Virology

Interference of picornaviruses with the IFN-system

Transcription
Endosome | Translation

B’

Secretion Signaling

P

ae)
z9

Antiviral
proteins

Cytoplasm

K {Cﬁadf/uk/e@y _C’Z’/M//Zf/zj/gy ¢€I‘0{I/J'
TR

Jaishideng® Www.wjgnet.com




W J

A peer-reviewed; online;, open-access jowrnal of virology

Virology

World Journal of

The World Journal of Virology Editorial Board consists of 137 members, representing a team of worldwide experts
in virology. They are from 41 countries, including Argentina (2), Australia (4), Austria (1), Barbados (1), Belgium
(1), Brazil (2), Bulgaria (1), Canada (4), Chile (1), China (24), Croatia (1), Egypt (1), Finland (2), France (5), Germany
(2), Greece (1), Hungary (1), India (3), Iran (1), Ireland (1), Israel (2), Italy (13), Japan (6), Kazakhstan (1), Mexico (1),
Netherlands (3), Pakistan (1), Palestine (1), Poland (1), Portugal (1), Romania (1), Saudi Arabia (1), Singapore (1),
Slovakia (1), South Africa (1), Spain (8), Sweden (1), Thailand (4), Turkey (1), United States (28), and Uruguay (1).

Editorial Board

2011-2015

EDITOR-IN-CHIEF
Ling Lu, Kansas
Xiaoli Lilly Pang, Edmonton

GUEST EDITORIAL BOARD
MEMBERS

Chi-Ho Chan, Taichung
Shih-Cheng Chang, Taoyuan
Hsin-Wei Chen, Miaoli County
Shun-Hua Chen, Tainan

Steve S Chen, Taipei

Reuben Jih-Ru Hwu, Jhongli
Cheng-Wen Lin, Taichung
Hsin-Fu Liu, New Taipei
Hung-Jen Liu, Taichung
Szecheng J Lo, Tao Yuan
Menghsiao Meng, Taichung

MEMBERS OF THE EDITORIAL
BOARD

Argentina

Angela Gentile, Buenos Aires
Pablo Daniel Ghiringhelli, Bernal

NN L7
L~

Australia
Bob Bao, Sydney

Jiezhong Chen, Wollongong
Russell ] Diefenbach, Westmead
Ian M Mackay, Brisbane

I
I Austria

Thomas Lion, Vienna

(49

Jguafs:;fe..g@ WJV | www.wjgnet.com

A
Barbados

Alok Kumar, Bridgetown

I I Belgium

Jan P Clement, Leuven

.
Brazil

Luciano Kleber de Souza Luna, Curitiba
José Paulo Gagliardi Leite, Rio de Janeiro

_ Bulgaria

Irena P Kostova, Sofia

I I ICanada

Ivan Brukner, Montreal
Jean-Frangois Laliberté, Laval
Honglin Luo, Vancouver

L chile

Marcelo Lépez-Lastra, Santiago

¥
x

China

Kun-Long Ben, Kunming
Paul KS Chan, Hong Kong
An-Chun Cheng, Ya'an

Shang-Jin Cui, Harbin
Xiao-Ping Dong, Beijing
Zai-Feng Fan, Beijing
Jean-Michel Garcia, Hong Kong
Wen-Lin Huang, Guangzhou
Margaret Ip, Hong Kong
Jian-Qi Lian, Xi‘an

Xin-Yong Liu, Jinan

Xiao-Yang Mo, Changsha
Chun-Fu Zheng, Wuhan

e
I Croatia

Pero Lucin, Rijeka

I
| Egypt

Samia Ahmed Kamal, Cairo

Anne Jadskeldinen, Helsinki
Irmeli Lautenschlager, Helsinki

I I France

Laurent Bélec, Paris

Christian Devaux, Montpellier
Wattel Eric, Lyon

Gilles Gosselin, Montpellier
Eric ] Kremer, Montpellier

Germany
Andreas Dotzauer, Bremen

June 12, 2012



(49

3.;[::;“9@ W]V | www.wjgnet.com June 12, 2012




/{/ (]‘ World Journal of
Virology

Contents Bimonthly Volume 1 Number 3 June 12,2012

EDITORIAL 71 Molecular and clinical aspects of hepatitis D virus infections
Shirvani Dastgerdi E, Herbers U, Tacke F

GUIDELINES FOR 79 Selection of RNAi-based inhibitors for anti-HIV gene therapy
BASIC SCIENCE Knoepfel S4, Centlivre M, Liu YP, Boutimah F, Berkhout B
REVIEW 91 Innate and adaptive immune responses against picornaviruses and their

counteractions: An overview

Dotzauer A, Kraemer L

(49

Boichideng>  WIV | www.wignet.com I June 12,2012 | Volume1 | Issue 3 |



Contents

World Journal of Virology
Volume 1 Number 3 June 12, 2012

ACKNOWLEDGMENTS I

Acknowledgments to reviewers of World Journal of Virology

APPENDIX 1

I-v

Meetings

Instructions to authors

ABOUT COVER

Dotzauer A, Kraemer L. Innate and adaptive immune responses against picor-
naviruses and their counteractions: An overview.

World J Viro/ 2012; 1(3): 91-107
http://www.wjgnet.com/2220-3249/full/v1/i3/91.htm

AIM AND SCOPE

World Journal of 1 irology (World | Virel, WJ17, online ISSN 2220-3249, DOI: 10.5501) is
a bimonthly peet-reviewed, online, open-access, journal supported by an editorial board
consisting of 137 experts in virology from 41 countries.

The aim of W]17is to report rapidly new theories, methods and techniques for
prevention, diagnosis, treatment, rehabilitation and nursing in the field of virology. W]~
covers topics concerning arboviral infections, bronchiolitis, central nervous system
viral diseases, DNA virus infections, encephalitis, eye infections, fatigue syndrome,
hepatitis, meningitis, opportunistic infections, pneumonia, RNA virus infections,
sexually transmitted diseases, skin diseases, slow virus diseases, tumor virus infections,
viremia, zoonoses, and virology-related traditional medicine, and integrated Chinese and
Western medicine. The journal also publishes original articles and reviews that report
the results of virology-related applied and basic research in fields such as immunology,
physiopathology, cell biology, pharmacology, medical genetics, and pharmacology of
Chinese herbs.

FLYLEAF I-11

Editorial Board

EDITORS FOR Responsible Assistant Editor: Yuan Zhou Responsible Science Editor: Jin-Lei Wang
Responsible Electronic Editor: Xiao-Mei Zheng Proofing Editorial Office Director: Jin-Lei Wang
TH IS ISSU E Proofing Editor-in-Chief: Lian-Sheng Ma
NAME OF JOURNAL Laboratory Medicine, University of Kansas Medical | PUBLICATION DATE
World Journal of Virology Center, Kansas City, 3901 Rainbow Blvd, WHE 3020, | June 12,2012
KS 66160, United States
ISSN COPYRIGHT
ISSN 2220-3249 (online) EDITORIAL OFFICE © 2012 Baishideng, Articles published by this Open-
Jin-Lei Wang, Director Access journal are distributed under the terms of the
LAUNCH DATE Warld Journal of Virolagy Creative Commons Attribution Non-commercial
February 12, 2012 Room 903, Building D, Ocean International Center, License, which permits use, distribution, and repro-
No. 62 Dongsihuan Zhonglu, Chaoyang District, duction in any medium, provided the original work is
FREQUENCY Bejing 100025, China propetly cited, the use is non commercial and is other-
Bimonthly “Telephone: +86-10-85381891 wise in compliance with the license.
EDITING Fax: +50-10 8535-1893 SPECIAL STATEMENT

Editorial Board of World Journal of Virology

Room 903, Building DD, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China

Telephone: +86-10-85381891

Fax: +86-10-85381893

E-mail: wiv@wignet.com

E-mail: wiv@wijgnet.com
http:/ /wwwwjgnet.com

PUBLISHER

Baishideng Publishing Group Co., Limited
Room 1701, 17/F, Henan Building,

No.90 Jaffe Road, Wanchai, Hong Kong, China

All articles published in this journal represent the
viewpoints of the authors except where indicated oth-
erwise.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.

wijgnet.com/2220-3249/¢_info_20100722180909.

http:/ /www.wignet.com Fax: +852-31158812 htm
Telephone: +852-58042046
EDITOR-IN-CHIEF E-mail: bpg@baishideng.com ONLINE SUBMISSION
Ling Lu, MD, PhD, Department of Pathology and | http://wwwwjgnet.com http:/ /wwwwijgnet.com/esps/
\2ni—:l:d!;n9® W]V | www.wjgnet.com I June 12,2012 | Volume1 | Issue 3 |




wJ

World Journal of
Virology

Online Submissions: http:/ /www.wjgnet.com/esps/
wjv@wijgnet.com
doi:10.5501/wjv.v1.i3.71

World | Virol 2012 June 12; 1(3): 71-78
ISSN 2220-3249 (online)
© 2012 Baishideng. All rights reserved.

EDITORIAL

Molecular and clinical aspects of hepatitis D virus infections

Elham Shirvani Dastgerdi, UIf Herbers, Frank Tacke

Elham Shirvani Dastgerdi, UIf Herbers, Frank Tacke, Depart-
ment of Medicine III, RWTH-University Hospital Aachen, Pau-
welsstrasse 30, 52074 Aachen, Germany

Author contributions: Shirvani Dastgerdi E and Herbers U con-
tributed equally to this work; all authors wrote the review article.
Correspondence to: Frank Tacke, MD, PhD, Department of
Medicine III, RWTH-University Hospital Aachen, Pauwelsstrasse
30, 52074 Aachen, Germany. frank.tacke@gmx.net

Telephone: +49-241-8035848 Fax: +49-241-8082455
Received: August 19,2011 Revised: May 12,2012
Accepted: May 20, 2012

Published online: June 12,2012

Abstract

Hepatitis D virus (HDV) is a defective virus with circular,
single-stranded genomic RNA which needs hepatitis
B virus (HBV) as a helper virus for virion assembly
and infectivity. HDV virions are composed of a circular
shape HDV RNA and two types of viral proteins, small
and large HDAgs, surrounded by HBV surface antigen
(HBsAg). The RNA polymerase 1 from infected hepato-
cytes is responsible for synthesizing RNAs with positive
and negative polarities for HDV, as the virus does not
code any enzyme to replicate its genome. HDV occurs
as co-infection or super-infection in up to 5% of HBsAg
carriers. A recent multi-center study highlighted that
pegylated interferon a-2a (PEG-IFN) is currently the
only treatment option for delta hepatitis. Nucleotide/
nucleoside analogues, which are effective against HBV,
have no relevant effects on HDV. However, additional
clinical trials combining PEG-IFN and tenofovir are cur-
rently ongoing. The molecular interactions between
HDV and HBV are incompletely understood. Despite
fluctuating patterns of HBV viral load in the presence of
HDV in patients, several observations indicate that HDV
has suppressive effects on HBV replication, and even
in triple infections with HDV, HBV and HCV, replication
of both concomitant viruses can be reduced. Additional
molecular virology studies are warranted to clarify how
HDV interacts with the helper virus and which key cel-
lular pathways are used by both viruses. Further clinical
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trials are underway to optimize treatment strategies for
delta hepatitis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The hepatitis D virus (HDV) causes chronic or fulmi-
nant hepatitis in patients, as a co- or super-infection in
hepatitis B virus (HBV) infected individuals"?. Experi-
mentally, the “delta virus” can also infect chimpanzees or
woodchucks who have already been infected with HBV
or woodchuck hepatitis virus (WHYV), respectively”.
HBV/HDV co-infection is a clinically very deleterious
condition as it commonly leads to progression of hepatic
fibrosis, cirrhosis and increase the risk of hepatocellular
carcinoma'”, The mechanism by which HDV promotes
hepatic malignancies are unclear, however it has been
shown that the virus has negative effects on hepatocytes’
growth and viability".

HDV, with a spherical shape and a virion size of 36
nm, is a satellite virus with a circular RNA of negative
polarity which requires obligatory a helper function to
propagate'”. This helper function is usually provided
through HBV by sharing its envelope proteins”. Some
in-vivo studies have shown that other Orthobepadnaviri-
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dae members like WHYV can also play the same role as
HBV®". There are some arguments that interactions be-
tween HDV and its helper virus might not be limited to
surface protein supplies, but also other unknown mecha-
nisms". With respect to the size of the genome (1679 bp
RNA), the rolling circle mechanism of replication and its
high GC nucleotide content, HDV is very unique among
animal viruses and looks very similar to viroids (a family
of helper-independent plant pathogens)".

VIRAL STRUCTURE

The HDV ribonucleoprotein (RNP) is surrounded by
a mixture of host cell-derived lipids and HBV surface
proteins (HBsAg)m. HDV has a small single stranded
RNA genome of 1679 nucleotids™”. Due to the high de-
gree of intramolecular base pairing in the HDV genome,
the RNA folds to an un-branched, rod like structure!"
HDV?s circular RNA forms a complex with two viral-
encoded proteins, small (195 amino acids) and large
(214 amino acids) HDV-antigens (HDAg-S or p24, and
HDAg-L or p27, respectively)[é’g’m. Delta proteins have
identical amino acids except for 19 additional residues at
the C-terminus of HDAg-L.".

The small delta protein acts as a trans-activator for
initiation of genomic RNA replicationm]. It also under-
goes post translational modifications like methylation,
acetylation and phosphorylation to mediate viral mRNA
transcription in its modified form""", HDAg-L is a late
protein which inhibits viral RNA replication and tran-

scription of viral proteins, interacts with HBV surface
[6.9,11]

antigens and accelerates the assembly of new vitions
The capacity of binding to HBsAg is not only limited to
HDAg-L protein but also occurs with HDAg-S. In fact,
in the presence of HDAg-S the packaging level of HDV
raises up to 3 to 4 fold”. Moreover, there is a conserved
molar ratio of delta antigen to HDV genomic RNA in
infected liver tissues as well as in HDV particlesm.

MOLECULAR INTERACTIONS BETWEEN
HBV AND HDV

HBY, with a 3.2 kb partial double stranded DNA, plays
the role of a HDV helper virus in HBV/HDV-infected
hepatocytes. From the four overlapping reading frames

in the HBV genome one encodes viral surface enve-
lope proteinsm. This region contains (from amino- to
carboxyl-end) the pre-S1 (119 aa), pre-S2 (55 aa) and S
(226 aa) domains"”. These domains encode the large (from
pre-S1, pre-S2 and §), middle (from pre-S2 and S) and
small (from S) HBV surface proteins which are all in the
same translational frame with different start codons (N-
terminals)®”.

Although the S-HBsAg alone is sufficient for virion
development due to its self-assembling trait (which most
of the time leads to empty envelope particle formation),
the presence of large HBsAg is necessary for both HBV
and HDV to infect other cells™”. In-vivo studies have
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shown that all three HBsAg proteins are present in HDV
particlesm. Delta proteins can bind to the S domain of
HBV envelope as well as the 1.4 region which is located
in the pre-S1 domain of HBsAg (amino acid residues
86-108). This is the same region which HBV core pro-
teins interact with"”.

The surface protein coding region of HBV overlaps
with polymerase encoding genes of HBV, so any mu-
tation in this region may affect both polymerase and
HBsAg activities”. In fact, mutations in the HBV poly-
merase gene that also affect correspondingly the HBV
surface antigen coding region, may therefore have effects
on HBV as well as on HDV replication efficacy. Not all
consequences of HBV mutations for HBV/HDV viral
replication are currently understood, but limited data exist
for some of the most common clinical variants (Table 1).
Effects of mutations within the HBV polymerase and
surface proteins on HDV secretion. LMV stands for La-
mivudine. Data are mainly derived from molecular inter-
action studies 7 vitrd®"™>'". While the lamivudine-resistant
mutant rtM204V improves HDV secretion, another re-
sistance-conferring mutant like rtM2041 (corresponds to
sW1961./S/stop) diminishes HDV production”; which
is due to the importance of the codon 196 in the HBV
surface antigen for HDV packaging[()’ls].

Mutations in C-terminal region of the envelope
proteins (especially between amino acid residues 163
to 224) can severely reduce HDV assembly"”. HBsAg
mutations, selected by antiviral agents, are also located
in this regionm. These mutations can affect the level of
HDYV virion secretion out of the cells in 7z-vitro experi-
mentslﬁ’m.

Although it is known that HBV/HDV-coinfected
patients have an unfavorable clinical outcome, the ex-
act role of HBV and HDV in liver disease progression
has been controversially discussed, because contrasting
results have been published about the role of each one
of the viruses'”'”. Some authors suggested that the
underlying HBV infection is aggravated by concomitant
presence of HDV in hepatocytes with synergistic delete-
tious effects on cell survival'>'"”" while others indicated
that HDV, which often suppresses HBV, is most criti-
cal for liver disease and malignant transformation™"'?.
From a molecular point of view, it is very likely that both
viruses do not replicate independent from one another,
but modulate each othet’s replication level and also
pathogenicitym. Suppressed HBV replication, but also
high or fluctuating loads of both viruses in the serum of
co-infected individuals have been reported[z’m. A recent
longitudinal study investigating quantitatively HBV and
HDV viral loads in co-infected patients showed that in
spite of cross-sectional studies, in which there is a signifi-
cant positive association between HBsAg level and HBV-
DNA or HDV-RNA, HBsAg has longitudinally fluctuat-
ing levels in the presence of HDV'", Apparently, there
is not always an inhibitory effect of HDV on HBV rep-
lication as sometimes HBV shows significant inhibitory
actions on HDV in HBV/HDV double infection as well.

June 12,2012 | Volume1 | Issue 3 |
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Table 1 Molecular interactions between hepatitis B virus and hepatitis D virus

HBV polymerase Corresponding Clinical relevance

Effect(s) on HDV

mutation(s) HBsAg mutation(s)

rtM204V sI195M(A) LMV resistance Enhanced HDV secretion
rtM2041 sW196L/S/stop LMV resistance S, L: no HDV secretion
rtD205H sW196F Selected during LMV treatment with reduced binding to anti-HBsAg antibodies =~ Reduced HDV secretion
rtV173L sE164D Selected during LMV treatment with reduced binding to anti-HBsAg antibodies =~ Reduced HDV secretion
rtV173L/rtM204V  sE164D/sI195M Selected during LMV treatment with reduced binding to anti-HBsAg antibodies ~ Support HDV secretion

LMV: Lamivudine; HDV: hepatitis D virus; HBV hepatitis B virus; HBsAg: HBV surface antigen.

This observation might be due to some changes in HBV
surface antigen region interacting with HDV"?. Overall,
the molecular mechanisms underlying HBV/HDV intet-
actions leading to the progression of the disease are still
uncertain and require intense further investigations.

PROTEIN MODIFICATIONS OF HDV

The level of HDV replication and pathogenicity is not
only influenced by interactions with HBV and HBV mu-
tants, but might be also impacted by modifications of the
HDV proteins as well. As such, some amino acid residues
in S- and L-HDAg appear to be critical for posttransla-
tional modifications™"". Of these residues Arg-13, Lys-72
and Ser-177 in S-HDAg undergo methylation“gj, acetyla-
on"”" and phosphorylationlzoj, respectivelyll’mj.

There are also multiple lysin residues throughout the
whole S-HDAg as well as 66 amino acids at the N-terminal
part of this protein which act as sumoylation sites of the
protein. Sumoylation is a reversible process which has
implications for cell cycle progression, nuclear import,
regulation of transcription, protein turnover and other
cell biology functions. In case of HDV, sumoylation
enhances G-RNA and mRNA synthesis by unknown
mechanism but has no effect on antigenomic RNA (AG-
RNA) synthesism.

In L-HDAg Cys-211 gets isoprenylated for virus as-
sembly“’ﬂ’zzj. Deletion of 15 amino acids upstream of
the isoprenylation site would also lead to the eradication
of viral replication[Z]J. Moreover, some mutants of HDV
have been observed which can only replicate in the pres-
ence of wild-type HDYV, called “defective” viruses™.

HDV REPLICATION

The replication cycle of HDV is schematically summa-
rized in Figure 1. N-terminal residues of Large Hepatitis
B surface antigen mediate the entry of HDV into the he-
patocytesmj. Once delta virus enters the cell it gets uncoat-
ed, and the accompanying S-HDAg leads the HDV nu-
cleoprotein complex to the cell’s nucleous"”"". HDV has a
mechanism of double rolling circle amplification. For this,
the virus needs an RNA-dependent RNA polymerase ac-
tivity which in the majority of RINA viruses, but not in the
case of HDV, is carried out by virally encoded enzymesl25J
Exceptionally, the delta hepatitis virus is capable of using
host RNA polymerases to amplify its genomeIZSJ.
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The HDV genomic strand undergoes RNA-depen-
dent RNA synthesis, more likely by nucleolar RNA-
POL-I"", to produce multimeric full-length intermediate
RNAs or AG-RNAs. These molecules then serve as tem-
plates for cellular RNA Pol-1I to generate HDV genomic
RNA again through another rolling circle step“”. Both
genomic and anti-genomic strands of HDV contain 85
nucleotides with ribozyme activity which enables the vi-
rus to self-cleavage and to ligate its circular RNAP. There
is also the possibility of producing small segments of
RNA transcripts, from both genomic and anti-genomic
HDV RNAs which have been consumed to contribute to
viral replication’.

Genomic RNA is also transcribed into an mRNA (0.8 kb)
which encodes the HDAgs“J. This step distinguishes
HDV from viroids since they do not produce any pro-
tein. This event has also been shown to take place in the
nucleus, the same place at which G-RNA synthesis hap-
pensm. It means that different cellular machineries are
mediating HDV genomic RNA/mRNA and HDV anti-
genomic RNA synthesis, which are localized in the nu-
cleus and nucleolus of the host cells, respecrjvely“’11’26’2 |
Modified small HDAg intermediates viral mRNA tran-
scriprjon[w’m.

During small HDAg production, an RNA editing
event happens at position 1012 by double-stranded RNA-
specific adenosine deaminase™, resulting in alteration of
the stop codon of the HDAg-S open reading frame (ORF)
and translation extension for additional 19 amino acids'""
This edition is very essential for the virus since it creates
an ORF for the large delta antigen to be translated™. The
extra 19 amino acid sequence of p27 is pootly conserved
among different HDV isolates. However a CXXX motif
inside this region causes prenylation of the protein, facili-
tates protein-protein interactions and directs it to the host
cell membrane™. Defective mutants of this motif are
not able to interact with HBsAgs and to be packagedlzg’zgj.
Expression of L-HDAg initiates interactions with HBV
surface proteins and HDV RNP encapsidationlg’m.

TREATMENT OF DELTA HEPATITIS

Chronic hepatitis D, “delta hepatitis”, principally demands
effective therapy, due to the adverse natural history of
chronic HDV infection with mote severe liver disease,
rapid progression to cirrhosis, increased hepatic decom-
pensation and higher mortality rates compared to HBV
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Figure 1 Hepatitis D virus life cycle in hepatocytes in the presence of hepatitis B virus. Schematic summary of the current concept of hepatitis D virus (HDV)
replication cycle. The entry of HDV particles into hepatocytes is mediated by the attachment of hepatitis B virus (HBV) surface antigens coating HDV nucleoprotein to
the host cell receptors, followed by endocytosis and uncoating of the virions (1). HDV nucleoprotein complex is leaded to the nucleus by accompanying S-HDAg, then
the complex arrives to the nucleolus where RNA Pol I exists (2). Multimeric full-length antigenomic RNAs (AG-RNAs) are transcribed from HDV genomic RNA, likely
by RNA Pol 1. Circular AG-RNA molecules which are created by ribozyme activities of AG-RNA itself move to the nucleoplasm (3). AG-Strands serve as templates
for RNA Pol I (4). RNA Pol I starts generating mRNA from genomic strands (5a) and full-length transcripts from AG-strands (5b). 6: Due to RNA editing at position
1012 of S-HDAg exerted by double-stranded RNA-specific adenosine deaminase, the open reading frame of these mRNA molecules extends for additional 19 amino
acids, which lead to the production of Large delta antigen (6). mMRNA molecules coding for small and large delta antigens move to the cytoplasm and are translated to
relevant proteins (7,8). Small delta antigens activate genomic RNA replication (7), while large proteins promote virion assembly (8). Viral proteins form nucleoprotein
complexes with HDV genomic RNAs (9). L-HDAg in HDV ribonucleoprotein complex interacts with existing HBV surface proteins in the cell (10). After HDV encapsida-
tion by HBV surface proteins (11), complete virions leave the cell through exocytosis (12). HBV surface proteins bud through the endoplasmic reticulum or golgi body
membranes of the host cell (A).

monoinfection™, However, the therapy of chronic years accompanied with anti-HBs seroconversion. This
hepatitis D infection is a major challenge, because there was attended by improvement of liver histology (initially
is no specific virus inhibitor. At the moment, there is cirrhosis, after 10 years no abnormalities)””. Interestingly
only one approved therapy with IFN ¢ or PEG-IFN q, Yurdaydin e# o/ could not find a benefit for IFN treat-
respectively, available™. A lot of different substances ment over 2 years instead of 1 year. However long-term
have been investigated; Table 2 gives an overview of the data (12 years) showed a benefit of high-dose IFN o
results of selected major clinical trials. therapy (9 million units three times per week) with even
The recent standard therapy for delta hepatitis is regression of advanced hepatic fibrosis™.
PEG-IFN, administered 180 pg s.c. once per week for Due to the advantageous pharmacodynamics and

a period of 48 wk. Traditionally, conventionally IFN pharmacokinetics, PEG-IFN clearly provided a benefit
proofed to be effective in chronic hepatitis D in the early in HDV therapy. In 2006 three small studies could show

19905, Also, a placebo-controlled trial reported in effectiveness for this type of treatment'" ), but neverthe-
2005 could show a benefit for conventional IFN in a less SVR rates remained low (17% to 43%) overall. In a
small cohort™. But nevertheless response rates in mat- multicentre randomised landmark trial published in 2011,
ters of sustained virological responses (SVRs) are low Wedemeyer ¢z al*" achieved 28% SVR. These differences
and therapy efficacy seems to be proportional to the in SVR rates compared to prior smaller trials might be
dose and duration of treatment”". In a single case with a due to baseline clinical, demographical and virological
12-year permanent therapy with 5 million units IFN daily characteristics”™. Farci®” proposed to divide patients

a HDV RNA clearance could be achieved after several into IFN responders and non-responders. Additionally,
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Table 2 Selected clinical trials on delta hepatitis therapy

Ref. Drug used Dosage No. of Main result (s)
patients
included
Garripoli Ribavirin monotherapy 15 mg/kg for 16 wk 9 Ribavirin did not show significant antiviral
et al™! 1994 effects in chronic hepatitis D
Wolters LAM + IFN add-on LAM 100 mg at least for 24 wk; afterwards 8 Neither LAM alone nor the addition of IFN
et al*”, 2000 combination therapy with IFN 9 MU/ d for was capable of reducing HDV
4 wk, followed by 9 MU 3 times/wk for 12 wk
Yurdaydin Famciclovir 500 mg for 6 mo 15 Not effective
et al”, 2002
Farci et al™’, High-dose IFN a vs low High dose: 9 million units 3 times/wk, low 36 High-dose IFN a significantly improves long
2004 dose IFN vs no treatment dose 3 million units 3 times/wk for 48 wk term clinical outcome and survival
Kaymakoglu IFN q + ribavirin IFN 10 MU 3 times/wk, Ribavirin 19  Addition of Ribavirin to IFN-a does not
et al*, 2005 1000-1200 mg/ d for 24 mo increase response rate in patients with CHD
Niro et al™, LAM vs placebo 100 mg LAM for 52 wk 31 HDV viraemia was unaffected, even in patients
2005 when HBV replication was lowered by LAM
therapy
Erhardt PEG-IFN 1.5 ng/kg PEG-IFN per wk for 48 wk 12 PEG-IFN is a promising treatment option in
et al™ 2006 chronic hepatitis D
Castelnau PEG-IFN 1.5 ng/kg PEG-IFN per wk for 12 mo 14 PEG-IFN is safe and efficient for HDV
et al* 2006 treatment
Niro et al'™?, PEG-IFN mono vs 1.5 ng/kg PEG-IFN per wk; 800 mg ribavirin; 38 Ribavirin had no effect
2006 combination therapy 48 wk mono or combination therapy,
with ribavirin afterwards 24 wk PEG-IFN mono
Yurdaydin LAM vs LAM + IEN vs IFN 9MU 3 times/wk, LAM 100 mg; totally 39  Addition of LAM to IFN is of no additional
et al™, 2008 IFN mono 12 mo therapy; for combination therapy 2 mo value; both (IFN mono/IFN + LAM) are
LAM mono, afterwards 10 mo combination superior to LAM mono
Mansour PEG-IFN, add-on tenofovir ~ PEG-IFN 180 nug/wk; tenofovir 300 mg/d 1 Combination therapy with PEG-IFN and
et al®™ 2010 und for 10 mo nucleoside/tide analogue seems to be more
emtricitabine after 2 mo effective than IFN alone
Wedemeyer PEG-IFN mono vs adefovir ~ PEG-IFN 180 pg/wk; adefovir 10 mg/d for 90 PEG-IFN o-2a with or without adefovir
et al™ 2011 vs combination PEG-IFN + 48 wk resulted in sustained HDV clearance in about

adefovir

25%

LMV: Lamivudine; LAM: Lamivudine; CHD: Coronary heart disease; HDV: hepatitis D virus; HBV hepatitis B virus; PEG-IFN: Pegylated interferon.

IFN responders might be distinguished in early- and
late-responders. The latter could possibly benefit from a
prolonged treatment, because HDV decrease might oc-
cur late, even after the end of treatment*. Clear predic-
tors of response to IFN have not been identified, but
viral load determination at 6 mo of treatment might be
helpfull41’43]. Even in virological non-responders, Erhardt
et al™ observed a stabilization of histological liver score
under therapy so that IFN might be beneficial.

Because of the poor results and high rates of adverse
events like flu-like symptoms or bone marrow suppres-
sion with anemia or neutropenia, dose reduction or dis-
continuation of treatment are common upon PEG-IFN
therapy, corroborating the urgent need for therapeutic
alternatives.

Major problems in developing new treatment strate-
gies are that there are no specific therapeutic targets
like a virus polymerase and that potentially two viruses
have to be treated at the same time"". A lot of different
approaches have been investigated over the last years.
Ribavirin as a monotherapy or in combination with IFN
could not show a benefit***** likewise Famciclovit'*’
and acyclovirl48J had no effect. Different studies could
not show an advantage of lamivudine as a monotherapy
or combination therapyl36’49’soj. Because of a significant
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decrease in cccDNA levels accompanied with a reduction
in serum HBsAg titers in long-term adefovir therapy®",
the well-known HBV-effective nucleotide analogue ad-
efovir dipivoxil was thought to be a potential anti-HDV
drug as well. Interestingly, in the recent HIDIT-1 study
Wedemeyer ez a/*” could not find superiority compared
to PEG-IFN monotherapy. Thus, nucleoside/nucleotide
analogue treatment is not recommended at the moment
in patients with suppressed or low HBV replication. In a
single case report, a patient achieved a SVR accompanied
with anti-HBs seroconversion after add-on therapy of te-
nofovir and emtricitabine to PEG-IFNP?. Therefore, fut-
ther studies are required to investigate the role of nucleo-
side/nucleotide analogues with high resistance bartier like
entecavir or tenofovir. The HIDIT-2 trial, for instance,
combines PEG-IFN with tenofovir for the treatment of
HDYV, and results from this trial are anticipated within the
next years.

Because of different patterns in replication of HDV
and HBV (active HDV /inactive HBV 70%, active HDV
and HBV 23%, inactive HDV /active HBV 4%, both inac-
tive 3%)"” which vary over time a close treatment surveil-
lance and an individually adopted therapy is likely to be
essential. Possibly, patients with a high HBV replication
might benefit from a therapy with nucleoside/nucleotide
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analogues, because of the long-term HBsAg reduction
observed with these agents. Sheldon es al™ could show
that in a long-term study (median 6.1 years) of HIV/
HDV/HBV co-infected patients who where treated with
anti-HBV drugs 13 of 16 patients had reduced HDV
viremia and ALT levels. Even three of these achieved
undetectable HDV RNA and normal ALT levels. This is
especially important considering that high levels of HBV-
DNA in HDV/HBV co-infected patients lead to more
severe liver damage than those with low viremia™.

Another promising approach is the use of prenylation
inhibitors. Bordier ef a/™ used a farnesyltransferase inhib-
itor (FTT) because prenylation of the large delta antigen
- especially the prenyl lipid farnesyl, which was found on
the delta antigenm - seems to play an essential role for
the virus assembly and release. In this study, a complete
clearance of HDV viremia with FTI was achieved™.
Orally taken FTIs have been developed with a relative
lack of toxicity in human phase 1 /1 studies”™ and
might be a potential new substance group for treatment
of chronic HDV infection.

In a pilot study of chronically infected woodchucks
clevudine was capable to reduce WHV cccDNA with re-
duction in WHsAg, Moreover, they could achieve in 75%
of HDV infected woodchucks undetectable HDV RNA
with clevudine treatment™. An HBsAg titer reduction
by reducing the cccDNA during clevudine therapy was
also found in humans®’. In comparison to lamivudine,
clevudine seems to be supetior in HBeAg positive HBV.
Compared to entecavir, in chronic HBV infected patients
clevudine could reduce viral load similar than entecavir,
but higher rates of virological breakthrough and signifi-
cantly more myopathy was observed”, indicating that
clevudine has a higher adverse event profile.

Potential novel strategies for an anti-HDV treatment
might be an HDV receptor blockade, which is thought to
be the same receptor like HBV. Also, a modulation of the
balance between S-HDAg and L-HDAg and especially
modification of post-translational changes of HDAg,
which effects the viral life cycle, might be a promising
target. Another approach is the reduction of HBsAg,
which might be associated with clearance of HDV RNA.
Vietheer e a/* for instance could show that mutations in
the HBsAg lead to an inhibition of HDV particle secre-
tion. But it should be taken into consideration that HDV,
once it got into the cell, can replicate without HBV**
so that an HBsAg reduction might inhibit new infections
of cells, but can theoretically not by itself promote the
clearance from already infected cells. Also other IFN
types, like IFN AP, should be evaluated for their efficacy
in HDV.

At the moment, the current standard therapy for chron-
ic HDV infection is PEG-IFN q-2a 180 pg s.c. weekly.
Wedemeyer ef al™? proposed a treatment for 48 wk. If
there is a high viremia with positive anti-HDV IgM after
this treatment period, a response seems to be unlikely. If
there is a reduced viremia, decreased IgM antibody titers
or transaminases patients might benefit from extended
therapy for 72 wk. Patients with a high HBV replication
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might benefit by nucleoside/nucleotide therapy. Also a
spontaneously HDV clearance might appear with spon-
taneously seroconversion to anti-HBs (0.25% annual
rate). Nevertheless, therapy is needed in delta hepatitis,
because HDV replication is an independent predictor of
mortality® and lack of treatment is a predictor of an un-
favourable outcome™, Even 8/35 patients with an SVR
developed a HCC in long—term[és], especially elderly are at
a specific risk®.

The aim of therapy is a HDV RNA clearance, sero-
conversion to anti-HBs and avoiding imminent compli-
cations like cirrhosis. Once a stage of liver cirrhosis has
developed, the viral clearance will have limited influence
on the further course of liver disease. Half of patients
who develop cirrhosis later will progress to liver failure”™.
To cure patients, long-term IFN treatment is required
for undetectable HDV RNA and further treatment is
required for HBsAg loss'”. During therapy, monitoring
of HDV RNA and HBsAg might help in the surveillance
of therapy, although HDV RNA does not correlate with
activity or stage of liver disease™.

Overall, more long-term data as well as a better un-
derstanding of the viral life cycle and HDV/HBV inter-
actions are needed for an efficient HDV treatment. Until
then, HDV infection obviation should be a major focus
of health care measures by preventing delta hepatitis us-
ing vaccination against HBV, especially in countries with

high HDV prevalencem.
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Abstract

In the last decade, RNA interference (RNAI) advanced
to one of the most widely applied techniques in the
biomedical research field and several RNAI therapeutic
clinical trials have been launched. We focus on RNAi-
based inhibitors against the chronic infection with hu-
man immunodeficiency virus type 1 (HIV-1). A lentivi-
ral gene therapy is proposed for HIV-infected patients
that will protect and reconstitute the vital immune cell
pool. The RNAi-based inhibitors that have been de-
veloped are short hairpin RNA molecules (shRNAs), of
which multiple are needed to prevent viral escape. In
ten distinct steps, we describe the selection process
that started with 135 shRNA candidates, from the ini-
tial design criteria, via testing of the /n vitro and /in vivo
antiviral activity and cytotoxicity to the final design
of a combinatorial therapy with three shRNAs. These
shRNAs satisfied all 10 selection criteria such as tar-
geting conserved regions of the HIV-1 RNA genome,
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exhibiting robust inhibition of HIV-1 replication and
having no impact on cell physiology. This combinatorial
shRNA vector will soon move forward to the first clini-
cal studies.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

After discovery of the mechanism of RNA interference
(RNAJ) in C. elegans in 1998!" several RNAI approaches
have been developed for use in therapeutic strategies, e.g.,
against inherited diseases or infectious pathogensm. The
cellular RNAi pathway leads to the processing of small
noncoding microRNAs (miRNAs) that regulate cellular
gene expression at the post-transcriptional level to con-
trol cell differentiation and developmentm. This pathway
may be primed by artificial short hairpin RNAs (shRNAs)
that are produced in the cell from a transgene and pro-
cessed into small interfering RNAs (siRNAs)"". Ready-
to-use siRNAs can also be synthesized chemically and
transfected into cells. Perfect base-pairing of the designed
siRNA with the specific mRNA target results in cleav-
age of the latter by the RNA-induced silencing complex
(RISC)P. Topical delivery of siRNAs in the lungs might

be feasible for the treatment of acute infections with e.g,,
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influenza A virus or the respiratory syncytial virus. How-
ever, chronic infections caused by pathogens such as the
human immunodeficiency virus type 1 (HIV-1), hepatitis
B virus and hepatitis C virus will require the continuous
expression of RINAI inhibitors from a therapeutic trans-
gene.

HIV-1 is replicating in cells of the human immune
system, resulting in a constant depletion of the CD4+
T cells that contributes to the eventual progression to
AIDS. Anti-HIV gene therapy aims to protect this indis-
pensable cell pool from virus infection and destruction,
which should lead to a (partial) reconstitution of the
immune system. Due to the chronic nature of HIV-1
infection, cells must be protected life-long against HIV-1,
which can be achieved by a stable RNAi gene therapy
against the HIV-1 RNA genome. Apart from RNAi ap-
proaches, other antiviral strategies can be utilized such as
ribozymes, antisense RNAs, dominant negative protein
variants, decoy RNAs, or combinations of RNAI, ribo-
zymes and RNA decoys'”. However, the simultaneous
use of multiple RNAI inhibitors seems one of the most
promising approaches for a potent and durable therapym.
The therapeutic protocol that we have in mind starts with
the isolation of blood mobilized CD34+ hematopoietic
progenitor cells from HIV-infected patients, followed by
ex vivo transduction with an shRNA-expressing lentiviral
vector that stably integrates in the host cell DNA, and re-
injection of the modified cells into the patients. Target
cells for HIV-1 infection (CD4+ T cells, monocytes/
macrophages and dendritic cells) that originate from
these transduced pluripotent progenitor cells will express
the antiviral RNAi constructs and thus prevent HIV-1
gene expression and virus replication. By that, HIV-1 in-
fected CD4+ T cells evade also the destruction by CD8+
cytotoxic T cells as HIV-1 protein production can trigger
viral peptide presentation ziaz the MHC class I molecules
to cytotoxic T cells.

We and others have previously demonstrated remark-
ably potent virus inhibition even with a single shRNA,
but also observed that HIV-1 quickly escapes from RINAi
pressure via the selection of mutations in the targeted
sequence” . However, a combination of multiple po-
tent shRNAs provided long-term suppression of HIV-1
replication[14’16]. For several years, we have designed and
tested various alternative RNAi strategies against HIV-1.
Extended shRNA designs and miRNA-like polycistron
transcripts were optimized for the expression of multiple
inhibitors, but the use of independent shRNA cassettes
turned out to be most efficient” """, Thus, the goal is
to use a lentiviral vector with multiple shRINA cassettes
that becomes stably incorporated in the human genome.
We therefore designed a battery of shRNA inhibitors
and tested these in a variety of 7 vitro and in vivo expeti-
mental settings to allow the selection of the most potent
and safe RNAi antivirals. The top candidates were subse-
quently chosen for the development of a combinatorial
RNAI gene therapy against HIV-1 that will be translated
into a clinical trial"". Primary safety and efficacy stud-
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ies were performed in the “Human Immune System”
(HIS) mouse model™?. Human CD34+ hematopoietic
progenitor cells (hHPC) were transduced ex vzvo with the
lentiviral RNAi expression constructs and injected into
immunocompromised newborn mice to monitor cell
development and differentiation, shRNA expression, cy-
totoxicity and efficacy of the therapeutic regimen upon
HIV-1 infection™. This pre-clinical animal model does
closely mimic the anti-HIV gene therapy approach pro-
posed for HIV-infected patients.

Here, we will discuss the numerous criteria and cor-
responding experimental tests that were used in selecting
the optimal shRNA reagents for a combinatorial attack
on the HIV-1 RNA genome. Ten distinct selection steps
can be envisaged (Figure 1): (1) the basic design of the
shRNA gene cassettes; (2 + 3) measurement of the an-
tiviral activity in transiently transfected cells and stably
transduced cells; (4) selection of the most conserved
HIV-1 target sequences to maximize the number of sen-
sitive viral isolates; (5) testing the viral escape possibilities
as a measure of the durability of the therapeutic attack;
(6) criteria imposed by the use of a lentiviral vector
for delivery of the antiviral shRNA cassettes; (7 + 8)
screens for possible adverse effects on cell physiology,
both in vitro and in vive; (9) target site alterations due to
resistance mutations for clinically approved antiretrovi-
ral drugs; and (10) the assembly of multiple shRNAs to
establish a combinatorial RNAi therapy. Along this selec-
tion pathway, which took over 7 years, we tested more
than 135 shRNA candidates to end up with three potent
and safe shRNAs that will be employed in a gene therapy
trial (Table 1).

DESIGN OF shRNA MOLECULES

To identify new and potent shRNAs against HIV-1, dif-
ferent design criteria were applied. In general, the shRNA
design was based on the prototype shRNA hairpin tran-
script published by Brummelkamp in 2002: complemen-
tary 19-nucleotide sense and antisense strands, a 9-nucleo-
tide hairpin loop and 3’-UU overhangm. The antisense
strand of this shRNA design will, upon Dicer processing,
form the guide strand that instructs RISC for antiviral
attack. The complete shRNA cassette consists of the
RNA polymerase III H1 promoter, the shRNA sequence
followed by the TTTTT termination signal. The H1 pro-
moter, shRNA and termination signal were designed as
synthetic DNA or as restriction fragments and cloned into
the pSUPER vector (Figure 2A). This cassette can easily
be transferred into the lentiviral vector JS1 (Figure 2B)
for generation of stably transduced cells™. All shRNAs
were checked 7 silico to avoid significant complementarity
against cellular mRNAs to prevent putative off-target ef-
fects.

Over the years, several sets of shRNA inhibitors were
tested in our laboratory. We initially described potent
suppression of HIV-1 replication with an shRNA that
targets nef gene sequences, but viral escape was appar-
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2 Antiviral activity
(transient transfection)
3 Antiviral activity
(stable transduction)

7 Cytotoxicity
(in vitro)
8 Cytotoxicity
(in vivo)
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Figure 1 Selection of short hairpin RNAs against human immunodefi-
ciency virus type 1. Scheme of the 10 steps used for the selection of the best
shRNA inhibitors for development of an antiviral RNA interference (RNAi) gene
therapy. HIV-1: Human immunodeficiency virus type 1.

ent in prolonged cultures™. We next tested a first set
of 86 antiviral ShRNAs that were selected based solely
on the conservedness of the target sequence among
HIV-1 isolates'". Due to the high variability of HIV-1,
this selection criterion has become very important for the
development of a gene therapy that applies to a broad
range of isolates. Our initial studies also revealed the
importance of taking the target RNA structure into ac-
count for shRNA design as occluded targets are pootly
recognized by the RNAi machinery . Therefore, we
generated a second set of shRNAs that targets particu-
latly accessible regions of the HIV-1 RNA genome based
on the SHAPE determined RNA structure model”™*”,

ANTIVIRAL ACTIVITY IN TRANSIENTLY
TRANSFECTED CELLS

To evaluate the potency of the shRINAs in terms of anti-
HIV activity, we developed a test to measure the inhibi-
tion of HIV-1 protein production. For that reason,
293T cells wete co-transfected with the HIV-1 molecular
clone pLAI the pSUPER-shRNA vector and the pRL
Renilla vector to control for the transfection efficiency.
These transfected 293T cells produce infectious virus but
do not allow new rounds of infection due to the absence
of relevant receptors for HIV-1 attachment and entry. At
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Figure 2 RNA interference vector constructs. A: Two complementary DNA
oligonucleotides are annealed and cloned into pSUPER downstream of the
H1 promoter that triggers short hairpin RNA (shRNA) expression. The shRNA
cassette encodes a 19 nt sense strand, 9 nt loop, 19 nt antisense strand and
a stretch of 5 T's (T5), which is the termination signal; B: The shRNA cassette
was cloned in the lentiviral vector JS1 for stable transduction of human T cells.
The shRNA cassette is cloned in antisense direction to avoid promoter interfer-
ence. During vector production three transcripts are produced from the lentiviral
vector: the shRNA, the vector RNA genome and the GFP transcript. The shRNA
will have a 100% target match with the shRNA-encoding sequence in the vector
RNA genome (self-targeting), and potential targets in the human immunodefi-
ciency virus type 1 (HIV-1) derived sequences of the lentiviral vector (vector-
targeting). RSV: Respiratorial syncytial virus promoter; R U5: R and U5 element
of HIV-1 promoter; y: Packaging signal; RRE: Rev responsive element; cPPT:
Central polypurine tract; PGK GFP: Green fluorescent protein driven from a PGK
promoter; 3'LTR: 3’ long terminal repeat of HIV-1, with deletion in the U3 region.

48 h post-transfection, the HIV-1 capsid protein (CA-p24)
production and Renilla production were quantified.
CA-p24 can easily be measured iz CA-p24 ELISA in the
culture supernatant. Then, CA-p24 levels normalized for
Renilla expression were compared to virus production
with the empty pSUPER control plasmid obtained in co-
transfections' . Figure 3 indicates the target sites for the
most potent RNAI inhibitors plotted onto the HIV-1
genome. Of the 135 shRNA candidates, 44 exhibited at
least 80% suppression of HIV-1 production. The up-
per panel depicts the first set, the lower panel marks the
target sites for the second shRNA set'** Table 1 sum-
marizes the characteristics of the 44 shRNAs that exhibit
robust inhibition.

ANTIVIRAL ACTIVITY IN STABLY

TRANSDUCED T CELLS

Several of the shRINAs that exhibited significant antiviral
activity in the transient transfection assay were subse-
quently tested in stably transduced CD4+ T cells. To do
so, the shRNA expression cassettes were cloned into
the lentiviral vector JS1 to allow stable transduction of
SupT1 T cells (Figure ZB)[“’M’ZS]. SupT1 is a commonly
used CD4+ T cell line that is permissive for HIV-1 infec-
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Table 1 Selection of short hairpin RNAs against human immunodeficiency virus type 1

shRNA HIV-1 target HIV-1 inhibition  Target conservation (%)°  Viral Lentiviral vector Cell toxicity’ Drug resistance
(3 . 10

MaMe  position' Gene Transient® Stable® Subtype All €SCPE yiector Titer  /nvitro  In vivo mutation

B subtypes targeting’ reduction®
LDR2 327 Leader 95 ++ 66 61 ND + ND ND ND -
LDR3 3287 Leader 94 ++ 68 61 ND + ND ND ND -
LDR4 3297 Leader 99 +++ 68 61 ND + ND ND ND -
LDR5 3307 Leader 94 ++ 68 61 ND + ND ND ND -
LDR7 332 Leader 84 - 69 61 ND + ND ND ND -
LDRS8 3337 Leader 79 ++ 69 61 ND + ND ND ND -
LDR9 3347 Leader 91 +++ 70 63 ND + ND ND ND -
CA 1032 CA-p24 97 - 87 67 ND - - - ND -
Gagb 1365 CA-p24 86 ++ 81 80 + - + + + -
Pol1" 1910 Prot" 97" +++1 89" 85" +1 A - 2 e D30N, V321"
Pol2 19117 Prot 86 - 89 85 ND - ND ND ND D30N, V32I
Pro1 1912* Prot 99 aiats 85 81 ND - - - ND D30N, V321
Pro 2 1913* Prot 99 ND 80 79 ND - ND ND ND D30N, V32I
Pro 3 19147 Prot 99 ND 80 79 ND - ND ND ND D30N, V32I
Pro 4 1915* Prot 98 ND 77 76 ND - ND ND ND D30N, V32I, L33F
Pro 5 1916 Prot 97 ND 79 78 ND - ND ND ND D30N, V32I, L33F
Pro 6 1918* Prot 98 ND 78 77 ND - ND ND ND D30N, V32I, L33F
Pro7 1919° Prot 98 ND 77 76 ND - ND ND ND D30N, V32I, L33F
Pro 8 2026 RT 87 ND 58 17 ND - ND ND ND D30N, V321, L33F
Pol6 3755 RT 97 - 72 75 ND - ND ND ND -
RT1(A) 3757 RT 95 ++ 71 74 ND - - - ND -
RT2(B) 3758 RT 98 ++ 73 75 ND - - + ND -
RT3 (C) 3759 RT 95 ++ 73 75 ND - = - ND -
RT4(F) 3760 RT 85 ++ 69 69 ND - ND ND ND -
RT5(G) 3762 RT 94 - 72 72 ND - - - ND -
Int1 4310 Int 91 ND 71 19 ND - ND ND ND -
Int2 4344 Int 96 +++ 67 25 ND + + - ND -
Pol29 4393 Int 82 - 80 80 ND + ND ND ND -
Int3 4420° Int 95 e+ 68 61 ND + + + ND =
Int4 4422° Int 99 ND 71 64 ND + ND ND ND -
Int5 4491 Int 81 ND 70 33 ND - ND ND ND -
Pol45 4543° Int 92 ++ 91 75 ND = ND ND ND -
P014711 45452 Intll 9211 +++11 9111 7311 +11 _11 _11 _11 _11 _11
Vif 4646 Int/ Vif 96 - 82 31 ND - - - ND -
R/TSH 5551 ReV/Tatll 9311 +++11 871] 73]1 +]1 _1] _]1 _11 _]1 _11
Env 1 7250 gp120 81 ND 83 76 ND + ND ND ND -
Env 2 7875° gp4l 83 ND 49 33 ND - ND ND ND -
Env 3 78817 gp4l 89 ND 19 6 ND + ND ND ND -
Env 4 78847 gp4l 85 ND 21 6 ND + ND ND ND -
Env 5 8026 gp4l 96 +++ 53 14 ND + + + ND -
Env 6 8277 gp4l 98 ++ 53 18 ND - - + ND -
Env 7 8278° gp4l 98 ++ 56 18 ND - - - ND -
Env 8 8359 gp4l 97 +++ 3 1 ND - - - ND -
LTR 9072 3'LTR 95 ++ 53 1 ND - - - ND -

'Position in human immunodeficiency virus type 1 (HIV-1) LAI mRNA; *Overlapping short hairpin RNA (shRNA) clusters; *Percentage of inhibition of
HIV-1 production in co-transfected cells; *“Inhibition of HIV-1 replication in stably transduced cells: +++ = strong, ++ = medium, + = low, - = no inhibition;
*Percentage of sequences in Los Alamos database identical to ShRNA target sequence; ‘Detection of escape mutations after prolonged culturing; 100%
complementarity of the shRNA to JS1 lentiviral vector; *Titers compared to JS1 lentiviral vector; + = reduction > 1 log, - = reduction < 1 log; *Effects on cell
growth; + = negative effect, - = no effect; "'Drug resistance mutations in the shRNA target region; "Selected for the combinatorial gene therapy. ND: Not
determined.

tion and that shows clear cytopathic effects (syncytia) duced cells can subsequently be challenged with HIV-1

upon virus replication. The cells were transduced at a and virus replication can be monitored. Infected cultures
low multiplicity of infection of 0.15 to assure that maxi- were inspected on a daily basis under the microscope to
mally a single copy of the lentiviral vector integrates per monitor cytopathic effects and supernatants were collect-
cell. The expression of a GFP reporter gene by the JS1 ed to measure CA-p24 production (Figure 4A). SupT1
lentiviral vector allows the easy separation of transduced cells transduced with the empty JS1 vector served as con-
from non-transduced cells by fluorescence activated cell trol cells to measure uninhibited viral spread. For future
sorting, The cells are usually sorted 2 d after transduction gene therapy applications, shRNAs were only considered
to obtain a pure GFP-positive population. The trans- if they conferred strong HIV-1 inhibition in transient co-
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Figure 3 Target sites of anti-human immunodeficiency virus short hairpin RNAs. Depicted is the human immunodeficiency virus type 1 (HIV-1) LAl proviral
genome with short hairpin RNA (shRNA) target sites that yielded > 80% suppression of HIV-1 production. Several clusters of overlapping shRNA targets are indicated.
The shRNAs have been designed based on conservedness of the target sequence (upper panel) or accessibility in the structured HIV-1 RNA genome (lower panel).
shRNAs selected for the R3 combinatorial RNA interference vector are marked in red.
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Figure 4 Long-term short hairpin RNA activity in human immunodeficiency virus type 1 replication studies. A: SupT1 T cells expressing short hairpin RNA
(shRNA) Pol47 were infected with HIV-1 and virus replication was monitored in five cultures by measuring CA-p24 production for up to 75 d. Cells transduced with
the empty lentiviral vector JS1 served as control (dark circles); B: Supernatant from the indicated culture (asterisk in panel A) was passaged on new cells to test the
escape phenotype. The virus replicated on control and shRNA Pol47 cells, but not on cells that express another antiviral ShRNA (R/T5) or the R4 construct. Adapted

from™

transfections and stably transduced T cells. In Table 1, per subtype. To ensure high sequence conservation, mini-
this is indicated as “+++” in the respective column. mally 70% of the viral sequences of each target region
have to form a perfect match with the siRNA™. This
was important for the group M sequences that comprise

HIV-1 TARGET SEQUENCE VARIABILITY all subtypes, and specifically the subtype B sequences that
Due to the high variability of HIV-1, it is especially im- are most prevalent in the Western world (Table 1). This

portant for an anti-HIV gene therapy to target sequences standard ensures targeting of a broad spectrum of viral
that are relatively conserved among different virus iso- isolates and also decreases the risk of rapid viral escape
lates and several HIV-1 subtypes. For most shRNAs, this because mutations of well-conserved HIV-1 sequences
was an important selection criterion and Table 1 provides are more likely to cause a loss of viral replication efficien-

an overview of the conservedness of the shRNA targets, eyt As a current standard diagnostic procedure,

both for subtype B that is most prevalent in the Western the patient-derived HIV-1 sequences of the pol gene

world and the other subtypes that belong to the HIV-1 are genotyped, including the target sequences for the
group M. To determine the degree of conservedness of shRNA inhibitors Poll and Pol47. Thus, one will be able
the siRNA target sequences, all HIV-1 genome sequences to confirm the conservation, such that a full match with

present in the Los Alamos National Laboratory database the shRNA is guaranteed. Genotyping will also reveal the
(http:/ /www.hivlanl.gov/) were aligned. The alignment presence of non-B subtypes, exotic HIV-1 strains and
provides the percentage of sequences that are fully com- even super-infections that may complicate the RNAi gene
plementary to the siRNA for the entire group M and also therapym].
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shRNA Nef
D tat H J
rev
gag vif H H o
U3 RU5 U3
pol \r’; env L
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u

Cultures Sampling day shNef target
164 182
wt GCTGCTTGTGCCTGGCTAGAAGCACAAG
A 43 R — — 106-nt deletion
B 46 GCTGCTTGT——————————-— AGCACAAG
C1 27 GCTGCTTGTGCCTGGCGAGAAGCACAAG
c2 62 GCTGCTTGTACCTGGCGAGAAGCACAAG
D 62 GCTGCT------ TGGCTAGAAGCACAAG
E 62 GCTGCTTGTGCCTGGCTAGAAG-—---- 63-nt deletion
F 80 GCTGCTTGTGCCTGGCTAGAGGCACAAG
G 77 mmmm e mm e 225-nt deletion

H 74 ACTGCTTGTGCCTGGCTAGAAGCACAAG
I 61 GCTGCTTGTGCCTGGATAGAAGCACAAG

Figure 5 Human immunodeficiency virus type 1 escapes from short hairpin RNA Nef. The human immunodeficiency virus type 1 (HIV-1) LAl proviral genome
and the short hairpin RNA (shRNA) Nef target site are indicated. SupT1 cells expressing shRNA Nef were infected with HIV-1 and passaged twice a week until viral
escape occurred. Nine different cultures were examined in parallel and the day of sampling is indicated. Part of the nef gene is shown with the ShRNA Nef target site
highlighted in gray. Numbers refer to the nucleotide position in the nef gene. Escape was apparent by (1) one or more escape mutations in the target sequence; (2)
mutations outside the target region; and (3) complete or partial deletions of the target region. Mutations are underlined. Adapted from™.

HIV-1 ESCAPE STUDIES

Viral escape from the shRNA pressure can occur similar
to what is observed under antiviral therapy with antiviral
drugs when the HIV-1 target sequence accumulates one
or multiple mutations. Extensive viral escape studies have
been performed for some shRNAs® " Transduced
and GFP-sorted SupT1 cells were challenged with a high
amount of virus and passaged over time. When viral
outgrowth was observed, the cell-free supernatant was
transferred to a new culture of shRNA-expressing cells
to confirm the resistance phenotype (Figure 4A and B).
Cellular DNA with the integrated proviral genome can
subsequently be isolated, the siRNA target region can be
PCR-amplified and cloned into a plasmid for sequence
analysism’13’16’35j. At this point, it is important to filter out
‘pseudo-escape’ events that are due to breakthrough vi-
rus replication when a high virus input is tested, often in
combination with a sub-optimal inhibitory shRNA regi-
men. In this scenario, the pseudo-escape virus can be rec-
ognized because it will not carry any resistance mutation
and will obviously lack the resistance phenotype™"'.

We routinely test multiple HIV-1 evolution cultures in
parallel because viral evolution is a chance process driven
by randomly occurring mutations, some of which are
beneficial and thus subsequently selected under RNAi
pressure. For example, the diverse viral escape routes ob-
served in independent cultures of shRNA Nef express-
ing cells are depicted in Figure 57 We reported three
types of HIV-1 escape: (1) Mutation(s) in the siRNA target
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sequence; (2) a mutation in the flanking region that influ-
ences the local RNA structure; and (3) partial or even
complete deletion of the target sequence. The latter es-
cape route seems possible only in case non-essential viral
sequences are targeted. Indeed, deletion-based viral escape
was never witnessed when essential HIV-1 sequences
encoding the Protease and Integrase enzymes were tar-
geted"™. This observation supports the notion to target
well-conserved viral sequences that usually encode the
more essential viral functions. It must be pointed out that
viral escape studies are extremely time and labor-intensive.
Therefore, such investigations should only be conducted
for candidate shRNAs that fulfill multiple criteria, e.g., po-
tent inhibition in transient transfections and stably trans-
duced T cell infections.

LENTIVIRAL VECTOR CONSIDERATIONS

HIV-1 causes a persistent infection in humans, which
requites durable expression of the inhibitory shRNAs.
Therefore, the use of a lentiviral vector seems ideal be-
cause of its property to stably integrate into the host cell
genome, which allows a constant supply of antiviral
shRNAs. The third generation lentiviral vectors have
proven to be safe for use in humans and no insertional
oncogenesis has been reported thus far™ ™, These vectors
transduce dividing and non-dividing cells and can thus be
applied, e.g, in hematopoietic progenitor cells*”*, For
clinical application, it is important that the vector can be
produced to high titers. We and others previously report-
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Figure 6 Competitive cell growth assay. SupT1 T cells were transduced with a short hairpin RNA (shRNA)-expressing lentiviral vector, yielding a cell population
with approximately 40% GFP-positive cells. The ratio of GFP-positive cells at day 3 after transduction was set at 1 and measured longitudinally. The cells were pas-
saged and analyzed via FACS measurement twice a week. JS1 represents the empty lentiviral vector without shRNA expression. The gray window highlights shRNAs

that have a significant adverse effect on cell growth.

ed titer problems with lentiviral vectors encoding antiviral
shRNAs that may obstruct clinical application™™, Lenti-
viral vectors are produced by co-transfection of the lenti-
viral vector construct JS1 (Figure 2B), Gag-Pol and Rev-
expression plasmids, and a VSV-G envelope construct.
During lentiviral vector production, all the different
mRNAs are expressed in the producer cell together with
the shRNA transcript. The vector transcript does in fact
include the shRNA sequence and will thus have a perfect
target for siRNA-mediated degradation. However, such
self-targeting does not easily occur because the target is
occluded in a stable shRNA hairpin structure and there-
fore protected from RNAI attack. Further complications
arise when the shRNA targets HIV-1 derived sequences
in one of the lentiviral vector constructs. This is referred
to as vector targeting, We previously discussed in detail all
possible routes by which shRNAs could impede lentiviral
vector production and how to prevent or overcome these
specific problems™*, Of course, acute cytotoxicity of
the expressed shRNA can also cause a serious titer reduc-
tion due to effects on the producer cell viability and this
may eventually also affect the viability of transduced cells,
Le., the gene therapy target cells.

CYTOTOXICITY IN /N VITRO CELL
CULTURE

The antiviral shRNA may exhibit adverse effects on cell
growth through silencing of cellular mRNAs (off-target
effects) or saturation of the RNAi machinery, in patticu-
lar when the shRNA is overexpressed[49]. These effects
cannot easily be predicted and should thus be tested ex-
perimentally. There are several ways to score the impact
of shRNA expression on cell viability and physiology.
One could for instance determine the cellular doubling
time by frequent cell counting. We recently developed a
very user-friendly and ultra-sensitive assay that follows
over time the ratio of shRNA-expressing GFP-positive
cells »s untransduced GFP-negative cells in a co-culture
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assay”". This competitive cell growth or CCG assay has
some clear advantages over other well-established cell
proliferation assays: (1) After cell transduction, only a
small aliquot of the culture is needed to launch the CCG
assay, without any extra steps; (2) The CCG assay is inter-
nally controlled as it starts with a mixture of transduced
and untransduced cells; and (3) Even minor effects on
the cellular proliferation rate caused by shRNA expres-
sion can be detected. We screened all promising shRNAs
in this assay (Figure 6). Besides single shRNA-expressing
vectors, we also investigated combinatorial vectors such
as R4 (Gag5, Poll, Pol47, and R/T5) and R3 (Poll,
Pol47, and R/T5). shRNAs that exhibit negative effects
on cell growth such as Gag5 should be excluded from
combinatorial RNAI vectors (Figure 6, Table 1). Removal
of Gagb from the R4 vector that exhibited impaired cell
proliferation led to the design of the R3 lentiviral vector
that scored no negative cell growth effects. Cytotoxicity
by saturation of the cellular RNAi pathway is especially
critical for the combinatorial shRNA vectors and might
have contributed to the adverse R4 effects.

CYTOTOXICITY /N VIVO

Before one can proceed to a gene therapy trial in humans,
safety should ideally be demonstrated in a preclinical ani-
mal model. As the RNAi mechanism is based on perfect
sequence complementarities between siRNA and the
viral target, the simian immunodeficiency virus/macaque
model cannot be used for such studies. However, mice
with the complete human immune system were created
by injection of hHPCs into immunodeficient (BALB/c
Rag2-/- IL2Ry.-/-) newborn mice. All major subsets of
the human innate and adaptive immune system are found
in the reconstituted HIS mice™. This HIS mouse
model is ideally suited to test our gene therapy for several
reasons. First, the hHPCs that are engrafted in the Rag-2-
/ye-/- newborn mice (Figure 7A) are similar to the ones
that we propose to modify in our ex vivo gene therapy of
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Figure 7 In vivo safety studies in the HIS mouse model. A: Cell suspensions enriched for human hematopoietic progenitor cells (hHPC) are prepared from fetal
liver tissue. Live nucleated CD34+ cells are magnetically sorted and further enriched for the hHPC (CD34+CD38- fraction) using fluorescence activated cell sorting.
Lentiviral supernatants are produced on 293T cells. hHPC are transduced ex vivo with the shRNA-expressing lentiviral vector and injected intrahepatically into sub-
lethally irradiated newborn BALB/c Rag-2-/-y-/- mice. The transduction efficiency is evaluated based on GFP expression after 3.5 d in culture (GFP in vitro); B: The
HIS (BALB-Ragly) mice are analyzed in the blood and the organs after at least 8 wk post-transplantation for the presence of human cells (%CD45+ cells) (left graph),
which were analyzed for GFP recovery (right graph). The GFP recovery is the ratio between the frequency of human GFP+ cells measured in the animals (GFP in
vivo) and the frequency of GFP+ hHPC injected in the newborn mice (GFP in vitro, transduction efficiency). The major subsets of the human immune system in the
blood are also analyzed for their frequency and absolute number in the human GFP+ and GFP- population. Adapted from®™. °P < 0.05.

HIV-1 seropositive patients. Second, as the hHPCs trans- immune system in the animals will thus be constituted
planted in the mice consist of a mixture of transduced by transduced shRNA-expressing cells (GFP+) and non-
(GFP+) and non-transduced hHPCs (GFP-), the human transduced cells (GFP-). This provides an internal con-
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trol to test for adverse effects of shRNA expression on
hematopoiesis. Finally, as the HIS mouse can be infected
by HIV-1, both the safety and efficacy of the shRNA
therapy can be evaluated in the HIS mouse model.

The safety of an shRNA is assessed in the blood and
the organs of the animals by multiple factors: (1) The
presence of the human hematopoiesis-derived CD45+
GFP+ and GFP- cells; (2) the ratio between the fre-
quency of human GFP+ cells measured in the animals
and the frequency of human GFP+CD34+ cells injected
in the newborn mice; and (3) the frequency and abso-
lute number of different cell subsets of the human im-
mune system, such as CD4+ and CD8+ T cells, B cells,
monocytes and dentritic cells (Figure 7B). We previously
tested the feasibility of an shRNA-based gene therapy
in HIS mice reconstituted with hHPC transduced with a
lentiviral vector expressing an shRINA against the HIV-1
nef genem. In this model hHPC expressing anti-HIV
shRNAs give rise to multi-lineage reconstitution of the
human immune system 7 vivo and generate CD4+ T cells
with the ability to resist HIV-1 replication in a sequence-
specific manner. We tested our four candidate shRNAs
and observed normal development of the human im-
mune system in the animals for three of these shRINAs
(Centlivre ez 2/ manuscript in preparation). A negative
impact of Gag5 on the hematopoiesis of the HIS mouse
was scored, confirming the 7 vitro findings in the CCG
assay. These combined results led to the exclusion of
Gag5 from the combination gene therapy (Table 1). The
three “safe” shRINAs will now be combined into a single
lentiviral vector for further 7z vivo safety tests.

PRE-EXISTING DRUG RESISTANCE

MUTATIONS

Our proposed anti-HIV gene therapy will be developed
for therapy-experienced HIV-1 infected individuals who
have failed on regular antiretroviral drug regimens. As

drug resistance mutations may affect the viral genome
sequences targeted by RNAI, we investigated whether
the target sequences of the top shRNA candidates are
likely to acquire drug-resistance causing mutations. For
this, we screened the Stanford HIV-1 drug resistance
database”"™”. The relevant drug resistance substitutions
in the inhibited viral proteins are plotted in Table 1. In
particular, the Protease gene sequence targeted by the set
of overlapping shRNAs (Poll-2, Pro1-7) has been im-
plicated in the acquisition of resistance against Protease
inhibitors like Nelfinavir, Aprenavir, Ritonavir and Indi-
navir at codons 30, 32 and 33. A treatment history that
includes one of these Protease inhibitors and genotyping
results that demonstrate the presence of at least one of
these mutations will be an exclusion criterion for gene
therapy participants.

COMBINATORIAL RNAi
The stable expression of anti-HIV shRNAs in T cells
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results in potent virus inhibition" >, However, the ap-
plication of a single shRNA inhibitor is not sufficient
to maintain inhibition. Virus escape variants can emerge
after extensive culturing”'"'">*, Therefore, multiple an-
tiviral sShRNAs should be expressed simultaneously to
achieve durable inhibition by raising the genetic thresh-
old for viral escape™>*, This combinatorial strategy is
analogous to current antiretroviral therapy regimens with
multiple drugs that have led to significant clinical success
in HIV-1 infected patientsm.

There are several ways to express multiple RNAi inhibi-
tors against HIV-1, ranging from polycistronic miRNAs
to extended multimeric shRNA transcripts' . We
achieved most promising results with multiple shRNA
cassettes' "', To express multiple shRNAs, we initially
inserted several H1-driven shRNA expression cassettes
into the lentiviral vector. However, these vectors are ex-
tremely unstable as shRNA cassettes were deleted during
transduction due to slippage of the Reverse Transcriptase
enzyme on the repeated H1 promoter sequences' ™. To
prevent recombination-mediated deletion of shRNA cas-
settes, we designed shRINA cassettes with unique promot-
er elements. The RNA polymerase III promoters H1, U6
and 7SK and the RNA polymerase II promoter U1 were
used ™!l All these promoters have precise transcription
start and termination sites and the shRNA expression
levels are similar. The combination of four promoter-
shRNA cassettes in R4 (U1-R/T5, U6-Poll, 7SK-Gag5,
and H1-Pol47) leads to durable virus inhibition in stably
transduced T cells"”. At present, the R4 combinatorial
RNAI vector has been modified to R3 without Gag5 due
to adverse cellular effects of this shRNA. The R3 lenti-
viral vector that confers the same potent and durable in-
hibition is proposed for the future clinical anti-HIV gene
therapy trial.

CONCLUSION

We desctibe here the course that was taken to select the
most potent and safe shRNA inhibitors against HIV-1,
which will contribute to the development of an exclu-
sively shRNA-based gene therapy against HIV-1. Cur-
rently, the combinatorial RNAi approach comprises three
shRNAs targeting three distinct and highly conserved
regions of the HIV-1 RNA genome.

The proposed RNAI gene therapy against HIV-1 will
be developed for therapy-experienced HIV-1 infected
individuals. During antiretroviral therapy, mutations can

be selected in the genes that encode the drug-targeted
viral proteins. Such mutations can interfere with RNAi
attack when siRINA target sites are altered. Indeed, one
shRNA inhibitor of the combinatorial shRNA vector
targets a viral sequence that frequently acquires mutations
to escape from Protease inhibitors. Patients who failed on
Protease inhibitor containing regimens or that harbor vi-
ruses with such resistance mutations have to be excluded
from the current combinatorial RNAi gene therapy. To
overcome this issue, alternative shRNA regimens could
be established that do not target viral genome regions

June 12,2012 | Volume1 | Issue 3 |



Knoepfel SA et a/. shRNAs for anti-HIV gene therapy

known to acquire prominent drug resistance mutations.
Alternatively, one could attack the resistant HIV-1 strains
with modified shRNA inhibitors. We previously showed
that a combination shRNA strategy directed against the
wildtype and drug-escape vatiants was able to efficiently
and durably suppress virus replication”™*",

The selection of HIV-1 escape variants must be pre-
vented to durably suppress the chronic virus infection.
To achieve this, targeting of conserved HIV-1 RNA re-
glons is important, as well as the simultaneous application
of multiple shRNAs. Potent virus inhibition will reduce
the chance of virus escape by limiting the occurrence
of mutations and the genetic threshold for resistance
development is increased when multiple viral sequences
are targeted. We continuously work on improvement of
the shRNA design and recently identified loop sequences
such as miRNA-derived loops that improve the siRNA
processing and yield more potent gene knockdown and
HIV-1 inhibition”. Alternatively, targeting of cellular co-
factors that are essential for HIV-1 replication represents
a promising anti-escape approach. The mutation rate of
the cellular DNA replication machinery is significantly
lower than that of the lentiviral Reverse Transcriptase
enzyme. Thus, the chance that resistance mutations
are selected in host mRNAs is negligible compared to
HIV-1 target sequences. Recent screens revealed several
cofactor-encoding mRNAs whose knock-down resulted
in diminished HIV-1 replication'”, However, knock-
down of cellular proteins at the mRNA level might have
negative effects on cell viability and anti-host shRNAs
must be carefully designed. An ideal candidate cofactor
is the CCR5 co-receptor. A natural deletion in the CCR5
gene (CCR5-A32) has been found at 1% frequency in the
Caucasian population. These individuals are resistant to
HIV-1 infection and do not appear to suffer from major
biological effects or health issues due to the absence of
this receptor protein'.

Within a couple of years, RNAi has moved from the
laboratory to clinical trials as novel therapeutic against a
variety of diseases. In 2008, the first antiviral ShRNA was
used in combination with a TAR decoy and CCR5-ribo-
zyme as an RNA-based gene therapy for HIV-1 infected
individuals. The transfused cells were successfully engraft-
ed and the anti-tat/rev siRNA was detected in peripheral
blood mononuclear cells (PBMCs) up to 24 mo'™. This
initial clinical result provides encouragement for the anti-
HIV gene therapy that we develop based exclusively on
multiple shRNAs. The extensive preclinical assays in the
humanized mouse model demonstrated the safety and ef-
ficacy of this combinatorial RNAi approach, which will

soon move towards clinical testing,
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Abstract

Picornaviruses, small positive-stranded RNA viruses,
cause a wide range of diseases which is based on their
differential tissue and cell type tropisms. This diversity
is reflected by the immune responses, both innate and
adaptive, induced after infection, and the subsequent
interactions of the viruses with the immune system.
The defense mechanisms of the host and the coun-
termeasures of the virus significantly contribute to
the pathogenesis of the infections. Important human
pathogens are poliovirus, coxsackievirus, human rhino-
virus and hepatitis A virus. These viruses are the best-
studied members of the family, and in this review we
want to present the major aspects of the reciprocal ef-
fects between the immune system and these viruses.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The picornavirus family represents a diverse group of
viruses that are classified within 12 generam (Table 1).
These viruses cause a variety of human and animal dis-

eases, including the common cold [human rhinoviruses
(HRV)], myocarditis [coxsackie viruses (CV)], hepatitis
[hepatitis A virus (HAV)] and poliomyelitis [poliovirus
(PV)]. Because of their clinical relevance, these hu-
man pathogens, which except the hepatovirus HAV are
members of the enterovirus genus, are the best-studied
members of the family””, Although many details about
the replication of these viruses are known'™" the patho-
genesis of the heterogeneous clinical appearances and
manifestations of the particular diseases, varying be-
tween asymptomatic and fatal, is poorly understood, but
is closely linked to the immune responses induced after
infection. Therefore, knowledge of the specific immuno-
logical activities following the entry of these viruses into
the human host will provide the basis for a better under-
standing of the pathogenic processes.

The spherical, nonenveloped virions of picornavi-
ruses range in diameter between 27-30 nm. The genome
is a positive-strand RNA of 7000 to 9000 nucleotides
covalently linked at the 5’ end to the viral protein 3B
(VPg) and is translated cap-independently by internal
ribosomal entry into a polyprotein (VP4-VP2-VP3-
VP1-2A-2B-2C-3A-3B-3C-3D), which yields the eleven
proteins through various independently functioning in-
termediates, upon cleavage by viral proteases. Replication
occurs in the cytoplasm in association with intracellular
membranes. Picornaviruses are usually considered to be
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released from infected cells by cell lysis[g], which applies for
the cytopathogenic rthino-, coxsackie- and PVs, but not for
HAV"Y., for which the release process 1s not known. How-
ever, damage to tissues results not only directly from virus
replication, but also from the host response to infection.

The host immune response against picornaviruses is
diverse and complex, and this is reflected by the numer-
ous data obtained in studies particularly with PV, CV, RV
and HAV, and this review discusses vatious aspects of the
immunology of these viruses.

The host fights virus infections by employing vari-
ous mechanisms, including cytokine release, antibody
production and cytotoxic T cell (CTL) activation. The
importance of each mechanism, however, strongly varies
according to the virus concerned.

As a large part of the infections with any of these
four viruses proceeds asymptomatically, it can be assumed
that the innate immune system, which responds within
minutes after viral entry into host cells"”, is able to block
viral replication to a certain degree. Sensing of specific
structures of the viral nucleic acid like double-stranded
RNAs, which occur as replicative intermediates and are
recognized as pathogen associated molecular patterns,
1s accomplished in the cytoplasm by Toll-like receptor
(TLR)3, which is associated with intracellular vesicles, or
by the sensors retinoic acid-inducible gene I (RIG-I) and
melanoma differentiation-associated gene 5 (MDA-5)""
resulting in synthesis of cytokines with strong antiviral
activity, like type I interferon (IFN). MDA-5, not RIG-I,
is believed to be crucial for sensing infection with picor-
naviruses. This was concluded from studies with mice
lacking the mda-5 gene. These mice are deficient in the
production of type I IFN in response to the cardiovirus
enzephalomyocarditis virus (EMCV), and the animals
125 But sens-
ing of picornaviral RNA seems to be more complex, and

showed a higher susceptibility to infection

the other sensors might also be involved, as overpro-
duction of RIG-I in cultured cells is also able to reduce
EMCYV replication”. On the other hand, PV, CV, HRV
as well as HAV have developed mechanisms to interfere
with the signaling from the above mentioned sensors, al-
though in different ways. This ability of the viruses seems
to be necessaty firstly to establish infection and secondly,
to maintain replication for a longer time, as activation of
the virus specific adaptive immune response by a specific
cytokine mix generated during the innate response is re-
tarded.

After primary infection, antibodies seem in general to
be important to control viral viremic spread within the in-
fected tissue as well as to distant further organs, and thus
to retard the severity of the disease. Infections with PV
and CV seem to be controlled efficiently by antibodies, as
prolonged replication of PV occurs in immunodeficient
patients[15

well as chronic encephalitis after coxsackievirus infection
[16-20]

! and prolonged excretion of coxsackievirus as

was observed in patients with agammaglobulinemia
This is supported by the finding, using CD4" T-cell defi-
cient mice, that both PV and CV efficiently induce B cells
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to proliferate and produce IgM independent from T-cell
help (TT IgM)mZM. This TT antibody response results from
extensive B-cell receptor cross linking by the highly orga-
nized, repetitive vition structure and is postulated to be a
characteristic of antibody-controlled cytolytic viruses™.
In contrast, HRV seems to be controlled by the innate im-
mune response as the antibody response appears after re-
covery from illness™ and HAV seems to be eliminated by
CTLP, Upon infection, these four viruses are expected
to induce the production of secretory IgA (SIgA), serum
IgA (sIgA) and IgG, which is due to their route of trans-
mission. PV, CV and HAV are transmitted fecal-orally,
whereas HRV is transmitted by the respiratory route. But
there are significant differences between the viruses in the
time courses of the different antibody classes as well as
of the antibody responses. For example, the IgG response
after infection with HAV is strongly delayed[zg’zg] and only
a weak antibody response against HRV, which is boosted
after resolution of the symptoms, developspsl. It seems at
least to be the rule for all four viruses that antibodies are
critical to prevent reinfections. Even during asymptomatic
courses of the diseases, production of neutralizing anti-
bodies may be induced (occult immunization). In order to
counteract this effect, polio- and coxsackieviruses form
serotypes (PV: 3 serotypes, CV: 29 serotypes) which are
defined as different viral strains that do not elicit cross-
neutralizing antibodies. This enables the viruses to evade
antibody-controlled reinfections and to infect the same
individual several times by a different serotype despite the
presence of possibly high titers of neutralizing antibodies
and cross-reactive T-cell help against the first serotype.
This also seems to apply for rhinovirus, which forms 102
serotypes, despite its weak and apparently delayed anti-
body response. Only in the case of HAV, which exists as
only one serotype, are reinfections efficiently prevented by
anti-HAV IgG induced by the first infection.

In the following sections the specific interactions be-
tween the different viruses and the immune system will be

described.

ADAPTIVE IMMUNE RESPONSE

In general and on average, the adaptive immune response
during viral infections is induced 3 to 5 d after the infec-
tion occurred, a time point when infections are estab-

lished and the amount of progeny virus reaches a level
required to activate the adaptive response by assistance
of cytokines, which are released during the innate im-
mune response. Before the CD8" T-cell response (CTL)
reaches its peak 7 to 10 d after the infection, natural killer
cells (NK cells) are present. The T-cell response decreas-
es within 3 to 4 wk, but memory and splenic CD8" T-cells
remain present. Antibodies produced by the adaptive
B-cell response are barely detectable in the acute, symp-
tomatic stage of the disease, but increase over a period
of 2 to 4 wk. Virus and virus infected cells are normally
eliminated 2 wk after infection and serum antibody as
well as memory B and T cells remain.
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Table 1 Picornavirus family

Genus Normal host Including for example
organism
Aphtovirus Cattle, swine Foot-and-mouth disease virus
Cardiovirus Humans, small Encephalomyocarditis virus
rodents Saffold virus
Enterovirus Humans, cattle, Poliovirus
swine Coxsackievirus
Rhinovirus
Hepatovirus Humans Hepatitis A virus
Parechovirus Humans, small Human Parechovirus
rodents Ljungan virus
Erbovirus Horses Equine rhinitis B virus
Kobuvirus Cattle Aichi virus
Teschovirus Swine Porcine teschovirus
Sapelovirus Birds, swine Avian sapelovirus
Porcine sapelovirus
Senecavirus Swine Seneca valley virus
Tremovirus Birds Avian encephalomyelitis virus
Avihepatovirus  Birds Duck hepatitis A virus

Some viruses infecting bats (Juruaca virus), fish (Bluegill virus), reptiles,
amphibians and ticks (Sikhote Alyn virus, Syr-Dorya Valley fever virus)
are not classified within a genus so far. Plant picornaviruses differ from
the animal viruses in some properties and have been classified into the
family Secoviruses.

Whereas the adaptive immune response to polio- and
CV roughly follows the above-desctribed general scheme,
the adaptive immune responses to human rhinovirus and
HAV significantly deviate from the average course. In gen-
eral, the adaptive response is required for complete virus
clearance, and there is considerable data about the antibody
responses to these four viruses (Figure 1) but, with the ex-
ception of HAV, little is known about the CTL response,
and the role of these T cells is controversially debated.
The CTL response against HAV which is the only non-
cytopathogenic virus presented here is well investigated
and it is shown that the symptoms of hepatitis A can be
attributed to an immunopathogenic process caused by the
activity of HAV-specific CTLs.

Neutralization of picornaviruses is mediated through
antigenic sites, which are conformational, discontinu-
ous and complex structures formed on the surface of
the virions by exposed loops between the -strands of
certain structural proteins (structural proteins of picorna-
viruses building the surface of the capsid are VP1, VP2
and VP3; VP4 lines the inside of the viral particle). PVs
have three distinct antigenic sites™! which have been
exactly identified. One antigenic site is formed by amino
acids of the structural protein VP1 (aa 90-100, 220-223
and 286-290), the second site includes residues from VP1
and VP2 (aa 164-172) and the third site includes residues
from VP1 and VP3 (aa 58-60 and 70-80). Within cox-
sackievirus capsids conformational and linear antigenic
sites were found, which include residues from VP1, VP2
and VP37 HRV exhibit four different antigenic sites,
which are also formed by residues from VP1, VP2 and
VP3™. HAV holds only one immunodominant antigenic
site, which contains amino acid residues contributed by
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VP1 and VP3"* Three complementary mechanisms of
neutralization are assumed™. Firstly, antibodies bound to
the virus particle interfere with the attachment to the cel-
lular receptor. Secondly, neutralization is a result of an-
tibody-mediated aggregation of virions, which prevents
attachment and uptake of virus, and thirdly, binding of
antibodies to separate structural subunits within the cap-
sid structure inhibits uncoating,

In the following, an overview of the adaptive immune
responses against PV, CV, HRV and HAV is given.

PV

After fecal-oral transmission, the major site of replication
is the intestinal tract (epithelia and Peyer’s patches). After
a mean incubation time of 7 d, influenza-like symptoms
develop, from which the patient recovers within a few
days. Fecal excretion of PV occurs shortly after infection
and persists for approximately 7 wk, and a short viremic
phase appears between 3 to 7 d after infection. Besides
this abortive poliomyelitis, nonparalytic poliomyelitis may
occur in 1%-2% of the infections with viral invasion of
the CNS leading to meningitis and muscle spasm. The
illness lasts for approximately 6 d. In up to 2% of the
cases paralytic poliomyelitis occurs, and in 80% of these
patients residual paralysis persists.

Neutralizing anti-PV IgM antibodies appear 3 d after
infection, reach their peak titer after 9 d and disappear in
the course of 4wk (Figure 1).

The anti-PV IgG response is also briskly appearing
3-4 d after exposure. These antibodies reach the peak
titer 3-4 wk after infection and persist for years, perhaps
lifelongmm. The antibodies seem to be responsible for
controlling viremia, as the termination of viremia im-
mediately follows the detection of neutralizing antibod-
ies (Figure 1). Already low levels of circulating anti-PV
antibody, including passively given immune globulin, are
able to prevent the paralytic disease. This indicates that
infection of the CNS requires or is at least supported by
viral spread through blood, and therefore significantly
depends on the velocity and strength of the antibody re-
sponsem]. However, virus excretion continues for about
1 mo. Although it is not clear why shedding is going on
for so long, the termination of shedding and final viral
clearance seem also to be mediated by antibodies because
hypogammaglobulinemia may result in persistent excre-
tion for years"™ and because T-cell deficiency does not
result in persistent viral excretion*,

Mucosal anti-PV IgA (SIgA) is detectable 1 wk after
infection in pharyngeal and stool samples, whereas sIgA
appears 3 wk post exposure (Figure 1). Both responses
reach their maximum levels approximately 4 wk after in-
fection, but SIgA with a higher magnitude than sIgABg’m.
The source of these antibodies is not known. The muco-
sal immunity to PV provides substantial resistance against
secondary infections”™, and seems to play an important
role in preventing spread of PV. This is evident, as in
contrast to inactivated PV vaccine, which is less effective
than the live vaccine in stimulating enteric immunity, the
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Figure 1 Time courses of viral excretion, viremia and of the antibody responses after infection with poliovirus, coxsackievirus, human rhinovirus and hep-
atitis A virus. This figure schematically shows the mean duration and relative intensity of viral spread and the antibody responses against the viruses. PV: Poliovirus;
CV: Coxsackievirus; HRV: Human rhinovirus; HAV: Hepatitis A virus; SIgA: Secretory IgA; sigA: Serum IgA.

oral live-attenuated PV vaccine is much more effective
in preventing intestinal infection and has a much greater
dampening effect on fecal shedding of PV, Both
vaccines, however, induce similar levels of circulating an-
tibodies. As mentioned above, the mechanism by which
anti-PV antibodies terminate viral shedding and are able
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to clear infection is not known. However, it can be as-
sumed that in the intestinal epithelium the cell-to-cell
spread of progeny viruses, which are released after lysis
of the infected cells, is interrupted by the enteric anti-PV
IgA antibodies". Alternatively, antibody-mediated lysis
of infected cells could also be involved.

June 12,2012 | Volume1 | Issue 3 |



In contrast to the neutralizing antibody response to
PV, much less is known about the adaptive T-cell re-
sponses and their probable role in PV infections. PV-
specific CD4" T cells are induced in vaccinated individu-
als, and epitopes have been identified®. The induction
may occur by dendritic cells and macrophages infected
with PVP. This also shows that HLA class II presenta-
tion remains intact in infected antigen presenting cells.
The resultant CD4™ T cells were also able to produce
IFN-y and lyse infected target cells™. The cytolytic ability
together with the ability to secrete IFN-y allows the as-
sumption that PV-specific CD4" T cells may play a role in
virus clearance. Furthermore, stimulation of PV-specific
cytotoxic CD8" T-cell (CTL) responses by infected mac-
rophages could be demonstrated, and these CTLs secreted
IFN—'ym. This implies that virus clearance is not only due
to the CD4" T-cell/ antibody response, but that the CTL
response might also play a role. Since the 1950s, inactivat-

ed and live-attenuated PV vaccines have been available”™”.

Coxsackie virus
After respiratory and fecal-oral transmission, respectively,
the incubation time is approximately 5 d, but may last
for up to 35 d. These viruses cause a systemic disease,
both acute and chronic, with a wide variety of symptoms.
Besides infection of the epithelial tissues, the viruses ex-
hibit myotropism and a tendency to infect the central and
peripheral nervous system by humoral spread, and the
acute clinical appearances may range from influenza-like
symptoms (minor summer illness) to myocarditis, aseptic
meningitis as well as myelitis. The duration of acute ill-
ness is usually between 3 and 8 d. Post-acute symptoms
include myocarditis and pericarditis, which may persist
for weeks™ ™ and infections have been linked to the in-
duction of autoimmune diseases such as chronic myocar-
ditis and type 1 diabetes. Excretion in feces and nasal se-
cretions, respectively, occurs between days 2 and 28 after
infection, reaching its peak 6 d post exposure. A viremic
phase may be observed from days 2 till 8 after infection.

Most of the data available on the courses of the anti-
body responses were obtained by experimental respiratory
infections in volunteers or with the mouse model. CV-
neutralizing IgM antibodies, which may be serotype-spe-
cific or cross-reactive, appear 3 d after exposure (Figure 1).
They reach their maximum titer level 1 wk after infection
and typically disappear in the course of 3 mo"™”"%,

Little is known on the anti-CV IgA responses. How-
ever, the sIgA and IgM responses seem to interfere with
each other”, which means the higher the one is the lower
the other is with regard to their relative values. In some
patients an IgA response is not detectable at all through-
out the course of the infection. The presence of anti-
CV IgA antibodies is detectable approximately 15 d post
infection for the first time (Figure 1). These antibodies
reach their peak level 21 d after exposure and disappear in
the course of 6 wk'".

The anti-CV IgG response approximately appears
4 d after exposure (Figure 1). These antibodies reach their
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maximum titer 2-3 wk after infection and may persist for
years” ! The humoral response plays a prominent role
in limiting virus spread to different tissues by blood as
well as in viral clearance. In patients with agammaglobu-
linemia the infection spread to, and persisted in, the cen-
tral nervous system! ">, CV infection of B cell-deficient
mice results in chronic, high-titer infections in multiple
organs, like heart, liver, lung and pancreas, and transfer of
immune B cells at least transiently resulted in clearance
of CV from all tissues™. Furthermore, the importance
of antibodies is demonstrated by the finding that passive
transfer of immune serum globulin reduces viral titers and
symptoms in patients”. As demonstrated by passive im-
munizations with sera from fully recovered patients (within
72 h after infection), the presence of antibodies is also
sufficient to prevent secondary infections.

In contrast to the evidently central protective role of
anti-CV antibodies during coxsackievirus infections, some
studies have shown that anti-CV IgG-mediated CV infec-
tion of monocytic/macrophagic cell lines, lymphocytes
and plasmacytoid dendritic cells (pDC) via Fc receptors
is possiblew’“’ﬁg], thus showing that IgG antibodies might
contribute to virus dissemination in the body, enhance
infection and exacerbate disease under certain circum-
stances. This effect must be taken into consideration in
the development of vaccines.

The role of the T-cell responses in coxsackievirus infec-
tions is not clear. The data obtained with different mouse
strains or different virus vatiants are controversial®"*>*"™.,
Using T cells directed against lymphocytic choriomenin-
gitis virus-specific epitopes as sensors to evaluate antigen
presentation by a recombinant CV expressing these epit-
opes, it was shown that the virus strongly inhibits antigen
presentation through the MHC class [ pathwaym, and
therefore is able to evade CD8" T-cell immunity. In con-
trast to the low presentation by MHC class I molecules,
MHC class I -restricted presentation occurred at least
at a level that might enable a primary CV-specific CD4"
T-cell responsem.

Coxsackievirus infections are suspected to be in-
volved in the induction of autoimmune reactions particu-
larly against cardiac cells and pancreatic islet cells. How-
ever, a discussion of this aspect is beyond the scope of
this review. In short, these reactions are directed against
self-antigens by pre-existing auto-reactive lymphocytes.
Coxsackieviruses might contribute to the activation of
these lymphocytes by making more antigens available
by the release of cellular components, which in addition
might present novel, cryptic epitopes resulting from the
cleavage of cellular proteins by the viral proteases 2A
and 3C, during cytopathogenic infection and by promot-
ing responses to these new antigens by presentation in
an inflammatory context, which stimulates migration of
lymphocytes to the relevant tissues’ . There is no vaccine
for active immunization against CV infections.

Human rhinovirus
After transmission by the respiratory route (sneezes) or
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after infection by self-inoculation (hand into nose con-
tact), the mean incubation time is 2 d. The typical symp-
toms are these of the common cold (rhinorrhea: running
nose, swelling of the epithelial tissue), which last on aver-
age for 3 d. Virus shedding in the nasal secretions already
occurs 8-10 h after exposure, reaches maximum levels
between days 2-7 and sometimes may continue till day 14
after infection at very low levels™"™. Besides this com-
mon course of infection, virus might spread from the
ciliated epithelial cells of the upper respiratory tract into
the lower airways resulting in asthmatic exacerbations'”!

Anti-HRV SIgA in nasal secretions occur approxi-
mately 7 d after infection, a time point when the illness
had subsided already, reaching their maximum level ap-
proximately 16 d post exposure[z‘ﬂ (Figure 1). In contrast
to SIgA, sIgA to HRV does not increase before 6 wk
after infection (Figure 1). The same applies for the anti-
HRYV IgG response, which develops between 6 and 7 wk
after exposure and persists for approximately 1 year™
(Figure 1). However, during secondary infections detect-
able amounts of serum antibodies to HRV may develop
between 1 and 2 wk after infection, reaching their peak
titer 5 wk post exposure[76’78].

The antibody response to HRV does not seem to play
a role in virus spread and clearance, because it appearts
only after the end of the illness, and in persons with IgA
deficiency and hypogammaglobulinemia normal recovery
from illness occurs'”. Furthermore, antibody production
occurs on an average only in 50% of the cases and neu-
tralizing antibodies, which do not show cross-reactivity,
generally are produced in low amounts’ ™, Therefore,
protection by antibodies against secondary infections
with HRYV, which additionally appear in extraordinary dif-
ferent versions of serotypes, is strongly limited.

The T-cell response to HRV is incompletely under-
stood. An increase in lymphocytes 3-4 d after exposure
can be observed in nasal secretions. Specific CD4" T-cell
clones, which secreted the Th-1 type cytokine IFN-y,
could be isolated in peripheral blood from persons with
previous disease™*"!. These T cells showed serotype cross-
reactivity™”. This implies that CD4" T cells can be activat-
ed by shared viral determinants, and can induce recall T-cell
responses to HRV. One study suggests that eosinophils
might act as antigen-presenting cells, which activate CDh4"
T cells™. No data are available on an involvement of cy-
totoxic CD8" T cells (CTL). There is no vaccine (neither
passive nor active) against HRV infections.

HAV

After oral uptake, the mean incubation period is 4 wk. The
preicteric period of normally 5 d with unspecific symp-
toms (nausea, malaise, headache) ceases with the onset
of jaundice, which lasts on average for 3 wk. Fecal shed-
ding of HAV already occurs during the late incubation
period when no clinical symptoms are observable, and
lasts for approximately 3 wk. The fecal excretion reaches
its maximum just before the onset of hepatocellular injury
and terminates about the time when the IgG antibody re-
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sponse is detectable (Figure 1). Viremia occurs a few days
before and during the eatly acute stage and roughly paral-
lels the fecal shedding, but at a lower magnitude. Besides
this common course of infection, prolonged and relapsing
courses occur in up to 25% of the patients[83].

Anti-HAV IgM antibodies are present in almost all
patients at the onset of the symptoms (3-4 wk post infec-
tion). These antibodies reach their maximum level 2 mo
post exposure, have only weak neutralizing activity and
typically disappear in the course of 3 mo (Figure 1). But
in the course of prolonged courses, IgM can be detected
up to 1 year after onset of icterus®# %,

Anti-HAV IgA antibodies are also detectable at the
onset of the symptoms in blood (sIgA) (Figure 1). This
response reaches its peak titer 50 d post exposure and may
last for more than 5 }7ears[28’29’85’861. The majority of the IgA
remains in circulation as sIgA and is not secreted into the
intestinal tract as SIgA by the polymeric immunoglobu-
lin receptor (pIgR) pathway. But a significant fraction
of the sIgA may be released into the intestines zza bile
by liver functions mediated by the hepatocellular IgA-
specific asialoglycoprotein receptor (ASGPR), and fecal
samples contain IgA from 5 to 6 wk till 3 to 6 mo post
infection® (Figure 1). Salivary anti-HAV IgA is also
detectable in patients, which course parallels that of fe-
cal IgA[()O]. But the role of SIgA in the protection against
HAV infections appears to be limited, as neutralizing
activity in most human specimens is barely detectable,
which correlates with animal studies™. Results obtained
with cultured cells as well as in a mouse model suggest
that HAV-specific IgA can serve as a carrier molecule
for a liver-directed transport of HAV, supporting and
enhancing the hepatotropic infection by uptake of HAV/
IgA immunocomplexes via the ASGPR"™. It could be
shown that IgA-coated HAV is translocalized antivectori-
ally from the apical to the basolateral site of cultured po-
larized epithelial cells via the pIng], and it was assumed
that fecal HAV/ IgAmw, whose stability enables its fecal-
oral transmission”", is able to support the primary in-
fection utilizing the IgA receptors. Furthermore, it was
postulated that an enterohepatic cycling of HAV may be
established duting infection by HAV/IgA resulting in en-
dogenous reinfections of the liver until large amounts of
highly avid IgG displace the IgA in the HAV/IgA com-
plexesmj. Depending on the individual immune response,
this mechanism may play a role in the development of
the different courses of hepatitis A", With respect to
the anti-HAV IgA response in general, it is not clear by
which processes and mechanisms induction occurs.

Neutralizing anti-HAV IgG antibodies are detectable
3-4 wk post infection for the first time, but this response
develops slowly, reaching its peak titer 4 to 5 mo post in-
fection (Figure 1), a time point late in the convalescence
phase[zg‘zq’ssl. Anti-HAV IgG persists lifelong, although the
titer may fall to undetectable levels after several decades.
Although the minimum level of neutralizing antibodies
that protects against infection and disease is unknown, an
estimate of a minimal protective level is approximately
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20 mIU/mL blood. Circulating anti-HAV IgG of the
developing IgG response may limit viremia and thus re-
infections at different hepatic sites by progeny virus, but
is sufficient to prevent subsequent secondary infections.
Passive immunization with pooled immune serum globu-
1in”> of at least 100 TU anti-HAV can prevent the dis-
ease for up to 5 mo with a certainty of 80%-90%. Definite
duration of protection by immune serum globulin is dose
related” ™. Studies suggest that passive immunization
does not always prevent infection, but ensures an asymp-
WL TG s still used for
post exposure prophylaxis. If administered within 2 wk

tomatic course of the disease

after exposure, either development of the disease is pre-
vented or the severity of the disease is attenuated as well
d”*'% Since 1992, inactivated
vaccines are available! , which protect against both
infection and disease caused by all strains of HAV with
100% efficacy for at last 10 years. Live, attenuated vaccines

as virus shedding is reduce
104-106]

have been developed using virus adapted to growth in cell
culture™”, but were poortly irnmunogenic“og]. Nonetheless,
such a vaccine has been widely used in China and appears
to be capable of inducing protective levels of antibody!""”,
However, as anti-HAV IgA might be induced by live vac-
cines and act as pathogenicity factor for hepatitis A (see
above), this approach might not be advantageous as com-
pared to the inactivated vaccines.

Cleatly, the antibody response to HAV prevents sec-
ondary infections and may limit viral spread during infec-
tion. But with regard to viral clearance and destruction of
infected hepatocytes, anti-HAV antibodies do not seem to
play a role. Destruction of infected hepatocytes by HAV-
specific antibodies with or without the help of comple-
ment could not be demonstrated”™. However, it has been
shown that HAV-specific, HL.A-restricted cytotoxic CD8"
T lymphocytes (CTL) play a prominent role both in elimi-
nating the virus and in causing liver injury (immunopatho-
genesis). CTLs were identified in liver biopsy specimens
obtained during the acute infection””, Nearly 50% of
the liver-infiltrating, cytotoxic T-cell clones displayed HAV-
specific cytotoxicity. During activity the CTLs produced
IFN—'ym’“Ol, which may stimulate HLLA class I expression
on hepatocytes and in the following promote upregulation
of the normally low level display of antigen on liver cells
resulting in more efficient destruction of infected cells
by these CTLs. During this acute phase of infection only
1%-2% of the CTLs in peripheral blood showed HAV-
specific cytotoxic activity™, whereas 2-3 wk after onset
of icterus", which means during the early convalescent
phase, HAV-specific CTL activity reached peak levels in
peripheral blood. This indicates that HAV-specific CTLs
accumulate in the liver during the acute phase, and after
the destruction of the infected hepatocytes leave the liver
back into blood. Multiple dominant T-cell epitopes could
be identified in the proteins VP1, VP2, VP3, 2B, 2C and
mainly 3D""?, This multitude of T-cell epitopes combined
with an inhibitory effect of HAV on CTL-suppressing
regulatory T' cells during the acute phase of the disease!""”
seems to result in a strong activity of HAV-specific CTLs
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leading to an efficient elimination of HAV, which might
prevent persistence of the virus. Also NK T cells seem to
be involved in the elimination of HAV and the destruc-
tion of hepatocytes[m].

INNATE IMMUNE RESPONSE

The innate immune system is designed to enable fast cell
reactions to invading microorganisms. It is not aimed to re-
spond to a specific pathogen, but pathogens are recognized
by particular molecular patterns, which are specific for
certain groups of pathogens (PAMP; pathogen-associated
molecular pattern), but not found within cellular molecules.
After recognition of viral molecular patterns, the synthesis
of proteins, including a variety of cytokines and enzymes,
and/or reactions, like apoptosis, are induced, which are
able to interfere with the growth of the virus at the site
of infection. Virus-specific molecular patterns are espe-
cially single-stranded RNA (ssRNA) and double-stranded
RNA (dsRNA) (in the case of DNA viruses, unmethyl-
ated CpG DNA is additionally recognized by the TLRY).
ssRNA represents viral RNA genomes either introduced
by the invading virus or produced by virus replication, and
dsRNA represents viral replication intermediates (in the
case of dsRNA viruses it also represents the genome). As
these viral nucleic acids can only be detected if they are
freely present in the cytoplasm, sensing of viruses and in-
duction of the cellular antiviral activities are only possible
after the infection of cells has already occured. By far the
most prominent reaction against viruses is the production
and secretion of type I IFN by infected cells, resulting in
the establishment of an antiviral state in the surrounding
cells by expression of proteins with antiviral activity. Thus,
viral spread in the infected tissue is contained. Type I IFN,
which can be induced in virtually all cell types, represents
numerous subtypes of IFN-q and a single IFN-f3. The ma-
jor cytoplasmatic recognition receptors are RIG-1"*!">"
and MDA-5"" which both are cytosolic and may associ-
ate with stress granules, as well as TLR3"™" which is
localized in endosomal membranes. These three receptors
activate the IKKe/TBK1 kinases [inhibitor of nuclear
factor (NF)-kB kinase ¢/ TANK-binding kinase 1]""""*
via the adaptor proteins MAVS (mitochondrial antiviral
signaling protein; RIG-T and MDA-5)""* and TRIF (TTR
domain-containing adaptor inducing IFN-f3; TLR3)"™,
respectively. These kinases phosphorylate interferon regu-
latory factor 3 (IRF-3), which results in IRF-3 dimerization
and cytoplasmic-to-nuclear translocation ™"

I where it
induces IFN-f transcription as a central component of
the transcription complex[m’lm. Three additional tran-
scription factors participating in the induction of IFN-f
transcription are NF-kB, ATF-2 and c-Jun, which are
activated by signaling pathways also starting from MAVS,
After secretion, IFN-f binds to the type I IFN receptor
(IFNAR1/2) on neighbouring cells, resulting in expres-
sion of a variety of interferon stimulated genes (ISGs)
via the Jak/STAT signaling pathway, which additionally

includes the transcription factor IRF-9 and the interferon
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stimulated response element promoter element. In gen-
eral, upon activation by viral stimuli these antiviral ISG
proteins [e.g., protein kinase R (PKR) or oligoadenylate
synthetase] affect the cellular, macromolecular synthesis
(transcription, translation) and consequently viral growth.
Induction of IFN-a requires the IFN-B-induced IRF-7,
which is also activated by the IKKe/TBK1 kinases, but
1s not constitutively expressed as compared with IRF-3.
Thereby, the effects of IFN-f are amplified in the course
of the IFN response.

Besides induction of IFN synthesis in infected cells,
apoptosis may be initiated by activation of caspases.

These antiviral effects are supported by cytokines,
which are produced by monocytes/macrophages, dendritic
cells, granulocytes (eosinophiles, basophiles and neutro-
philes) and NK cells activated by cellular contents and
debris released by the destruction of infected cells. For in-
stance, cellular destruction may be caused by the cytolytic
activity of cytopathogenic viruses. In this way, a hostile,
inflammatory environment is cteated, which can be chat-
acterized by the presence and the amount of the different
cytokines and of the different inflammatory mediators,
which ate induced by the cytokines in the cells at the site
of infection (certain enzymes, prostaglandines/leukot-
riens, reactive oxygen intermediates). Simultaneously, the
adaptive immune response is activated by effects of the
cytokines (e.g, upregulation of antigen presentation).

In general, the effects caused by the innate immune
system depend on the specific composition of the cyto-
kine pattern, which is created by cell type-specific reactions
of the cells involved in the antiviral response, including
the leukocytes and the specialized cells of the tissue in-
fected. Therefore, the innate immune response will vary
according to the cell type infected. In addition, the re-
sponse is influenced and modified in a specific manner by
the ability of the viruses to interfere at certain sites of the
cellular reactions (Figure 2). These specific interactions
between host cell and virus significantly contribute to the
pathogenesis of the infection, which can for example be
clinically observed in the viral-specific course of the fever
curve.

In the following, an overview of the interactions be-
tween PV, CV, HRV and HAV and the innate immune
system is given.

PV

PV is partially resistant to type I IFN. In experiments
using cells pre-treated with IFN-q, PV resistance against
type I IFN correlated with the amount of virus infect-
ing each cell™, and it was shown that the viral protease
2A can inhibit the activity of ISG proteins. However, this
ability depends on the cell type infected. In PV receptor-
transgenic mice (only infectable because of this genetic
modification), virus replication is limited to the central
nervous system, whereas in mice which additionally lack
the receptor for type I IFN, replication also occurs in
liver, spleen and pancreas“ﬁ]. This presumably reflects
cell type-specific antiviral effects of IFN which can not
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be inhibited by 2A. It is unknown which ISG proteins
inhibit PV replication and by which mechanism 2A in-
terferes with these proteins, but it was demonstrated that
the IFN-inducible PKR is degraded by the PV protease
2A in cells infected with PV,

The release of IFN-f from cells infected with PV is
repressed by a variety of mechanisms. Transcription,
translation and secretion of IFN are affected by participa-
tion of the polioviral proteases 2A and 3C as well as by
the protein 3A, which is able to interact with intracellular
membranes. MDA-5 is degraded during infection in a
proteasome- and caspase-dependent manner . Al-
though the mechanism involved is not fully understood,
MDA-5 cleavage might be triggered by the proteases 2A
and 3C, respectively (Figure 2). Both 2A and 3C mediate
PV-induced apoptosism()’mm
age, release of cytochrome c, and activation of the cas-
pases 3 and 9" The caspases might produce cleavage
products of MDA-5, which are substrates for the protea-
some. The apparent disadvantage of inducing apoptosis
in cells infected can be compensated by the fast replica-
tion of PV, and the apoptosis-induced MDA-5 cleavage
resulting in suppression of IFN synthesis provides the

, causing mitochondrial dam-

opportunity that newly synthesized viruses are able to
infect neighbouring cells, in which no antiviral status is
established. However, inhibition of MDA-5 cleavage did
not influence PV replication[13
signaling pathways for IFN induction are available after
PV infection. In this context it is remarkable that PV-3C
cleaves RIG-1"". This might indicate that this sensor of
viral nucleic acids, too, is involved in the recognition of
picornaviral RNA, although it is believed that MDA-5 is
the major sensor receptor. Not only are both cytoplas-
matic RNA sensors cleaved during PV infections, but
also is the mitochondrial protein MAVS that is transmit-
ting the signal from the sensors downstream cleaved by
the proteases 2A and 3C, in which 3C seems to be posi-
tioned at the mitochondrial membrane by 3A of the pro-
cessing intermediate 3ABC""). Therefore, different sites
inside the RIG-I/MDA-5 pathway are attacked by PV,
which might result in cooperative or synergistic effects,

i indicating that alternative

and might compensate for the only partial resistance of
PV to IFN.

The viral proteases are not only involved in the inacti-
vation of components of the signaling pathway resulting
in induction of IFN transcription, but also cleave other
cellular proteins, including eIF4G" (cleaved by 2A),
which is necessary for cap-dependent initiation of cel-
lular protein translation, and PABP"* (cleaved by 3C),
resulting in an attenuation of IFN-f translation (Figure 2).

Besides inactivation of cellular proteins necessary
for expression of IFN-f by proteolytic cleavage through
viral proteases, a significant reduction in secretion of
IFN-f as well as of the pro-inflammatory cytokine inter-
leukin-6 (IL-0), is caused by localization of the viral 3A
protein to the ER leading to an attenuation of the ER-
to-Golgi traffic"*’ (Figure 2). This mechanism results in a
diminished IFN response as well as in an attenuation of
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Interference of picornaviruses with the IFN-system
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Figure 2 Interference of picornaviruses with the interferon system. This figure schematically shows the sites and effects of the interference of poliovirus, cox-
sackievirus, human rhinovirus and hepatitis A virus with the interferon-@ response. For more details we refer to the text. PV: Poliovirus; CV: Coxsackievirus; HRV: Hu-
man rhinovirus; HAV: Hepatitis A virus; IFN: Interferon; IRF: Interferon regulatory factor; ISGs: Interferon stimulated genes; MDA: Melanoma differentiation-associated
gene; dsRNA: Double-stranded RNA; PKR: Protein kinase R; TLR: Toll-like receptor; MAVS: Mitochondrial antiviral signaling protein; ISRE: Interferon stimulated
response element; OAS: Oligoadenylate synthetase; RIG-I: Retinoic acid-inducible gene I.

inflammation. Additionally, the rate of MHC-I transport CV is sensitive to IFN-f3, and treatment of patients with

to the cell surface is reduced, resulting in an inhibition of myocardial virus persistence with this cytokine results
antigen presentation and therefore of the adaptive CD8" in elimination of the virus'"*’. The protective role of
T-cell response. the IFN-f system was demonstrated in mice lacking
In summary, PV seems only to be able to interfere the type I IFN receptor and in IFN—[S’/’ mice, respec-
partially with certain sites of the signaling and synthetic tively! ™", In these mice the susceptibility to infection
pathways participating in the innate immune response to as well as the severity of the discase was significantly
the virus. But the virus seems to be capable to dampen increased. These findings correlate with results obtained
the innate responses to a certain degree by interference with mice deficient in the genes for MDA-5"%"1 2nd
with multiple sites in these pathways, allowing the virus TLR3"™, respectively. The pronounced effect on mortal-
to establish infection. ity in MDA-5/TLR3 double-knockout mice after CV in-
fection might indicate a cooperative role of these recep-

Coxsackie virus tors" ', These results show that MDA-5 and TLR3 are
The innate immune response against CV was investigated involved in IFN-f induction during CV infections. How-
in the presence of different post-acute symptoms, utiliz- ever, this does not influence virus titers ™. Tt is possible
ing different cell types in cell culture experiments as well that type I IFN reduces mortality during infection inde-
as different mouse strains and different virus strains, and pendent of its effect on viral replication. Nevertheless,
accordingly, the available data is versatile. We will give a CV is able to attenuate the IFN response by protease 3C-
summary on the processes found that apply in general. mediated cleavage of the adaptor protein MAVS, which
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transmits the signal from MDA-5 to the IRF-3 kinases,
and the adaptor protein TRIF, which transmits the signal
from TLR3 to the IRF-3 kinases'™ (Figure 2). Cleavage
of these adaptors also inhibits apoptotic signaling. In ad-
dition, secretion of IFN and other cytokines, which are
induced by other pathways, as well as MHC-I transport
to the cell surface for antigen presentation, are inhibited
by the viral protein 2B, which localizes to the Golgi com-
plex, thus inhibiting trafficking through the Golgi™*""
(Figure 2). The intercalation of CV-2B into the Golgi
membranes also results in down-regulation of Ca™ sig-
naling between Golgi and mitochondria and consequently
in suppression of the apoptotic cell responsemg].

Besides TLR3, coxsackievirus infections can be also
sensed by further TLRs", including TLR7 and TLR8""™
which recognize viral ssSRNA. These receptors can me-
diate production of pro-inflammatory cytokines and
type I IFNs in human cardiac cells and pDC. But this
response seems to occur late in the course of the infec-
tion, after the antibody response to CV has developed, as
TLR7 activation seems to appear after the IgG-mediated
entry of CV into pDCs via the Fc receptor, and absence
of MyD88, the adaptor molecule for TL.R7, does not af-
fect the mortality rate of CV infections!™", Amazingly,
TLR4, which is normally activated by bacterial lipopoly-
saccharides, appears to be activated by CV resulting in se-
cretion of pro-inflammatory cytokines, which correlates
with a mote severe course of the disease! '), However,
the mechanism of activation by CV is unknown. Al-
though CV can be recognized by several receptors sens-
ing viral nucleic acids, TLR3 seems to play a critical, non-
redundant role. TLR3 deficient mice are unable to control
CV replication, and activation of alternative pathways is
not sufficient to protect the host™>'!,

It has been demonstrated that several innate effector
cell types, including NK cells, macrophages and dendritic
cells are involved in the secretion of the cytokines and
pro-inflammatory mediators during the innate response
to CV"™, Depletion of NK cells, which are involved in
the maturation of DCs and activation of T cells, sub-
stantially increased CV titers in the heart or pancreas[165].
Concerning the role of macrophages, it has been demon-
strated that inducible nitric oxid synthase expressing mac-
rophages migrate to CV-infected tissues, that inhibition
of this enzyme results in higher viral titers'*, and that
adoptive transfer of macrophages from wild type mice
has protective effects in TLR3-deficient mice by reducing
cardiac disease and mortality following CV infection ™,
With regard to dendritic cells, their subset composition
and functionality have an impact on the development of
myocarditis“mj.

The role of CV binding to the complement compo-
nent C3 and activation of the alternative pathwaylms] is
not clear, but might be involved in the development of
myocarditis by the effects of C3a and C5a on activation
of leukocytes.

A whole series of different substances (cytokines,
chemokines and mediators of inflammatory reactions)
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and cell types of the innate immune system show correla-
tions with autoreactive processes following CV infection.
However, it has not clearly been shown in which way
they contribute to the disease. But the balance of timing,
duration and amount of expression of the different cy-
tokines, which depends on the strength of signaling from
the different pathways and results in a certain cytokine
pattern, seems to be important and critical for the devel-
opment of an appropriate antiviral response that does
not degenerate into autoimmunity (for review see Richer

2009,

Human rhinovirus

During HRV infection, a variety of antiviral factors are
released by the epithelial cells including the vasoactive
peptide bradykinin and the pro-inflammatory cytokines
IL-1p, tumor necrosis factor o, IL-6 and 11.-8, which ac-
tivate granulocytes, dendritic cells and monocytes to mi-
grate to the site of infection """, TL.-8 especially attracts
neutrophiles, which might contribute to the exacerbation
of asthma observed in infections'”", Type I IFN, to
which HRV is sensitive! ™™, is detectable in nasal secre-
tions in approximately 30% of the patients”, but up-
regulation of the IFN-induced MxA protein in the nasal
mucosa could not be detected"™. As HRV can replicate
in certain cells pre-treated with IFN-0"", the virus has
the ability to interfere with the activity of ISG proteins
and attenuate the effects of type I IFN. However, the
mechanisms involved are unknown.

Although HRV seems to be eliminated by the innate
immune responses, the virus has the ability to affect
several components of the IFN-f induction pathway
(Figure 2). At least certain types of HRV are able to cleave
the cytosolic viral pattern recognition receptors MDA-5
(type 12)"" and RIG-I (type 16)"*, respectively. Cleav-
age of the mitochondrial protein MAVS also could be
demonstrated during HRV 1a infection*’ (Figure 2).
This cleavage is mediated by the viral proteases 2A and
3C. Here, the activity of 3C seems only to be displayed
by the processing intermediate 3ABC, which is directed
to the mitochondrial membrane by the function of 3A.
However, 2A as well as 3C mediate the HRV-induced
apoptosis“m, which has antiviral effects. But caspase-3,
which is activated during apoptosis, is able to support the
2A/3C-mediated inhibition of MAVS signaling by cleav-
age of MAVS"™ Furthermore, the secretion of cytokines,
including IFN, is inhibited by HRV-2B, which localizes
to the Golgi membranes resulting in the inhibition of the
secretory pathway“m. This effect might also delay MHC-I
presentation. By this attenuation of the IFN-f response,
the fast replicating HRV might gain time to establish in-
fection at least locally and thus to secure its transmission.

HRYV is also able to attenuate the inflammatory effects
caused by the cytokines released from epithelial cells dut-
ing infection by induction of IL-10 secretion in mono-
cytes and macrophagesm’m]. The mechanism by which
HRYV causes this effect is unknown. IL-10 does not only

inhibit the production of pro-inflammatory cytokines' ™,
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but also downregulates MHC class I molecule expres-
sion'””, which results in inhibition of T cell activation.
This inhibitory effect on T-cell stimulation might con-
tribute to the delayed adaptive immune response against
HRYV and might be supported by additional viral effects
on antigen presenting cells"™, Although HRV does not
infect leukocytes, the virus binds to these cells »z the in-
tercellular adhesion molecule-1""", which serves as cellular
receptor of the major group of HRV, and is important in
leukocyte migration and stimulation of T-cell responses.
This binding results in an enhanced adhesiveness of
monocytes/macrophages“79], which thereby might be
retained longer at the infected sites. As a result, delayed
emigration of these cells to lymph nodes might occur,
which in combination with an attenuated stimulatory ef-
fect on T-cell proliferation might inhibit T-cell activation.
An additional inhibitory effect on the adaptive T-cell
response might be due to HRV-induced upregulation of
CD274 and sialoadhesin (Siglec-1) on dendritic cells"™".,
Both molecules inhibit the T-cell stimulatory function of
DCs, but the mechanisms involved are unknown.

HAV

Experimental elimination of HAV infections in human fi-
broblast cultures by exogenously added IFN-o./B showed
that HAV is not resistant to these IFNs”"™" but reports
on the presence of type I IFN during the acute phase
of HAV infections are controversial. Some indicate that
patients do not produce IFN""™ while in other reports
evidence for the presence of IFN is announced™ "’

At the cellular level, HAV infections result in a persis-
tent noncytopathic infection”™"™ and neither measur-
able IFN-a./ B levels™ nor interference with the infec-
tion by other viruses' " could be detected in lymphocytes
and fibroblasts infected with HAV. Further investigations
showed that HAV does inhibit IFN-3 transcriptionm”
by effectively blocking IRF-3 activation'"””, presumably
due to a cooperative effect of the HAV proteins 2B and
3ABC™ (Figure 2). While MAVS is targeted for HAV
protease 3C-mediated proteolysis by 3ABC, an interme-
diate product of HAV polyprotein processing localized
to mitochondria by 3A"" 2B seems to interfere with
MAVS as well as with the kinases IKKg/TBK1 by a so
far unknown mechanism!"””. Tt is assumed that the effects
of 2B on MAVS and the kinases indirectly result from
interactions of 2B with cellular membrane structures. It
could also be demonstrated that HAV is able to affect
the TLR3 transduction pathway by direct interaction with
TRIF"™ (Figure 2).

These results strongly suggest that IFN-f3 does not
play a role in preventing HAV infections, and that the abil-
ity of HAV to intetfere with the RIG-I/MDA-5 signaling
pathway allows this slowly replicating virus to establish in-
fection. Furthermore, this strategy of inhibiting IRF-3 ac-
tivation through interference with MAVS and the kinases
may allow HAV to preserve the infection for a longer time
by preventing IRF-3-mediated down-regulation of the
liver cell metabolism"™, and by evading the cellular IFN
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response at later stages of infection, a time point when
RIG-I/MDA-5 may be upregulated by IFN-y secreted by
HAV-specific CTLs (see “Adaptive Immune Response”),
enhancing cell responsiveness to viral RNAMT,

HAV also has the ability to prevent apoptosis in-
duced by accumulating dsRNA"" but the underlying
mechanism is not clear. It was found that HAV enhances
activation of the transcription factor NF-xB", and as
this pleiotropic factor is involved in expression of anti-
apoptotic genes“()g], the ability of HAV to activate NF-xB
might play a role in the inhibition of apoptosis.

A transient suppression of hematopoiesis with granu-
locytopenia is frequently observed in the preicteric phase
of HAV infections"”””" and in studies with long-term
human bone marrow cultures, HAV-induced inhibition
of hematopoiesis was demonstrated™" ™. As shown with
human peripheral blood monocytes, inhibition of the dif-
ferentiation of monocytes to macrophages by HAV may
be involved in the perturbations of hematopoiesis[zw. This
might result in an attenuation and retardation of the in-
flammatory response and of the induction of the adaptive
immune response against HAV. The mechanism of this
effect is not known. The importance of NK cells for the

. . . . . . 110,205,200
elimination of HAV is controversially discussed!'*">*",

CONCLUSION

The data presented here give an overview of the immune

responses against PV, coxsackievirus, human rhinovi-
rus and HAV, which are the four best-studied members
of the picornavirus family. They illustrate that much is
known about the defense mechanisms of the human
host against infection with these viruses and about the
viral countermeasures, but also that many open questions
exist. The immune responses against these viruses, like
against other viruses, are complex and as diverse as the
viruses themselves.

Processes which are demonstrated for a particular vi-
rus do not necessarily also apply to an other virus of this
family, not even to a different strain of the same virus.
In many cases the viruses were not examined under the
same conditions and circumstances. But there may also
be similarities between the different viruses which have
not been investigated or clearly shown so far. It becomes
evident that the time points at which certain responses
occur during an infection are very variable and seem to
depend on the tissue/cell type infected as well as on indi-
vidual physiological conditions of the patient, like age or
immune status.

Although investigated for many years, some data are
incomplete, like type and duration of the antibody re-
sponses. The significance of some findings is not clear, as
they were obtained using animal models or cultivated cell
lines, which do not represent the natural targets for the
viruses. For some observations and findings, the mecha-
nisms involved are unknown. For example, it is not to-
tally clear which intracellular receptors are involved in the
sensing of picornaviral infections, which signaling path-
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ways are involved in cytokine production or mediate the
effects of the cytokines, and which signaling pathways
are involved in the induction of the expression of cellular
receptors participating in the regulation of the immune
responses. It is not clear which role the innate immunity
plays in recovery from acute infection, and whether the
viruses are able to persist, at least for a certain time, in
patients with immunoglobulin deficiencies as well as in
immunocompetent hosts, and if, in which cell type.

It is not only of importance to find out by which
abilities and mechanisms the human picornaviruses inter-
fere with the immune system, but also to identify certain
pathogenicity factors which allow the viruses to establish
and maintain infection, like the picornaviral 3C protease,
which inhibits induction of TFN-f by cleavage of RIG-1/
MDA-5 signaling components. This knowledge may al-
low the prediction of interspecies transmissions from
animals to humans by certain members of this large, het-
erogeneous family. The risk of such transmissions result-
ing in new emerging diseases is evident by recent epidem-
ics caused by viruses like SARS or hemorrhagic fevers.
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entific article via online office system to evaluate its innovativeness,
scientific and practical values and determine whether it should be
published or not. During peer review, editorial board members can
also obtain cutting-edge information in that field at first hand. As
leaders in their field, they have priority to be invited to write articles
and publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since WJ1”is an OA journal, readers around the world
can immediately download and read, free of charge, high-quality,
peer-reviewed articles from IW]1” official website, thereby realizing
the goals and significance of the communication between authors
and peers as well as public reading; (3) Maximization of the benefits
of readers: Readers can read or use, free of charge, high-quality
peer-reviewed articles without any limits, and cite the arguments,
viewpoints, concepts, theories, methods, results, conclusion or facts
and data of pertinent literature so as to validate the innovativeness,
scientific and practical values of their own research achievements,
thus ensuring that their articles have novel arguments or viewpoints,
solid evidence and cortect conclusion; and (4) Maximization of the
benefits of employees: It is an iron law that a first-class journal is
unable to exist without first-class editors, and only first-class editors
can create a first-class academic journal. We insist on strengthening
our team cultivation and construction so that every employee, in an
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open, fair and transparent environment, could contribute their wis-
dom to edit and publish high-quality articles, thereby tealizing the
maximization of the personal benefits of editorial board members,
authors and readers, and yielding the greatest social and economic
benefits.

Aims and scope

W] aims to report rapidly new theories, methods and techniques
for prevention, diagnosis, treatment, rehabilitation and nursing in
the field of virology. W]~ covers topics concerning arboviral in-
fections, bronchiolitis, central nervous system viral diseases, DNA
virus infections, encephalitis, eye infections, fatigue syndrome, hep-
atitis, meningitis, opportunistic infections, pneumonia, RNA virus
infections, sexually transmitted diseases, skin diseases, slow virus
diseases, tumor virus infections, viremia, zoonoses, and virology-
related traditional medicine, and integrated Chinese and Western
medicine. The journal also publishes original articles and reviews
that report the results of virology-related applied and basic re-
search in fields such as immunology, physiopathology, cell biology,
pharmacology, medical genetics, and pharmacology of Chinese
herbs.

Columns

The columns in the issues of W]I” will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance
in the fast-developing areas; (2) Frontier: To review the most repre-
sentative achievements and comment on the cutrent research status
in the important fields, and propose directions for the future research;
(3) Topic Highlight: This column consists of three formats, includ-
ing (A) 10 invited review articles on a hot topic, (B) a commentary
on common issues of this hot topic, and (C) a commentary on the
10 individual atticles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and provide
strategies on how to solve the questions; (5) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment; (6)
Review: To systemically review the most representative progress and
unsolved problems in the major scientific disciplines, comment on
the current research status, and make suggestions on the future work;
(7) Original Articles: To originally report the innovative and valuable
findings in virology; (8) Brief Articles: To briefly report the novel and
innovative findings in virology; (9) Case Report: To report a rare or
typical case; (10) Letters to the Editor: To discuss and make reply to
the contributions published in W]J1/; or to introduce and comment
on a controversial issue of general interest; (11) Book Reviews: To
introduce and comment on quality monographs of virology; and
(12) Guidelines: To introduce consensuses and guidelines reached
by international and national academic authorities worldwide on the
research in virology.
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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an ex-
pert in Biomedical Statistics to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
efe. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, W] requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors ICMJE), which is available at: http://wwwicmje.
otg/cthical_4conflicts.html.

Sample wording: [Name of individual| has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations], and has received research funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization|. [Name of individual] owns stocks and shates in [name of
organization]. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated clearly in the text that all persons gave their informed
consent prior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
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should also draw attention to the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from expetiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional teview boatd.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained dur-
ing mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wignet.com/esps/. Authors are highly rec-
ommended to consult the ONLINE INSTRUCTIONS TO AU-
THORS (http://wwwwignet.com/2220-3249/g_info_20100722180909.
htm) before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to wjv@wijgnet.com, ot by
telephone: +86-10-85381891. If you submit your manuscript on-
line, do not make a postal contribution. Repeated online submission
for the same manuscript is strictly prohibited.
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All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JE, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang L. and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381891 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in W]/, reviewers of
accepted manuscripts will be announced by publishing the name,
title/position and institution of the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of
Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
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Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

Thete are unstructured abstracts (no less than 256 wotds) and
structured abstracts (no less than 480). The specific requirements
for structured abstracts ate as follows:

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no
more than 20 words): Only the purpose should be included. Please
write the aim as the form of “To investigate/study/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropti-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g: 6.92 £ 3.86 2 3.61 + 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicns, which
reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editorial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /wwwwignet.com/2220-3249/¢_info_20100725072755.htm.

Illustrations

Figureq should be numbered as 1, 2, 3, e«., and mentioned cleatly
in the main text. Provide a bnef title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wijgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Flgure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B:.;Ci.;D: L B Fro Ge et It is our prmclple
to pubhsh hlgh resolution-figures for the prmted and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e, and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third seties of P values can be expressed as ‘P < 0.05 and P<001.
Othcr notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0O, A, /\, ez., in a certain se-
quence.
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Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system

The authot should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in supetscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!?””, Tf references are cited directly
in the text, they should be put together within the text, for example,
“Prom references ™Y, we know that...”

When the authors write the references, please ensure that the
otrder in text is the same as in the references section, and also ensutre
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbets will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.5390).

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg13.
6350]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rthoea. Shijie Huaren Xiaohna Zazhi 1999; T: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2000; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hyperzension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]
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Both personal anthors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bm;j.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI1:10.1046/
j.1526-4610.42.52.7 X]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthep
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97,/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804|

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigatot’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14  Christensen S, Oppacher F. An analysis of Koza's computa-
tional effort statistic for genetic programming, In: Foster JA,
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cde.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data
Write as mean * SD or mean *+ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
y* (in Greek), related coefficient as  (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
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sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L. formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, efe. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2220-3249/
g_info_20100725073806.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSFE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: # time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRl, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http:/ /www.wignet.com/2220-3249/¢_info_20100725071
851.htm

Frontier: http:/ /wwwwijgnet.com/2220-3249/¢_info_20100725071
932.htm

Topic highlight: http:/ /wwwwignet.com/2220-3249/¢_info_20100
725072121.htm

Obsetvation: http:/ /wwwwijgnet.com/2220-3249/¢_info_20100725
072232.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/2220-3249/
g info_20100725072344.htm

Guidelines for clinical practice: http:/ /wwwwijgnet.com/2220-324
9/ g info_20100725072543.htm

Review: http://wwwwignet.com/2220-3249/¢_info_201007250726
56.htm

Original articles: http:/ /wwwwijgnet.com/2220-3249 /¢ _info_2010
0725072755.htm

Brief atticles: http://wwwwjgnet.com/2220-3249/¢_info_2010072
5072920.htm

Case report: http:/ /www.wignet.com/2220-3249/¢_info_20100725
073015.htm

Lettets to the editor: http:/ /www.wignet.com/2220-3249/¢_info_2
0100725073136.htm

Book reviews: http://wwwwijgnet.com/2220-3249/¢_info_2010072
5073214.htm
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Guidelines: http:/ /www.wignet.com/2220-3249/¢_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies of W]/
The revised version including manuscript and high-resolution image
figures (if any) should be te-submitted online (http://www.wjgnet.
com/2220-32490ffice/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wiv@wjgnet.com.

Language evaluation
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