of scasonal HAv using biomarkers, we
purchased market authorized seasonal influenza vaccines distrib-
uted in Japan from four different manufacturers (Kaketsuken,
Denka Seiken, Kitasato, and Biken). Although the vaccines have
been evaluated and passed ATT by the NCL according to the
Japanese guidelines for MRBP, the reactogenicity of the vaccine to
animals (rats, mice and guinca pigs) was varied. To evaluate these
differences, we performed ATT and checked the body weight
changes of rats after ip. injection of each HAv (Figure 3A).
Although treatment with PDv or WPv (toxic reference whole
virion-derived vaccines) significantly decreased the body weight of
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rats, HAvs from three different manufacturers had no effect on
body weight. HAv from manufacture B reduced the body weight
of rats at day 1 (Figure 3B). However, there was no significant
difference in rat body weight change for the other HAvs; thus HAv
from manufacturer B might be slightly different, when comparing
the mean body weight at day 1. In addition, there was no
significant difference in leukocyte numbers following administra-
tion of HAv from the four manufacturers (data not shown). To
evaluate the differences of each HAv, we next performed multiplex
biomarker detection by QGP. No biomarkers were significantly
up-regulated in HAv-treated rats compared with controls (Figure 4)
except for Psmb9. Furthermore, Psmb§ expression was significantly
up-regulated following administration of HAv from manufacturer
B compared with the control SA-treated and HAvs from the other
manufacturers. The expression levels of €2 and Trafd] were also
significantly up-regulated in the HAv from manufacturer B
compared with the HAv from manufacturer C.

Biomarkers to evaluate safety of adjuvanted influenza
vaccine

Both PDv and WPv contain the whole virion influenza vaccine
and alum adjuvant is only added to PDv to enhance its
immunogenicity. There was no difference in body weight change
between WPv- and PDv-treated rats (Figure 3B). However, among
the 17 biomarkers, the expression level of three genes, Cxel9, Timpl
and Trafd] in PDv-treated rats were significantly decreased
compared with WPv-treated rats (Figure 4). Thus, these biomark-
ers could potentially evaluate the aluminum adjuvant effect.
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Figure 7. Application of the system biological approach for influenza vaccine development. Proposed model of future influenza vaccine
development and establishment of preclinical studies and batch release testing. Acquisition of transcriptome data at the preclinical and clinical phase
is useful for future batch release testing and the prediction of vaccine efficacy and toxicity.
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Cluster analysis of QGP data predicts influenza vaccine
safety

Conventional animal tests such as ATT and LTT have been
performed in Japan for the evaluation of influenza vaccine safety
and toxicity. Despite applying these tests that evaluate whole
virion-derived influenza vaccine from HAv, it is difficult to
distinguish statistically between different HAvs if they do not have
comparable toxicity greater than 20-50% to WPv. According to
the body weight change observed with ATT, we speculated that
HAv from manufacturer B was slightly different than the others
tested (Figure 3B), although this was not statistically significant.
However, when biomarkers were used with QGP to evaluate
HAvs, we could distinguish the HAv from manufacturer B
compared with those from other manufacturers. When we focused
on biomarker expression among the HAv-treated rat lungs, the
expression levels of Zbpl, MX2, Timpl, Lgals3bp, Tapbp, Lgals9, Irf7
and (2 were significantly up-regulated in rat lungs treated with
HAvs from manufacturer B (Figure 5A). In addition, cluster
analysis with the biomarkers predicted differences in HAvs as the
vaccine from manufacturer B was located in a separate cluster
from the other HAvs. Thus, these biomarkers can evaluate batch-
to-batch and manufacturer-to-manufacturer differences in HAvs

(Figure 5B).
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Discussion

Vaccine safety is critical in the process of vaccine development
and universal vaccination. Several vaccines were stopped owing to
safety concerns, including severe side effects, after they had
received marketing authorization and licensing, even when they
were effective [14]. To ensure the safety of vaccines, the preclinical
phase in the development of vaccines and the batch release system
after marketing authorization is critical. However, the guidelines
for nonclinical assessment of vaccines and batch release tests only
focus on the evaluation of vaccine efficacy and immunogenicity in
animal models, quality control testing programs and toxicology
testing in relevant animal models [15]. These guidelines do not
include scientific research for identifying the potential toxicities of
the vaccines, adjuvants and additives.

We have demonstrated the advantage of a system biological
approach using several vaccines authorized in Japan, eg. DPT,
JEV and Influenza vaccine including H5N1 pandemic influenza
vaccine [10-13]. We successfully identified several biomarkers to
evaluate DPT, JEV and influenza vaccine toxicity. In this study,
we demonstrate that the biomarkers used to evaluate H5N1
pandemic influenza vaccine could also be used to evaluate the
batch-to-batch consistency and the safety of HAvs. In addition,
they can be used to evaluate manufacturer-to-manufacturer
differences using the multiplex gene detection system. The
biomarker analysis correlated to findings from conventional

July 2014 | Volume 9 | Issue 7 | 101835



animal use tests, such as ATT. In addition, sensitivity of toxicity
detection and differences in HAvs was higher and more accurate
than with conventional methods. Despite all the HAvs evaluated in
this study meeting MRBP criteria and passing NCL, our results
suggest that HAv from manufacturer B is slightly different than the
HAvs according to Lgals3bp, Tapbp, Lgals9, If7 and C2 gene
expression. Among the official vaccine adverse event information
provided by the Japanese authorities, there is no reported evidence
that the adverse event rate was increased or that severe adverse
events were observed caused by HAv from manufacturer B. It is
still unknown what factors (additives, formalin content, protein
content) induce these biomarkers in the HAv from manufacturer
B. Further studies are needed to determine whether our
biomarkers could predict the toxicity of influenza vaccine by
using different formulations of HAv. Using biomarkers from any
grade characterized in this study, we could also predict the safety
of influenza vaccines within 2 days whereas the conventional
animal use safety test, ATT requires 7 days for evaluating batch-
to-batch consistency and vaccine safety. Further studies are needed
to determine how these biomarkers can be used to evaluate the
safety of HAv. To set the percent limit of up-regulation of each
biomarker, it might be helpful to compare another conventional
test such as LTT [[http://www.nih.gojp/niid/en/mrbp-e.html]]
as well as a comparison of failed batches of HAv. LTT evaluates
the peripheral leukocyte number reduction rate compared with
WPv. In general, WPv induces a strong loss of peripheral leukocyte
numbers 16 hours after WPv administration in mice [9 and 28].
The test criteria of LTT is that the loss of leukocyte numbers in
test samples must be no greater than 20% compared with a
reference toxic vaccine such as WPv or less than 50% of SA-
treated mice. These criteria may be applicable to set our
biomarker expression limit. Further validation is required to set
the limit the gene expression level.

Influenza is a socially important infectious disease that causes
seasonal flu outbreaks worldwide and has a pandemic status [16].
Correspondingly, many types of influenza vaccine (cell derived,
recombinant derived, live attenuated and inactivated influenza
vaccine), have been developed to ensure efficacy and reduce
toxicity [17]. While some adjuvants have been developed and used
to amplify vaccine cfficacy [8], the safety of adjuvants is still of
concern. Recently, several adjuvants (squalene-based MF59 and
AS03) developed and licensed for use only in pandemic influenza
vaccines were under investigation for the occurrence of narcolepsy
in vaccinated children in European countries [18]. Conventional
safety tests could be used to evaluate the safety of these vaccines
[19], but it is still difficult to predict the safety and toxicity of
influenza vaccines, adjuvants and additives [20]. We demonstrated
that usage of system biological approaches to evaluate safety might
revolutionize vaccine testing methods [21]. Most of the previously
identified biomarkers were up-regulated and correlated with
influenza infection, interferon responses, antigen presentation
and antibody production (Figure 6). In addition, we found that
several biomarkers, Cxcl9, Trafdl, and C2 were candidates for
evaluating differences between alum-adjuvanted influenza vac-
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cines and nonadjuvanted vaccines. Further studies, using several
adjuvants, are needed to confirm the feasibility of these biomarkers
in evaluating adjuvant safety.

In addition to whole transcriptome analysis of vaccinated
animals, rccent advances in genome research enabled the
acquisition of whole transcriptional data from vaccinated individ-
uals and identification of gene expression after immunization with
vaccines to yellow fever, measles, tularemia and tuberculosis [22].
With a focus on the influenza vaccine, Bucasas et al. reported a
494 gene set, including biomarkers identified in our previous study
(MX1, IRF7) that strongly corrclated with antibody responses in
humans [23]. Wei et al. reported genc expression differences
between HAv and live attenuated influenza vaccine. They
identified 265 differentially expressed genes, including our
previously identified biomarkers, IRF7, MX1, MX2, OASI and
KBPI [24].

Recently, Nakaya and Pulendran reported a system biological
approach, termed systems vaccinology [25], which was used to
predict immunogenicity and provide new mechanistic insights
regarding influenza vaccination. They also reported several gene
sets that predicted influenza vaccine immunogenicity, including
our previously identified biomarkers, MX1, MX2, OAS! and IRF7
[26]. More recently, Franco et al. reported 20 genes, including our
biomarkers, TAP2 and OASI, which correlated with antibody
responses, using integrative genomic analysis [27]. All these
reports suggest that using animal models is still useful if biomarkers
are up-regulated in vaccinated individuals and can reveal the role
of biomarkers in immune responses and vaccination toxicity.
Thus, in the preclinical and clinical phase, the acquisition of
transcriptome data from both vaccinated individuals and animals,
and a comparison of these data will be helpful for future vaccine
development and batch release testing (Figure 7).

Taken together, system biological approaches to identify
vaccine toxicity using whole genome transcriptome methods will
improve vaccine development in preclinical and clinical phases if
more data are generated from successfully vaccinated individuals
and those with side effects. It is still unclear whether and how these
factors determine immunogenicity and toxicity. Further studies are
required to identify and reveal the mechanisms underlying
vaccination in humans and in animal models, including nonhu-
man primates.
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\'{‘Abstract

. Hepat:tls C virus (HCV) mfect:on Ieads to the development of hepatsc dtseases, as weH as extrahepatrc dzsorders such as B-
. cell non-Hodgkin’s lymphoma (B-NHL). To reveal the molecular signalling pathways responsible for HCV-associated B- -NHL
- development, we utilised transgenic (Tg) mice that express the full-length HCV genome specifically in B cells and develop
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Introduction

Approximately 200 million people are currently infected with
the hepatitis G virus (HCV) worldwide [1]. HCV has been the
major etiological agent of post-transfusion hepatitis and has
frequently caused liver cirrhosis and hepatocellular carcinoma in
chronic hepatitis G (CHC) patients [2,3]. Hepatocytes are
considered to be the primary and major site of HCV replication;
however, extrahepatic manifestations are commonly seen in CHC
patients. For example, mixed cryoglobulinemia (MC), a systemic
immune complex-mediated disorder characterised by B cell
proliferation with the risk of evolving into overt B-cell non-
Hodgkin’s lymphoma (B-NHL), is frequently recognised in CHG
patients [4-6]. We have previously demonstrated the presence of
both HCV RNA and viral proteins in peripheral B cells of CHC
patients [7], although the mode of HCV infection and possible
HCV replication in peripheral B cells remains a matter of debate.
Furthermore, in the last two decades, an array of epidemiological
evidence has accumulated involving the association between HCV
infection and the occurrence of several hematologic malignancies,
most notably B-NHL {8], [9]. The most compelling argument for
a causal relationship between HGV and the occurrence of B-NHL
is made by interventional studies demonstrating that a sustained
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virologic response to antiviral treatments, including the interferon
a-induced regression of HCV-associated lymphomas and viral
relapse after the initial virologic response, led to lymphoma
recurrence [10]. However, the mechanisms underlying the cause-
and-effect relationship are mostly unknown.

One of the potential host factors involved in HCV-associated B-
NHL development is activator protein 1 (AP-1), which is primarily
composed of c-Jun, c-Fos, and JunB, while JunD or Fra-1, Fra-2
and FosB are involved less frequently [11]. AP-1 is involved in B
cell lymphomagenesis, is repressed by B cell lymphoma-6 [12] and
is inhibited by the overexpression of T cell leukaemia/lymphoma
1, which resulted in the enhancement of nuclear factor kappa B
(NF-xB) [13].

NF-kB is a ubiquitously expressed transcription factor that
regulates a wide array of cellular processes, including the immune
response, cell growth and differentiation [14,15]. The activation of
NF-xB is regulated by two distinct pathways termed the
‘canonical’ and the ‘alternative’ NF-xB signalling pathways.
Representative stimulators of the canonical and alternative
pathways are tumour necrosis factor «TNFo) and lymphotoxin
o and B (LTo and LTP), respectively [16]. Previous studies have
demonstrated that NF-xB is activated via both the canonical
[17,18] and alternative [19] pathways in chronic HCV infection
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[17,18] and HCV-related B-NHL [20]. However, the key NF-xB-
activating pathway involved in HCV-associated B-NHL remains
unknown.

TNFa-induced protein 3 (TNFAIP3), also known as A20, was
first identified as a TNF-induced cytoplasmic protein with zinc
finger motifs [21]. A20 has since been described as playing a
pivotal role in the negative regulation of inflammation by
terminating the canonical NF-kB signalling pathway [22-24].
Recently, A20 has gained attention as a novel tumour suppressor.
For example, A20 was reported to be frequently inactivated or
even deleted from mantle-cell lymphoma [25,26] and diffuse large
B-cell lymphoma (DLBCL) [27]. These findings raise the
possibility that inactivation of A20 is, at least partially, responsible
for lymphomagenesis [28-30]. Other investigators have subse-
quently confirmed these findings [27,31]. Moreover, A20 also
regulates antiviral signalling [32] as well as programmed cell death
[33-35].

microRNAs (miRNAs) play a role in controlling various
biological functions, including cell differentiation, growth regula-
tion and transcriptional regulation [36]. In general, the dysfunc-
tional expression of miRNAs is considered to be a common
hallmark of cancers, including lymphomas [37]. HCV has been
shown to influence miRNA expression i ziwo and i witro and
utilises the liver-specific microRNA miR-122 for its replication
[38]. The expression of miRNAs is also known to involve NF-kB
activation. For example, miR-125a and miR-125b, both of which
are often duplicated and/or overexpressed in DLBCL, were
shown to activate NF-xB by targeting the A20 [39] and NF-xB-
mediated dysregulation of miRNAs observed in lymphomal40].
Moreover, global miRNA expression profiling analysis revealed
miR-26b down-regulation in HGV-related splenic marginal zone
lymphomas (SMZL) [41]. The same miRNA was found to be
downregulated in peripheral blood mononuclear cells (PBMCs)
from HCV-positive MG and NHL subjects [42].

We recently established transgenic mice that express the full-
length HCV genome specifically in B cells (HCV-Tg mice) and
observed the incidence of non-Hodgkin type B-cell lymphoma
(BCL), primarily DLBCL, within 600 days after birth in
approximately 25% of the HCV-Tg mice [43]. This experimental
model is a useful tool for analysing the mechanisms underlying the
development of HCV-associated manifestations such as B-NHL.
To reveal the molecular signalling pathways responsible for HCV-
associated B-NHL development, we performed a comprehensive
molecular analysis of BCLs in HCV-Tg mice using a genome-wide
microarray. We also characterised miR-26b expression in BCLs
from HCV-Tg mice. Our results suggest that the activation of both
canonical and alternative NF-xB pathways is involved in HCV-
associated B-NHL development.

Materials and Methods

Ethics Statement

This study was carried out in strict accordance with both the
Guidelines for Animal Experimentation of the Japanese Associa-
tion for Laboratory Animal Science and the Guide for the Care
and Use of Laboratory Animals of the National Institutes of
Health. All experiment protocols were approved by the institu-
tional review boards of the regional ethics committees of
Kumamoto University (A22-136) and Kagoshima University
(H24-008).

Animal experiments
The full-length HCV genome (Rz) under the conditional Cre/
loxP expression system [44] with mice expressing the Cre enzyme
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under the transcriptional control of the B lineage-restricted gene
CD19 [45] was established as RzCD19Cre mice [43]. Wild-type
(WT), Rz, CD19Cre, RzCD19Cre mice (129/sv, BALB/c and
C57BL/6] mixed background) were maintained in conventional
animal housing under specific pathogen-free conditions. CD19Cre
and RzCD19Cre mice were bred to be heterozygous for the Cre
allele.

Isolation of B cells and their RNAs

Mouse B cells were isolated using MACS® beads (Milteny
Biotec, Bergisch Gladbach, Germany) and anti-CD19 antibody
(Beckton Dickinson, Franklin Lake, NJ). For FACS analysis, B and
T cell populations were characterised using FITC-conjugated anti-
B220 antibody (Milteny Biotec) and phycoerythrin (PE)-conjugat-
ed anti-CD3 antibody (Milteny Biotec) (Figure S1A). B cell purity
was routinely over 95%. Total RINA was extracted from the B cells
using the acid guanidine thiocyanate phenol chloroform method
[44,46]. The RNA integrity number was measured with an Agilent
2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA), and
samples with values over 8.0 were subjected to microarray analysis
(Figure S1B).

Microarray analysis

For microarray analysis, total RNAs were extracted, and RINA
integrity was assessed using a Bioanalyzer (Agilent Technologies).
cRNA targets were synthesised and hybridised with Whole Mouse
Genome Microarray (G4846A; Agilent Technologies), in accor-
dance with the manufacturer’s instructions. More than 2-fold
changes in gene expression were considered to be significant.
Array data were analysed using MetaCore  software (Thomson
Reuters Co., New York, NY). The results of microarray analysis

Table 1. Mice subjected to microarray analysis.

Mouse
Pairing genotype Mouse (No) Age (d) Sex Remarks
1 RZCD19Cre 241 -~ 748 male  HCV(+)BCL™
59-1 723 male
. 69—5 70 male .o
248-1 - 860 male HCV(+) B cell
seRs A male T
299-1 385 male
2 RCDISGre  307-2 212 male  HCV)Bael
i T L 307-3 : 21,2,; }n§|e e S
| RedBP/) 307 20 male
o 312~{ N ‘220' méh

femayle
RacDiSCre | female MO B Gl
X female
4Rz€DlQCre female
o e baa T feh%alév
Rz ife:ﬁa)gf

308-3 219

female

*BCL: B cell lymphoma; *4EBP(+/—): heterozygous knockout of 4E-BP1 gene
731
doi:10.1371/journal.pone.0091373.1001
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Figure 1. Data from array performed once with mixed RNA samples (Table 1) were analysed using MetaCore software. Signals were
analysed in the disease network (A) and in the process network (B) the values for the microarray data [(Feature number; yellow), (Process Signal (635);
blue), (Process signal (532); red), Test/Control (532/635); green], (Process Signal (635); orange), (Process signal (532); purple)] are indicated by coloured
bars. Abbreviations: BCL=B cell lymphoma. Refer to Table 1 for construction of pairings.

doi:10.1371/journal.pone.0091373.g001

were registered in the Gene Expression Omnibus (GEQO) database
under the accession number GSE54722.

Quantitative RT-PCR

c¢DNA was synthesised from 0.5 or 1 pg of total RNA with a
Superscript IT kit (Life Technologies, Carlsbad, CA). TagMan
gene expression assays were custom-designed and manufactured
by Life Technologies. RNA expression was quantified using the
ABI 7500 real-time PCR system (Life Technologies) or the CFX96
system (BioRad, Hercules, CA).

Western blot analysis

Whole-cell proteins were extracted using RIPA buffer. Protein
concentrations were determined using the BCA Protein assay Kit-
Reducing Agent Compatible (Pierce Biotechnology, Rockford, IL).
Samples (~10 pg) were loaded onto 10% SDS acrylamide gels,
and gels were then transferred to PVDF membranes (Merck
Millipore, Darmstadt, Germany). Membranes were blocked using
5% (w/v) non-fat milk for approximately 1 hour at room
temperature and were then sequentially probed with primary
and sccondary antibodies at 4°C overnight and at room
temperature for approximately 1 hour, respectively.

As primary antibodies, anti-A20 antibody (sc-166692; Santa
Cruz Biotech, Dallas, TX), anti-A20 antibody (SAB3500036;
Sigma-Aldrich, St. Louis, MO), anti-C3 antibody (D-19; Santa
Cruz Biotech), anti-Fos (sc-52; Santa Cruz Biotech), anti-c-Jun(IN)
(sc-45; Santa Cruz Biotech) and anti-GAPDH-HRP (sc-20357;
Santa Cruz Biotech) antibodies were used. Secondary antibodies
used were horseradish peroxidase-coupled donkey anti-rabbit Ig
(NA934; GE Healthcare, Buckinghamshire, UK) and horseradish
peroxidase-coupled sheep anti-mouse Ig (NA931; GE Healthcare).
Protein bands were detected and quantified using either Super-
Signal West Dura or Femto Extended Duration Substrate (Pierce
Biotechnology) with a LAS-3000 Image Analyzer (Fuji Film,
Tokyo, Japan). Stripping and re-probing of the Western blots were
performed using Re-blot plus mild antibody stripping solution
(Merck Millipore).

Histological preparation

Liver, spleen, thymus and lymph nodes were harvested from
HCV-Tg mice and fixed in 4% (wt/vol) paraformaldehyde in
phosphate-buffered saline (pH 7.5) at 4°C for 24 hours. After
fixation, samples were dehydrated in a graded ethanol series,
cleared in xylene and embedded in paraffin, and 4-pm semi-thin
sections were prepared using a carbon steel blade (Feather Safety
Razor Co., Osaka, Japan) on a microtome (Yamato Kouki, Tokyo,
Japan). Tissue sections were mounted on super-frosted glass slides
coated with methyl-amino-silane (Matsunami Glass, Osaka,
Japan). Histological images were acquired using an Olympus
BX53 microscope (Olympus, Tokyo, Japan) equipped with 10x/
0.30, 20x/0.50, 40x/0.75, and 100x/1.30 NA objective lenses.
Images were captured using an Olympus DP73 (Olympus) under
an Olympus FV1000 confocal microscope (Olympus).

Immunofluorescence

Anti-mouse NF-xB p65 antibody (Ab7970; Abcam, Cambridge,
UK) and anti-mouse B220 (14-0452-81; eBioscience, San Diego,
CA) were used as primary antibodies, and donkey anti-rat IgG-
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Alexa Fluor 488 [712-545-153; Jackson ImmunoResearch Labo-
ratories Inc. (JIR), West Grove, PA], donkey anti-rabbit IgG-Alexa
Fluor 488 (711-545-152; JIR), donkey anti-rat IgG-Cy3 (712-165-
153; JIR) and donkey anti-rabbit IgG-Cy3 (711-165-152; JIR)
were used as secondary antibodies. Staining was conducted as
described previously [47]. Briefly, antigen retrieval was performed
in a stecam pressure cooker with prewarmed antigen retrieval
buffer, citrate pH 6 (5203130; Dako, Glostrup, Denmark) at 95°C
for 15 min. After blocking with 3% bovine serum albumin in
phosphate-buffered saline, sections (4 pm) were incubated with
anti-NF-xB, -Ix-B, -B200 or -A20 antibodies at a 1:200 dilution
each at 4°C overnight. Sections were incubated with secondary
antibodies and anti-rat Alexa Fluor 488, -rabbit Alexa Fluor 488, -
rat Alexa Fluor 546, and -rabbit Alexa Fluor 546 at room
temperature for 2 hours. Nuclei were stained with Hoechst
333421 (H3570; Life Technologies).

Single assay stem-loop Q-RT-PCR/ miR-26b analysis

Formalin-fixed, paraffin-embedded (FFPE) splenic tissue from
24 animals (BCL HCV+, n=8; BCL HCV-, n = 5; non-tumorous
spleen HCV+/—, n=11) was selected for miR-26b expression
analysis. Total RNA was extracted using an RNeasy FFPE Kit
(Qiagen, Hilden, Germany) in accordance with the manufacturer’s
protocol. Single assay stem-loop Q-RT-PCR (TagMan Micro-
RNA assays, Life Technologies) was used to quantify miRNAs in
accordance with the manufacturer’s protocol. Total RNA input
for each reaction was 50 ng. Expression was analysed for hsa-miR -
26b and an endogenous control (snoRINA202). Each sample was
analysed in triplicate, and delta C, values were calculated using
endogenous controls.

Statistics

For statistical analysis of NF-xB localisation, approximately 30—
100 cells were randomly selected from each section area (two
sections were used), and the cells double-positive for NF-xB and
B220 were counted. All statistical analyses were performed using
Prism software, version 5 (GraphPad, San Diego, CA). All
experiments were independently performed three times, and a
two-tailed Student #test was applied to verify whether the results
were significantly changed compared to the control (P<<0.05).

Results

Characterisation of gene expression in B cells from HCV-
Tg mice by microarray analysis

We previously established HCV-Tg mice that develop sponta-
neous BCL with a high penetrance (approximately 25%) [43]. To
clarify the mechanisms of the HCV-associated B-NHL develop-
ment using this mouse model, we performed a comprehensive
gene expression analysis using a genome-wide microarray. B cells
were isolated from BCL-developing HCV-Tg mice (Table 1,
upper columns of pairing 1 and 3), from BCL-non-developing
HCV-Tg mice (lower columns of pairing 1 and 3 and upper
columns of pairing 2 and 4), and from BCL-non-developing HCV-
negative mice (lower columns of pairing 2 and 4). RNA was
purified from these B cells (Figure S1) and was characterised by
microarray analysis (data not shown). In B cells isolated from BCL-
non-developing HCGV-Tg male mice, 455 and 863 genes were up-
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Figure 2. The expression of genes involved in oncogenic pathways associated with BCL. A: Highly modified gene signals in B cell
lymphoma in RzCD19Cre mice BCL vs. B cells in RzCD19Cre male (Pair 1) or female (Pair 3) mice (left), and the genes modified by HCV expression in B
cells in male (Pair 2) or femnale (Pair 4) {right). Red indicates the relative enhancement of the expression ratio of the processed signal (Test/Control,
532/635), and green indicates the relative reduction of expression. B: Quantification of Fos mRNA in HCV-, HCV+ B cells and HCV-Tg BCL in mice
(numbers of individual mice were indicated) by quantitative RT-PCR. Fos mRNA was normalised against 185 rRNA, and the relative ratio was
calculated. Vertical bars indicate S.D. €: Quantification of C3 mRNA in HCV-, HCV+ B cells and HCV-Tg BCL in mice. C3 mRNA was normalised against
18S rRNA, and relative ratio was calculated. Vertical bars indicate S.D. D: Quantification of LT BR mRNA in HCV-, HCV+ B cells and HCV-Tg BCL in mice
by quantitative RT-PCR. RNA copies per total RNA (ug) were indicated and vertical bars indicate S.D.

doi:10.1371/journal.pone.0091373.g002

and down-regulated, respectively, compared with the HCV-
negative counterparts (Table 1, pairing 2); whereas 133 and 331
genes were up- and down-regulated, respectively, in BCL-non-
developing HCV-Tg female mice (Table 1, pairing 4). Further-
more, 1,682 and 2,383 genes were up- and down-regulated,
respectively, in BCL-developing HCV-Tg male mice compared to
their BCIL-non-developing counterparts (Table 1, pairing 1);
whereas 2,089 and 2,565 genes were up- and down-regulated,
respectively, in BCL-developing HCV-Tg female mice (Table 1,
pairing 3).

Metacore analysis of microarray results
In order to characterize the cellular processes affected by the

gene expression changes, we carried out a pathway analysis of

microarray data of pairings 1-4 (Table 1) using MetaCore
software. This data mining revealed that lymphoma, leukaemia, B
cell lymphoma, and lymphatic disease pathways were appreciably
modified in pairings 1 and 3 with high frequency (Figure 1a). In
pairings 2 and 4, the modifications involving wound healing and
infection pathways were highlighted, respectively. In the process
network, the cell cycle and immune response (B cell receptor, T
cell receptor, and IL-2) pathways were greatly modified in pairings
1 and 3 (Figure 1lb). The immune response (complement,
macrophage, IL-2, and IL-3 in group 2; Th1 and Th2 in pairing),
protein folding (in pairing 2), and cell cycle (in pairing 4) pathways
were also modified.

Dysregulated genes in HCV-associated B-cell lymphoma

In addition to the pathways analysis, we also carefully examined
the expression of genes involved in oncogenic pathways associated
with BCL. Expression of Fos, Fosb, Jun and Junb was markedly
down-regulated in BCL obtained from HCV-Tg mice (Figure 2a).
Similarly, the expression of A20 and LTP was greatly down-
regulated in BCL (Figure 2a). In contrast, the expression of the
LTPB receptor (LTBR), the IL-2 receptor a(IL-2Ra, IL-2RP and
complement C3 was up-regulated in the examined BCLs
(Figure 2a). While alterations in the gene expression of LTa and
IL-2RB differed between males and females, the overall mRINA
expression profile in the BCL analysed from HCV-Tg mice
essentially showed no differences between male and female mice.
In addition, clinically, there was no clear gender priority in HCV-
NHL [48-50]. These results suggest that the molecular signalling
pathways leading to HCV-associated B-NHL development are
common to males and females.

In non-tumorous B cells from BCL-non-developing HCV-Tg
male mice, the expression of LTPR and C3 was up-regulated
when compared with HCV-negative counterparts (Figure 2a). In
contrast, in female counterparts, the expression of LTBR and
complements Clqga, ¢, and ab was down-regulated (Figure 2a,
Pair. 4). These results suggest that the impact of HCV infection in
B cells may be different between males and females.

PLOS ONE | www.plosone.org
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Expression of Fos, C3, and LTBR genes in HCV-associated
BCL

In order to validate the microarray results, levels of Fos and C3
mRNAs were quantified by real-time PCR. Striking down-
regulation of Fos gene expression was observed in BCLs from
HCV-Tg mice (Figure 2b). In contrast, C3 mRNA expression was
markedly up-regulated in BCLs from HCV-Tg mice (Figure 2c).
These results were consistent with the microarray data (Figure 2a,
GEO accession number GSE54722). Similarly, the mRNA
expression of the LTBR gene was significantly increased in
HCV-associated BCLs (Figure 2d), confirming the microarray
analysis results (Figure 2a). Importantly, these changes occurred in
both male and female mice.

A Control
1 2 3

HOViumor{-) HOViumor(+)
8§ 8 7 8 810 11 12 13

p=0.038

2.0
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Normal  HCV/ HCV/

tumor(-)  tumor(+)

Figure 3. The expression of A20 in HCV-associated BCL. A:
Expression levels of A20 in the spleen from RzCD19Cre mice with or
without BCL. Whole-tissue extracts prepared from the spleen in
CD19Cre mice (control, n=3; lanes 1-3 217-2, 2 224-2, 224-3),
RzCD19Cre mice without BCL (HCV/Tumour(-), n=5; lanes 4-8 217-3,
224-4, 232-3, 254-4, 240-2) and RzCD19Cre mice with BCL (HCV/
Tumour(+), n=5; lanes 9-13 24-1, 56-5, 69-5, 59-1, 43-4) were
subjected to SDS-PAGE and were analysed by immunoblotting using
anti-N terminal (A20N), anti-C terminal A20 (A20C), and anti-GAPDH
antibodies. GAPDH was used as protein loading control. B: Quantitation
of A20 (N and C), the average is indicated and statistical analysis was
performed. Vertical bars indicate S.D.
doi:10.1371/journal.pone.0091373.g003
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Figure 4. Double immunofliuorescence localisation of B220 (Green) and NF-xB p65 (Red) in HCV-Tg mice and the fractionation
analysis of mouse tissues. A: Co-localisation of NF-kB p65 immunoreactivity with B220 is indicated by arrows. (a~b) Cells double-positive for B220
and NF-kB in the control mouse (CD19cre). (c-d) Cells double-positive for B220 and NF-kB in the asymptomatic HCV-Tg mouse (RzCD19c¢re). (e-f)
Cells double-positive for B220 and NF-xB in the lymphomatous HCV-Tg mouse (RzCD19cre). B: Quantitative analysis of the ratio of double-positive
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