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Figure 5. Evaluation of I vaccine with QGP and cluster analysis. A) Relative gene expression in HAv-treated rat lungs to
Gapdh is indicated in the bar graph. B) Hierarchical clustering analysis with biomarkers could predict differences in HAv manufacturers as B is located
in a separate cluster from other HAvs.
doi:10.1371/journal.pone.0101835.g005

using bDNA  technology in conjunction with multi-analyte cvaluated all probes with the same sample. Each biomarker
magnetic beads to provide the detection and quantitation of reacted in a dose-dependent manner (Figure 1B) cxcept Ngfr and
multiple mRNA targets simultaneously. bDNA technology is a Npel. Therefore, 20 ng of RNA sample was used for multiplex
hybridization-based methodology that uses labeled DNA probes to gene detection. All biomarkers except f2m reacted in a dose-
amplify the signal rather than the target mRNA. Here, we dependent manner. f$2m was saturated when using 20 ng RNA
produced probes for 20 genes and two control genes (Aeth and sample; thus 2m could not be used for QGP analysis.

Gapdh) for the one-step detection and quantification of these

biomarkers. To check the sensitivity of probes and dynamic range Validation of QGP with real-time PCR

of our biomarkers, we prepared 0.02, 0.2, 2 and 20 ng total RNA To validate QGP, we performed real-time PCR analysis using
samples from WPv and SA-treated rat lungs and performed QGP the same samples. As a result, most biomarker gene expression
analysis. Two control genes and two biomarkers (B2m and C2)  data from the QGP correlated with the real-time PCR result
reacted in a dose-dependent manner (Figure 14). We re- except for f2m, Npcl (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 Cxell1, Cxcl9, Zbpl, Mx2, Irf7 and Lgals9 as a “Grade 17
gene set where relative expression levels in HAv compared with
‘WPv were less than 10%. Likewise, we classified Ifi47, Tapbp, Csf1,
Timpl, Trafd], Lgals3bp and Psmb9 as a “Grade 2” gene set where
relative expression levels were less than 20% and C2, Tap2, Ifrd]
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 seasonal 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 guinea pigs) was varied. To evaluate these
differences, we performed ATT and checked the body weight
changes of rats after 7.p. 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, Psmb9 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 C2 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, Cxcl9, Timpl
and Trgfdl 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.

doi:10.1371/journal.pone.0101835.9007

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 salety
and toxicity. Despite applying these tests that evaluate whole
virion-derived influenza vaccine from HAwv, it is diflicult 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, If7
and C2 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).

PLOS ONE | www.plosone.org

64

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 cffects, afier 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 H5NI
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
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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 ILgals3bp, 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.go.jp/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 {lu 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 efficacy [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, recent 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 correlated with antibody responses in
humans [23]. Wei et al. reported gene 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
ZBPI [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, OASI and IRF7
[26]. More recently, Franco et al. reported 20 genes, including our
biomarkers, 7AP2 and 0A4SI, 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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Introduction virologic response to antiviral treatments, including the interferon
o-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 ¢: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

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 C (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 is inhibited by the overexpression of T cell leukaemia/lymphoma

proliferation with the risk of evolving into overt B-cell non- 1, which resulted in the enhancement of nuclear factor kappa B
Hodgkin’s lymphoma (B-NHL), is frequently recognised in CHC (NF-xB) [13].

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
HCYV 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,

NF-xB 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-kB 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 o TNFe) and lymphotoxin
most notably B-NHL [8], [9]. The most compelling argument for o and B (LTa and LT), respectively [16]. Previous studies have
a causal relationship between HCV and the occurrence of B-NHL demonstrated that NF-xB is activated via both the canonical

is made by interventional studies demonstrating that a sustained [17,18] and alternative [19] pathways in chronic HGV infection
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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 desceribed as playing a
pivotal role in the negative regulation of inflammation by
terminating the canonical NF-xB 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 subsc-
quendy confirmed these findings [27,31]. Morcover, A20 also
regulates antiviral signalling [32] as well as programmed cell death
[38~35].

microRNAs (miRNAs) play a role in controlling various
biological functions, including ccll 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]. FICV has been
shown to influence miRNA expression in zivo and in vitro and
utilises the liver-specific microRNA miR-122 for its replication
[38]. The expression of miRNAs is also known to involve NF-xB
activation. For example, miR-125a and miR-125b, both of which
are often duplicated and/or overexpressed in DLBCL, were
shown (o activate NF-xB by targeting the A20 [39] and NF-xB-
mediated dysregulation of miRNAs observed in lymphoma[40].
Moreover, global miRNA expression profiling analysis revealed
miR-26b down-regulation in HCV-related splenic marginal zone
lymphomas (SMZL) [41]. The same miRNA was found to be
downregulated in peripheral blood mononuclear cells (PBMCs)
from HCGV-positive MC 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 Usc 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 lincage-restricted gene
CD19 [45] was established as RzCD19Cre mice {43], Wild-type
(WT), Rz, CD19Cre, RzCD19Cre mice (129/sv, BALB/c¢ and
C57BL/G] 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 MACGS® beads (Milteny
Biotee, 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-
cd anti-CD3 antibody (Milteny Biotec) (Figure SIA). B cell purity
was routinely over 95%. Total RNA 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 Technologics, 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 RNA
integrity was assessed using a Bioanalyzer (Agilent Technologics).
cRNA (argets were synthesised and hybridised with Whole Mouse
Genome Microarray (G4846A; Agilent Technologics), 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 RaDloCre 24 ' HCVEBCLY

RzCD19Cre

RzCD! ,\9‘Crei

male
female HCV(HBCL

female

. RecDisCre 308 female  HCV(H B cell
female
" HOV() B cell

female

*BCL: B cell lymphoma; "4EBP(+/—): heterozygous knockout of 4E-BP1 gene
[731.
doi:10.1371/journal.pone.0091373.t001
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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.

dol:10.1371/journal.pone.0091373.9g001

were registered in the Gene Expression Omnibus (GEO) database
under the accession number GSE34722,

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 Lifc 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 bufler. Protein
concentrations were determined using the BCA Protein assay Kit-
Reducing Agent Compatible (Pierce Biotechnology, Rockford, I1).
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-cJun(N)
(sc-49; Santa Cruz Biotech) and anti-GAPDH-HRP (s¢-20357;
Santa Cruz Biotech) antibodics were used. Sccondary antibodies
used were horseradish peroxidase-coupled donkey anti-rabbit Tg
(NA934; GE Healthcare, Buckinghamshire, UK) and horseradish
peroxidase-coupled sheep anti-mouse Ig (NA931; GE Healthcare).
Protein bands were detected and quantified using cither 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) paraformaldchyde in
phosphate-buffered saline (pH 7.5) at 4°C for 24 hours. After
fixation, samples were dehydrated in a graded cthanol series,
cleared in xylenc and embedded in paraflin, and 4-pum 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 10 x/
0.30, 20x/0.50, 40%/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 ImmunoRescarch 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 stcam pressurc cooker with prewarmed antigen retrieval
bufler, citrate pH 6 (5203130; Dako, Glostrup, Denmark) at 95°C
for 15 min. After blocking with 3% bovine serum albumin in
phosphate-buflered saline, sections (4 pun) were incubated with
anti-NF-xB, -Ik-B, -B200 or -A20 antibodies at a 1:200 dilution
cach at 4°C overnight. Sections were incubated with sccondary
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 howrs. Nuclei were stained with Hoechst
333421 (H3570; Life Technologics).

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

Formalin-fixed, paralfin-embedded (FFPE) splenic tissue from
24 animals (BCL HCV+, n = 8; BCL HCV-, n = 5; non-tumorous
spleen HCV+/—, n=11) was sclected 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, Lile Technologies) was used to quantify miRNAs in
accorcdlance 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 (snoRNA202). Each sample was
analysed in triplicate, and delta G values were calculated using
endogenous controls.

Statistics

For statistical analysis of NF-xB localisation, approximately 30—
100 cells were randomly sclected from each section arca (two
sections were used), and the cells double-positive for NF-kB and
B220 were counted. All statistical analyses were performed using
Prism soltware, 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 I,
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 HCV-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 female (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 5.0, C: Quantification of €3 mRNA in HCV-, HCV+ B cells and HCV-Tg BCL in mice. C3 mRNA was normalised against
185 rRNA, and relative ratio was calculated, Vertical bars indicate $.D. D: Quantification of LT BR mBNA in HCV-, HCV+ B cells and HCV-Tg BCL in mice

by quantitative RT-PCR. RNA copies per total RNA (jig) were indicated and vertical bars indicate S.D.

dol:10.1371/journal.pone.0091373.9002

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 BCL-non-developing  counterparts (Table |, pairing 1)
whereas 2,089 and 2,565 genes were up- and down-regulated,
respectively, in BCL-developing HGV-Tg female mice (Table |,
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, leukacmia, B
cell lymphoma, and lymphatic disease pathways were appreciably
modified in pairings 1 and 3 with high frequency (Figure la). In
pairings 2 and 4, the modifications involving wound healing and
infection pathways were highlighted, respectively. In the process
network, the cell eycle and immune response (B cell receptor, T
cell receptor, and IL-2) pathways were greatly modified in pairings
I and 3 (Figure Ib). The immune response (complement,
macrophage, IL-2, and IL-3 in group 2; Thl 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 carcfully 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 LTB was greatly down-
regulated in BCL (Figure 2a). In contrast, the expression of the
LT receptor (LTPR), the IL-2 receptor oIL-2Re, 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 mRNA
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 Clga, ¢, 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.
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Expression of Fos, C3, and LTPR 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 gence 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,
GEQ accession number GSE54722), Similarly, the mRNA
expression of the LTBR gene was signiflicantly incrcased 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

HCV/itumor(-)
6 7

HCV/tumor(+)

p=0.038

2.0n
1.5} T
1.0

0.5¢

Ratio

0.0 ==

Normal  HCV/ Hev/
tumor(s}  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 immunofluorescence localisation of B220 (Green) and NF-kB 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 (RzCD19cre). (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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cells among B220-positive cells in each HCV-Tg mouse, Bar graph indicates the percentage of cells with NF-xB p65 nuclear translocation in 8220~
positive cells. C: Bar graph shows the ratio of double-positive cells within the B220-positive cells in normal, asymptomatic and lymphomatous HCV-Tg
mice. Ho: Hoechst33342 Data are presented as means & S.E, * P<<0.05, ** P<0.01, *** P<0.001. D: Western blot analysis: tissues from the spleen of
controls (224-2, 3) or HCV-Tg mice without BCL (217-3, 224-4, 232-3) or with BCL (56-5, 69-5) were fractionated into nuclear and cytoplasmic
fractions. NF-kB p50 and p65 were detected by antibodies. Relative ratios of quantitation by imager are indicated. GAPDH was detected as a loading

control of the cytoplasmic fraction.
doi:10.1371/journal.pone.0091373.9004

Expression of A20 in HCV-associated BCL

In order to further validate the microarray results, we assessed
A20 protein levels in BCLs isolated from HCV-Tg mice by
Western blotting (Figure 3a). Two distinet anti-A20 antibodies
recognising the N- (A20N) and C-terminal regions were used for
the detection of A20. Regardless of the anti-A20 antibodies used,
expregsion levels of A20 in BCL from HCV-Tg mice (Figure 3a,
lanes 9 to 13) were markedly decreased when compared to
splenocytes obtained from ecither BCL-non-developing HCV-
negative mice (lanes 1 to 3) or from BCL-non-developing HCV-
Tg mice (lanes 4 to 8). Quantitative analysis showed a significant
decrease in A20 in BCLs obtained from HCV-Tg mice (Figure 3b).
These results strongly suggest that the reduced expression of A20 is
correlated with HCV-associated N-BHL development.

Nuclear localisation of NF-kB p65 in HCV-associated BCL

We next analysed the activation status of NF-kB by investigat-
ing the nuclear localisation of NF-xB p65 in cells positive for a B-
cell marker molecule, B220, in BCLs isolated from HCV-Tg mice
(Figure 4a). Quantitative analysis revealed that the ratio of cells
double-positive for B220 and NF-xB p65 in the nuclei of the
examined BCLs was significantly higher than the ratio in splenic
tissuc obtained from either BCL-non-developing HCV-negative
mice or from BCL-non-developing HCGV-Tg mice (Figures 4b and
c). The fractionation assay showed that more NF-xB p50 and p65
were present in BCLs from HCV-Tg mice (Figure 4d). These
results indicate the activation of NF-kB in HCV-associated BCL.

Expression of miR-26b in HCV-associated BCL

Recent studies have demonstrated that miR-26b is down-
regulated in hepatocellular  carcinoma  [31], nasopharyngeal
carcinoma [52], primary squamous cell lung carcinoma [53] and
squamous cell carcinoma of the tongue [54]. In addition, miR-26b
was down-regulated in HCV-positive SMZL when compared with
HCV-negative counterparts [41] and in the PBMC of HCV-
positive MC and NHL patients [42]. Therefore, we compared the
expression levels of miR-26b in BCL from HCV-Tg mice with
BCL from HCV-negative mice (i.c., spontaneously developed
BCL) or in splenic tissue from BCL non-developing HCV-positive
and -negative mice (Figure. 5). Interestingly, miR-26b expression
was significantly down-regulated in BCLs from HCV-Tg mice.
These results indicate that miR-26b is also down-regulated in
HCV-associated BCL.

Discussion

In the present study, we identified differentially expressed genes
in BCLs examined from HCV-Tg mice using a genome-wide
microarray (Figures | and 2a, Table 1, and Figure S2). The
microarray results for representative genes were validated at the
RNA (Figures 2 and 5) and protein (Figures 3 and 4) levels. These
findings helped dissect the molecular mechanisms underlying
HCV-associated B-NHL development.

In the BCLs from HCV-Tg mice, the marked down-regulation
of the Fos gene as well as other AP-1 protein genes (Fosb, Jun and
Junb) was observed. Although AP-1 DNA binding activity was
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observed in Hodgkin-/multinuclear Reed-Stemberg cells and
tissues from classical Hodgkin’s discase, non-Hodgkin cell lines
lacked the DNA binding activity of AP-1 [55]. Junb was weakly
expressed in non-Hodgkin lymphomas of B-lymphoid origin;
however, strong expression has been  previously found in
lymphomas that originated from the T-lymphoid lincage, and
Junb sclectively blocked B-lymphoid but not T-lymphoid cell
proliferation ex vivo [56]. The BCL that developed in HCV-Tg
mice was the non-Hodgkin type [43]; therefore, the decrcase in
AP-1 protein levels (Fos, Fosb, Jun, and Junb) may be crucial for
lymphoma development.

In our previous study, soluble IL-2Ra levels were increased in
BCL-~developing HCGV-Tg mice [48] Therefore, the up-regulation
of IL-2Ro(Figure 2a) is potentially linked to the increase of soluble
IL-2Ro, although further investigation is nceded to clarify the
details of this mechanism.

Expression of complement component C3 was significantly
increased in BCLs isolated from HCV-Tg mice (Figure 2¢). The
presence of polymorphisms in complement system genes in non-
Hodgkin lymphoma [57} suggests the involvement of complement
in lymphoma development. The elevated C3 expression may be
induced by TNF-¢ [58]. In addition, C3a, which is a cleavage
product of 3, may contribute to the binding of NF-kB and AP-1
as shown previously [59].

The expression of LTPR, which is one of the key molecules in
the alternative NF-xB signalling pathway [16], was significantly
increased in BCLs from HCV-Tg mice (Figure 2d). HCV core
proteins were reported to interact with the cytoplasmic domain of
LTBR [60,61] and to cnhance the alternative NF-xB signalling
pathway [62]. The induction of LTBR by the HCV non-structural
protein NS5B, and HCV RNA-dependent RNA polymerase, was
also observed [63]. These findings suggest that the regulatory
pathways involved in HCV infection also play a role in HCV-
associated B-NHL development.

We observed several differences in the gene expression between
male and female mice. Male HCV-negative mice showed up-
regulation of LTBR and C3; however, female HGV-positive mice
featured the downregulation of LTo and up-regulation of TL-2RB.
Female HCV-Tg mice showed decreased overall survival in a
previous study [43] and the above-mentioned gene dysregulations
may contribute to this finding. However, the incidence of B-NHL
between male and female mice did not show marked differences in
the transgenic model {43]. Some clinical studies found gender-
specific differences in the incidence of HCV-associated B-NHL
and different effects of HCV on gene expression, which may also
be dependent on gender [64]. However, meta-analyses did not
provide consistent evidence for any gender preferences in HCV-
NHL [48-50].

The down-regulation of A20, which is a ubiquitin-editing
enzyme and tumour suppressor in various lymphomas [26], was
observed in BCLs from HCV-Tg mice (Figures 3a and 3b). A20
has been reported to interact with the TNF receptor associated
factor 2 (TRAF2), TRAF6, and the NF-kB essential modulator
(NEMO). A20 inhibits NF-xB activation-induced by TNFa or by
the overexpression of other proteins such as TRAF2 and receptor-
interacting protein serine/threonine kinase 1 (RIPKI) proteins
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Figure 5. Quantification of miR-26b in BCL from HCV-positive
and HCV-negative and non-tumour Tg mice. 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
analysed for miR-26b expression by single assay stem-loop Q-RT-PCT by
triplicate experiments. Data are shown as scatter dot-plots, and
horizontal bar depicts the mean; y-axis: delta Ct (inverted scale)
calculated in relation to endogenous control (snoRNA202). HCV-positive
lymphoma tissue: filled circles; HCV-negative lymphoma tissue: filled
squares; non-tumorous splenic tissue: filled triangles. P-values are
shown in the graph.

doi:10.1371/journal.pone.0091373.9005

[65]. RIPK3 contributes to TNFR1-mediated RIPK1-dependent
apoptosis and necroptosis [66]. RIPK2 (also known as RIP2) is
also involved in B cell lymphoma cell survival and mediates the
activation of NF-xB and MAPK pathways, associated with the
TNF receptor family [67]. Therefore, suppression of A20 activates
NF-kB by increasing nuclear translocation in tumour tissues.
Expression of miR-26b in BCLs obtained from HCV-Tg mice
was significantly down-regulated (Figure 5). miR-26b is also down-
regulated in numerous cancers, e.g., HCC [51], nasopharyngeal
carcinomas [52], primary squamous cell lung carcinomas [53}and
squamous cell carcinoma tongue [54]. In addition, c-Myc, which is
up-regulated in various cancer types, has been shown to contribute
to the reduction of miR-26a/b - expression [68]. Notably,
expression of miR-26b was significantly down-regulated in SMZL
arising in HCV-positive patients [41]. Although the mechanisms
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of miR-26b-mediated tumourigenicity regulation are not fully -
understood, previous reports [69] and the present study have
suggested a possible regulatory role of miR-26b in HCV-related
lymphoma. Several candidates are reported to be targets of miR-
26b. miR-26a and miR-26b are regulators of EZH2, which is the
PRC2 polycomb repressive complex, is overexpressed in multiple
cancers and is a target of the MYC oncogene [70]. In addition,
lymphoid enhancer factor (LEF)-1 [42] and Nek6 [41] are targets
of miR-26b. LEF-1 is a nuclear transcription factor that forms a
complex with B-catenine and T-cell factor and induces transcrip-
tion of cyclin DI and c-myc. Nek6 is a kinase involved in the
initiation of mitosis and is overexpressed in various tumours. The
phosphatase and tensin homolog gene (PTEN) is also the putative
target gene of miR-26b in adipogenic regulation [71] and cell
growth [72].

This report is the first to demonstrate the possible involvement
of networks of NF-kB, AP-1, complements and miR-26b in HCV-
associated B-NHL (Figure S2). A future study focusing on the
dysregulation of these networks and their modification by HCV
may provide valuable information on improving therapy for
HCV-associated B-NHL.

Supporting Information

Figure S1 A: B cells were isolated from mice using MACS beads
and anti-CD19 antibody. The population of B cells was confirmed
by staining with anti-B220 antibody. B: RNA integrity number
(RIN) was measured using an Agilent 2100 Bioanalyzer (Agilent)
for the estimation of purity.

(PDF)

Figure S2 Possible pathways involved in BCL develop-
ment. Both canonical and alternative NF-kB pathways
may play a role. Bold arrows indicate up-regulation or down-
regulation. NIK; NF-kB-inducing kinase.

(PDF)
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LETTERS TO THE EDITOR

First report of human immunodeficiency
virus transmission via a blood donation that
tested negative by 20-minipool nucleic acid
amplification in Japan

The Japanese Red Cross (JRC) blood centers screen
donated blood for infectious agents using serologic assays
and nucleic acid amplification testing (NAT). A multiplex
NAT for hepatitis B virus, hepatitis C virus, and human
immunodeficiency virus Type 1 (HIV-1) with a minipool
(MP) format comprising 50 seronegative samples was
started in 2000. During the implementation of the 50-MP-
NAT in 2003, HIV-1 was transmitted through fresh-frozen
plasma (FFP) from one blood donor during the window
period. To reinforce NAT screening, the pool size was
decreased to 20 in 2004. Since 20-MP-NAT implementa-
tion in 2004, we have found 19 donations that were sero-
negative but positive for HIVin the 20-MP-NAT. The rate of
HIV-infected donations that were positive only in the NAT
was approximately 1 in 2.7 million. No transfusion-
transmitted HIV infection (TT-HIV) has been reported in
Japan since the 20-MP-NAT was introduced.

In November 2013, anti-HIV was detected in a blood
sample from a repeat male blood donor aged in his
40s. Western blotting (New LAV Blot 1, Bio-Rad, Hercules,
CA), real-time reverse transcription-polymerase chain
reaction assay (Cobas TagScreen HIV, Roche, Basel, Swit-
zerland), and transcription-mediated amplification assay
using a kit (Procleix Ultrio ABD, Novartis Diagnostics,
Emeryville, CA) confirmed HIV-1 infection. A qualitative
NAT for HIV-1 (Cobas TagMan, Roche) detected a plasma
HIV-1 viral load of 4.7 x 10* copies/mL. A cryopreserved
sample of plasma from his previous donation in February
2013 was retested in accordance with the Japanese guide-
lines for lookback studies on blood products. Using indi-

80s. A pretransfusion sample and a posttransfusion
sample collected 9 months after transfusion were HIV
seronegative. The latter sample was also negative for HIV
RNA. The FFP was transfused 8 months after donation to a
male patient in his 60s, from whom a pretransfusion
sample was seronegative for HIV. Serologic tests and NAT
assay identified HIV-1 infection in this recipient at 34 days
after transfusion, and the plasma HIV-1 viral load was
1.1 x 10° copies/mL (Fig. 1).

The viral sequences determined in blood samples
from both the donor (postseroconversion donation) and
the FFP recipient differed by only one among 341 nucle-
otides in the env region (99.7% identity) and by four of
2800 nucleotides in the pol region (99.9% identity). Such
high genetic similarity among the sequences supported
the notion that HIV had been transferred from the donor
to the FFP recipient. Isolates of HIV-1 from the donor and
recipient were Subtype B, which is the most common
among individuals infected with HIV-1 in Japan. Major
antiretroviral drug-resistant mutations were not detected
in either the donor or the recipient. Sequencing the HIV-1
5-long terminal repeat, which was the target region of our
NAT screen, did not detect HIV-1 mutations that caused
false-negative NAT results.”

To estimate the HIV-1 viral load in the implicated
blood, the sensitivity of both the Cobas TagScreen HIV
and the Procleix was reassessed by probit analysis using
serial threefold dilutions (four replicates per dilution) of
postseroconverted plasma (4.7 x 10? copies/mL) from the
donor, which revealed that the 95% LOD of both NAT
screens was 10 copies/mL. The archived blood sample
from the implicated donation was reactive in the Cobas,
but not in the Procleix screen; therefore, we speculated
that the viral load in the donor plasma was approximately
at the detection limit of the two NATs. Thus, the estimated

vidual donation (ID-) NAT, the Cobas TagScreen HIV total amount of HIV-1 in the FFP (containing
(plasma input volume, 850 puL; 95%
limit of detection [LOD}, 24.3 TU/mL) February 2013
i ) Implicated donation

detected HIV-1 RNA in an archived Screening test November 2013
blood sarnple from his previous HIV antibody negative Post-seroconversion donation
d . h th Proclei 20-minipool NAT negative Screening test:

onation, whereas e rocienx Look-back study: HIV antibody positive
(plasma input volume, 500 pL; 95% Individual NAT positive/negative Plasma used for viral genetic analysis
LOD, 19.6 1U/mL) did not. Each of Blood d

nor
these NAT assays was performed as a ooc done
single test. The low plasma volume in November 2013
the archival sample did not allow for February 2013 Look-back study:
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Red blood cell (RBC) and FFP RBC recipi

m were red from the November 2013
€0 Ponents . prepare Look-back study:
previous donation and transfused October 2013 HIV positive
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Fig. 1. Timeline of blood donations, transfusions, and infections.
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approximately 240 mL of plasma) that caused TT-HIV was
fewer than 2400 copies.

The prevalence of HIV infections detected by NAT or
antibody screening among blood donors during 2012
was 1.3 per 100,000 donations, whereas the prevalence
among first-time blood donors has recently been five to
six per 100,000 donations. This figure exceeded the fre-
quency of individuals who were newly diagnosed with
HIV infection among the general population aged 15 to
64 years in 2012 (1.2 per 100,000).2 The donor described
herein was probably in the very early stage of HIV-1
infection at the time of the implicated donation. That
blood donation is being used for testing individuals with
high-risk behaviors for HIV transmission is a concern.
Questions given to blood donors about behaviors that
confer risk for HIV are probably not being answered pre-
cisely. Methods of confirming whether or not donors
understand the questions and the need to answer them
precisely need to be improved.

This report describes the first known case of TT-HIV
through a 20-MP-NAT-negative blood component in
Japan. Our results indicate that ID-NAT using even the
most sensitive methods available today might not detect
HIV-1 in window period donations. Transfusion with FFP,
but not RBC, compdnents resulted in HIV-1 transmission
in the TT-HIV case described herein. Similar cases with
differential HIV transmission via blood components have
been reported in other countries.” However, TT-HIV
arising via an ID-NAT-negative blood component has not
been identified in Japan or in any other country where
donated blood is screened by NAT for HIV. We estimated
that the risk of collecting a unit during the ID-NAT-
negative HIV-1 window period is 2.75 per 5.5 million
donations in Japan.® The JRC will introduce ID-NAT
screening in August 2014, which should further reduce
window period transmissions. However, even ID-NAT
might not completely eliminate the window period of
HIV-1 infection.

In the era of very high-sensitive ID-NAT or MP-NAT,
TT-HIV will arise mainly in patients transfused with com-
ponents with larger plasma volumes such as FFP and
apheresis platelets, because these components contain a
larger amount of HIV. Although pathogen inactivation
technologies might help to reduce residual risk, the intro-
duction of pathogen inactivation technology should be
determined after carefully considering the balance among
benefit, risk, and cost.
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N-Acetylcysteine for thrombotic
thrombocytopenic purpura: is a von
Willebrand factor-inhibitory dose feasible
in vivo? ,

We read with interest the recent report by Li and col-
leagues! describing the first apparent successful use of
N-acetylcysteine (NAC) in refractory thrombotic throm-
bocytopenic purpura (TTP). As we had previously
described a case of NAC failure in a refractory TTP case
that subsequently responded to bortezomib,? we sought to
clarify whether our NAC dosing protocol differed from
that utilized by Li and coworkers.!

As the only precedent for NAC dosing in TTP was pre-
clinical,® we too adapted a clinical acetaminophen over-
dose protocol.* Our patient received 150 mg/kg NAC as a
1-hour bolus, followed by 50 mg/kg over 4 hours and then
100 mg/kg over the next 16 hours for the first day of dosing
(with a cumulative exposure of 15 g in the first 24 hr).
Twice-daily plasma exchange could not be interrupted



TRANSFUSION COMPLICATIONS

Establishment of culture systems for Genotypes 3 and 4 hepatitis
E virus (HEV) obtained from human blood and application of
HEV inactivation using a pathogen reduction technology system

Takashi Owada,” Moe Kaneko,” Chieko Matsumoto,' Rieko Sobata,’ Masashi Igarashi,’” Ko Suzuki,?
Keiji Matsubayashi,® Kazuhiro Mio,” Shigeharu Uchida," Masahiro Satake," and Kenji Tadokoro'

BACKGROUND: It has been demonstrated that the
hepatitis E virus (HEV) can be transmitted via blood
transfusion, and the risk of HEV transmission via trans-
fusion has become a major global concern. An HEV
culture system for blood-derived HEV has been sought
to obtain valuable knowledge of the virus and the risk of
HEV infection through blood products.

STUDY DESIGN AND METHODS: We endeavored to
establish an HEV culture system using RNA-positive
blood specimens for Genotypes (G) 3 and 4 and
applied this system to evaluate tissue culture infectious
dose (TCID). We applied this method to investigate the
potential of the Mirasol pathogen reduction technology
(PRT) system (Terumo BCT) to inactivate live HEV in
contaminated platelet samples (PLTs). PLTs were
spiked with cultured HEV G3 or G4 and then treated
with the Mirasol PRT system. PLTs were examined
before and after the treatment for HEV load using
TCID fitration.

RESULTS: We successfully established two strains for
HEV production: the JRC-HE3 strain for G3 and the
UA1 strain for G4. The Mirasol PRT system expressed
more than 3 log inactivation for JRC-HE3 and more
than 2 log inactivation for UAT.

CONCLUSION: The Mirasol PRT system inactivated
greater than 2 to 3 logs of live HEV in PLTs and can
potentially be used to lower the possibility of blood-
borne HEV transmission. The G3 and G4 HEV inocula
identified in this study and the hepatoma cell culture
system provide a new means to assess HEV infectious
titer and to evaluate other pathogen reduction
strategies.
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he hepatitis E virus (HEV), the causative agent of

hepatitis E, was once believed to be transmitted

orally and to be particularly localized in develop-

ing countries and regions.'* However, a recent
report demonstrated that HEV is spreading throughout the
world, including industrialized nations.*' HEV can also be
transmitted by blood transfusion, and occasionally causes
severe hepatitis,*® so the risk of HEV infection via transfu-
sion has become a major global concern.

HEV is roughly classified into four genotypes (G1-G4).
Among these, G3 is the most widely distributed world-
wide, while G4 has a tendency to cause severe hepatitis
and is localized mainly in Asia.”® For these reasons, the
establishment of an HEV culture system, particularly for
G3 and G4, has long been attempted, because it would be
applicable to the assessment of technologies for blood
product safety and as a tool to elucidate the HEV infection
mechanism. Recently, two HEV cultivation systems using
two cell lines—human hepatoma cells (PLC/PRF/5 cells)
and human lung adenocarcinoma cells (A549 cells)—as
the hosts, with HEV specimens derived from the feces or

ABBREVIATIONS: cDNA = complementary DNA; G = genotype;
ORF = open reading frame; PRT(s) = pathogen reduction
technology (-ies); TCID = tissue culture infectious dose.
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serum of HEV-infected individuals, have been estab-
lished.®!® However, recent studies have demonstrated that
the viruses obtained from the blood have an envelope-like
structure that differs from the structure of those obtained
from feces.! Therefore, in our view, it was reasonable to
establish HEV cultivation systems using G3 and G4 HEV
commonly isolated in Japan, from HEV RNA-positive
blood specimens. Our aim was also to apply this system to
perform an assay of HEV infectious titer, referred to as a
tissue culture infectious dose (TCID), to evaluate the
infection risk of HEV through blood or plasma products.

Although the risk of HEV infection via transfusion is
now being recognized all over the world, an assay for viral
infectivity using HEV proliferated in a cultured cell line
originally isolated from HEV RNA-positive blood speci-
mens did not exist. In addition, an assessment of the
ability of a pathogen reduction technology (PRT) system
to inactivate HEV virus in blood samples had never been
performed before. We investigated the effect of the Mirasol
PRT system on cultured G3 and G4 HEV originally derived
from blood specimens and hereby report it.

MATERIALS AND METHODS
Establishment of HEV culture systems

HEV specimens

Ten plasma specimens and four serum specimens con-
taining G3 or G4 HEV were employed. Plasma and serum
were obtained from blood donors and patients who had
been confirmed to be HEV RNA positive. The viral concen-
tration of the specimens ranged from 10°¢ (HRC-HE21) to
107 (JRC-HE3) copies/mL. The accession numbers of
some specimens are also described in Table 1.

Cell culture and virus inoculation
The procedure for cell culture, HEV infection, and the
maintenance of HEV-infected cells has been discussed in

INACTIVATION OF CULTURED HEV USING PRT

a previous report by Okamoto.? Briefly, human hepatoma
cells (PLC/PRF/5 cells) and human lung adenocarcinoma
cells (A549 cells; Health Science Research Resources Bank,
Tokyo, Japan) were used in this assay. The cells were then
infected with 2.5 mL of viral specimens for 2 hours at 37°C
in a 5% CO, incubator. HEV-infected cells were main-
tained in a medium (maintenance medium) consisting of
a 1:1 mixture of Dulbecco’s modified Eagle’s medium
and medium 199 (Invitrogen, Tokyo, Japan), containing
2% heat-inactivated fetal calf serum, 30 mmol/L Mg*
(Wako Pure Chemical Industries, Ltd, Osaka, Japan), and
2.5 ug/mL amphotericin B (Wako Pure Chemical Indus-
tries, Ltd), and were cultured at 37°C in a humidified 5%
CO, atmosphere using 10 mL of maintenance medium.
Whole media were recovered weekly and replaced with
fresh maintenance media. HEV RNA copies in the recov-
ered media were quantified using real-time reverse
transcription-polymerase chain reaction (RT-PCR) analy-
sis. The method for HEV RNA quantification is summa-
rized below.

Confirmation of HEV infectivity against cells and
method for quantifying HEV TCID

The acquisition of HEV infectivity was confirmed by
detection of the viral progeny in the recovered cell culture
supernatant. Given the establishment of HEV infection,
the total number of viral RNAs existing in the recovered
medium was overwhelmingly larger than the originally
inoculated number. Viral TCID was investigated by limit-
ing dilution analysis. The original viral solution for which
the concentration of viral RNA (copies/mL) was already
determined was serially diluted tenfold. The maximum
dilution ratio against the original viral solution expressing
infectivity on host cells was examined. The number of
copies of HEV RNA required to express infectivity against
host cells was calculated using both the original viral RNA
concentration and the ratio of dilution.

TABLE 1. HEV specimens used for the establishment of the culture system
Log copies/mL (original GenBank Accession Number

HEV strain Source Genotype concentration of specimen) for 412 bp (full genome)
HRC-HE21 5.6 ABB870957
HRC-HE22 5.8 AB670958
HRC-HE30 5.6 AB670966
HRC-HES80 6.0 AB671016
HRC-HE104 6.7 AB602891 (ABB30970)
HRC-HE121 Plasma 3 6.6 AB671054
HRC-HE159 5.7 AB671092
JRC-HE1 6.8 AB434144
JRC-HE3 7.5 AB434146 (AB630971)
JRC-HE8 5.9 AB434151
UA1 7.2
UA2 6.9 .
UA3 Serum 4 58 Not determined
SA1 Not determined 6.2
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