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2 Institut Pasteur of Shanghai, Chinese Academy of Sciences

Message from the Director

In 2010, the Institut Pasteur of Shanghai (IPS) will celebrate its sixth anniversary. It has been
six exciting years, guided by the shared vision and growing friendship of its founders, the Chi-
nese Academy of Sciences, Institut Pasteur and the Shanghai Municipal Government. At Institut
Pasteur of Shanghai we have a clear goal: to contribute to better public health in China and in
the world through excellence in research, sharing of our knowledge and translation of our sci-
ence to concrete public health tools.

The institute is now strong of more then 160 staff including 140 researchers and students. We
will further grow to up to 400 staff within the next 3 years. As we are growing in size we will
enhance our research focus. Research in Infectious Diseases and related domains like immu-
nology and virus-induced cancer will remain our main focus areas. Translational research and
early stage preclinical and clinical proof of concept studies will be driven by centers dedicated to
specific areas like vaccine, diagnostic or therapeutic R&D.

China's current and future economic growth will transform the healthcare sector. At IPS we are
in an excellent strategic position to make significant contributions to this growing healthcare
sector.

We look forward to the opportunities to work with partners worldwide to achieve our goals.

Ralf Altmeyer Bing Sun
Director General          Co-Director

The Director’s message
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Board of Directors
Chinese Academy of Sciences

Jiayang LI, Chairman
Zhiyuan ZHU, Director
Xiaoya CHEN, Secretary General

Shanghai Municipality
Zuxin XU, Vice-Chairman
Guoqing FU, Director

Institut Pasteur
Alice DAUTRY, Vice-Chairman
Christophe MAURIET, Director

Independent Director
Michèle BELLON

Organizational Structure

Structure



4 Institut Pasteur of Shanghai, Chinese Academy of Sciences

Structure

Senior Management
Vincent DEUBEL, Director General (end in July, 2009)
Ralf ALTMEYER, Director General (since Feb, 2010)
Bing SUN, Co-Director
Weihong JIANG, Deputy Director
Ke LAN, Assistant Director
Fang CHEN, Assistant Director
Irenèe ROBIN, Director for Finance and Administration

As of Jan. 15, 2010, IPS has 105 full time staff, including
Administration: 16
Technical support: 9
Principal investigators: 16
Visiting Professor: 5
Assistant research: 66
In addition, there are 6 post-doctoral fellows and 60 students (22 in Master program, 38 in Ph.D
program) at IPS

Scientific Advisory Board (2007-2009)
Xuetao CAO
Director of Institute of Immunology
The Second Military Medical University, Shanghai, China

Hans-Dieter KLENK
Institute of Virology, Marburg University
Marburg, German

W. Ian LIPKIN
Head of Greene Infectious Disease Laboratory
Columbia University, New York, USA

Albert D.M.E. OSTERHAUS
Head of Department of Virology, Erasmus MC
Rotterdam, the Netherlands

Zhongtian QI
Director of Teaching and Research Laboratory of Microbiology
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The Second Military Medical University, Shanghai, China

Olivier SCHWARTZ
Director of Virus and Immunity Unit
Institut Pasteur, Paris, France

Jean-Louis VIRELIZIER
Honorary Professor
Institut Pasteur, Paris, France

Yumei WEN
Scientific Chair and professor of the MOE Key Lab of Medical Molecular Virology,
Shanghai Medical College, Fudan University, China

Guoping ZHAO
Professor, Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences
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General report

Research progress-representative publications
1. Modification of hepatitis C virus 1b RNA polymerase to make a highly active JFH1-
type polymerase by mutation of the thumb domain
Hepatitis C virus (HCV) infection can induce chronic hepatitis, liver cirrhosis and liver cancer,
which is thought to be induced by the interaction between host cells and virus. We think HCV
RNA polymerase plays a very important role in this process. Researchers from the Viral Genome
Regulation Unit of IPS-CAS studied the biochemical character and enzymatic kinetics of JFH1
RNA polymerase, and compared with HCV 1b polymerase. They showed the amino acid sites and
kinetics for the high activity of JFH1 polymerase, and HCV 1b RNA polymerase was modified to
the high active JFH1 type.

Modification of hepatitis C virus 1b RNA polymerase to make a highly active JFH1-type polymerase
by mutation of the thumb domain£¬Archives Virology 2009 154(5): 765-73.

Leiyun Weng, Jiamu Du, Jingling Zhou, Jianping Ding, Takaji Wakita, Michinori Kohara, Tetsuya Toyoda

2. New findings in SARS accessory protein 9b
Eight accessory proteins have been identified in severe acute respiratory syndrome-associated
coronavirus (SARS-CoV). They are believed to play roles in the viral life cycle and may contribute
to the pathogenesis and virulence. Researchers from the Molecular Virology Unit of IPS-CAS
demonstrate that 9b protein is translated from bicistronic mRNA9 via leaky ribosome scanning and

Research progress
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incorporated into both virus-like particles (VLPs) and purified SARS-CoV virions. Further analy-
sis shows that sufficient incorporation of 9b protein into VLPs is dependent upon the co-expres-
sion of E and M proteins, but not upon the presence of either S or N protein. Our data indicate that
9b protein of SARS-CoV is another virion-associated accessory protein. This finding will lead to a
better understanding of the properties of the SARS-CoV 9b protein.

Severe acute respiratory syndrome coronavirus accessory protein 9b is a virion-associated protein,
Virology Vol.388-2, 5 June 2009, 279-285

Ke Xu, Bo-Jian Zheng, Rong Zeng, Wei Lu, Yong-Ping Lin, Liang Xue, Li Li , Lei-Lei Yang , Chen Xu, Jie
Dai, Fei Wang, Qing Li, Qing-Xi Dong, Rui-Fu Yang, Jia-Rui Wu, Bing Sun

3. Recombination and genetic diversity of the rhinoviruses responsible for bronchitis
and pneumonia in Shanghai children
Thanks to a detailed study of the genomes of rhinoviruses identified within a population of Shang-
hai children with acute respiratory syndromes, researchers from Institut Pasteur in Shanghai and
in Paris have discovered multiple and independent recombination occurrences between different
types of rhinovirus, which contribute to a high genetic variability. Such recombination certainly
appeared in the tissues of patients who had been co-infected by different types of rhinoviruses.
The high number of recombinant rhinoviruses among the viruses identified in the rhino-pharynx
samples from children with bronchitis and pneumonia raises the fear of propagation of viruses that
are better to their host and environment.
This study shows for the first time that, similarly to polioviruses of the same family, different
rhinoviruses have a capacity to recombine. This can generate a great diversity of strains, thus
making diagnosis more difficult without a viral isolation method.
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Evidence of recombination and genetic diversity in human rhinoviruses in children with acute respi-
ratory infection. PLoS ONE, 27 July 2009

Ting Huang, Wei Wang, Mael Bessaud, Peijun Ren, Jun Sheng, Huajie Yan Jing Zhang, Xin Lin, Yongjin
Wang, Francis Delpeyroux, Vincent Deubel

4. Measurement of neutralizing antibody responses against H5N1 clades in immu-
nized mice and ferrets using pseudotypes expressing influenza hemagglutinin and
neuraminidase
A neutralizing antibody is associated with the prevention and clearance of an influenza virus infection.
Microneutralization (MN) and hemagglutination inhibition (HI) assays are currently used to evalu-
ate neutralizing antibody responses against human and avian influenza viruses, including H5N1.
The MN assay is somewhat labor intensive, while HI is a surrogate for neutralization. Moreover,
use of replication competent viruses in these assays requires biosafety level 3 (BSL-3) containment.
Therefore, a neutralization assay that does not require BSL-3 facilities would be advantageous.
Toward this goal, researchers of the Antiviral Immunity and Genetic Therapy Unit of IPS-CAS
with cooperation of Sanofi Pasteur. generated a panel of pseudotypes expressing influenza he-
magglutinin (HA) and neuraminidase (NA) and developed a pseudotype-based neutralization (PN)
assay. Researchers demonstrated that HA/NA pseudotypes mimic the release and entry of influ-
enza virus and that the PN assay exhibits good specificity, as well as reveals quantitative differ-
ence in neutralizing antibody titers against different H5N1 clades and subclades. Using immune
ferret sera, researchers demonstrated an excellent correlation between the PN, MN, and HI
assays. Thus, we conclude that the PN assay is a sensitive and quantifiable method for measuring
neutralizing antibodies against diverse clades and subclades of H5N1 influenza virus.

Research progress
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5. A novel mechanism employed by KSHV to maintain that a latent infection was revealed
Kaposi's sarcoma (KS) is one of the most common malignant diseases among AIDS patients.
KSHV, which is the pathologic agent of KS can establish latent infection in host cells and can not
be eradicated. The sero-prevalence of KSHV in the general population is about 5%. It is important
to reveal the mechanism of latent infection maintenance.
Researchers from the Tumor Virology Unit of IPS-CAS identified a new RTA binding protein,
TLE2, and demonstrated that TLE2 inhibited replication and transactivation mediated by RTA.
This provides another potentially important mechanism for the maintenance of KSHV viral latency
through interaction with a host protein.

Cellular corepressor TLE2 inhibits replication-and-transcription-activator-mediated transactivation
and lytic reactivation of Kaposi's sarcoma-associated herpesvirus. Journal of Virology 84(4):2047-2062

Zhiheng He, Yunhua Liu, Deguang Liang, Zhuo Wang, Erle S.Robertson, Ke Lan

Measurement of neutralizing antibody responses against H5N1 clades in immunized mice and ferrets
using pseudotypes expressing influenza hemagglutinin and neuraminidase. Vaccine 27: 6777-6790

Cheguo Tsai,Catherine Caillet, Hongxing Hua,Fan Zhou,Heng Ding, Guoliang Zhang,Boping Zhou,
Shixia Wangd,Shan Lud, Philippe Buchyf,Vincent Deubel,Frederick R. Vogel, Paul Zhou
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6. High prevalence of Bocavirus infection among young children in Shanghai and co-
infection with other respiratory viruses
Since the first discovery of Human Bocavirus (HBoV) in 2005, the detection of HBoV has been
reported worldwide. The researchers from the Emerging Viruses Unit of IPS-CAS have exam-
ined extensively the virological and serological characteristics of human bocavirus infection to
discover the correlation between human bocavirus infection and humoral response, virus persistence,
and co-infection with other respiratory viruses in children with acute respiratory infection.
The Researchers found that the co-infection rate with other respiratory viruses was as high as
51%, and patients with lower copies of HBoV were more frequently associated with co-infection.
Persistence of HBoV was detected in the respiratory tract and in serum and urine up to one month
after infection. Co-infection was often observed in persistently HBoV-infected patients.
This study suggests that acute infection of HBoV causes systemic infection, induces immune
responses, and may play a crucial role in infant respiratory disease.

Correlation between bocavirus infection and humoral response, and co-infection with other respira-
tory viruses in children with acute respiratory infection. Journal of Clinical Virology 47 (2010) 148-155

Kai Wanga, Wei Wanga, Huajie Yanb, Peijun Rena, Jing Zhanga, Jun Shenb, Vincent Deubel

Research progress
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Education and Training
Graduate Course: Course on Basic Virology and Viral Immunology was given to first grade
graduate students of the institute, 11 lecturers were involved into the program.

The weekly student journal club/seminar club
This academic activity was organized by the Student Union. 33 students presented their research
progress or gave journal presentations in 2009. This year, 3 invited speakers shared their experi-
ences on research with students.
Tian XU is Professor and Deputy Head of the Department of Genetics at Yale University, Re-
searcher at Howard Hughes Medical Institute, and Director of the Institute of Developmental
Biology at Fudan University. He stressed the importance of cultivating the capacity for innovation;
Dang-sheng LI, the Deputy Chief-Editor of "Cell Research", introduced how to write scientific
articles;
Pierre TIOLLAIS, member of the French Academy of Sciences, and member of Chinese Acad-
emy of Engineering, described the cloning and functional study of HBV.

2009 Student Journal /Seminar Club Presentation Awards given to:
Seminar club:
1st grade:
Deguang Liang (PI: Ke Lan)
2nd grade:
Leiyun Weng (PI: Tetsuya Toyoda), Chunfu Yang (PI: Qibin Leng)

Journal club:
1st grade:
Qiang Ding (PI: Jin Zhong)
2nd grade:
Lulan Wang (PI: Paul Zhou), Kai Zhu (PI: Qinbin Leng)

Education and training
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Students' Participation to International Meetings and Courses
7 students went to HongKong, Viet Nam, and France to attend international training courses,
forums and for collaborative research.
- July 6 to 25, 2009:  4 students participated in "the sixth Pasteur-Asia Virology Course" in Hong
Kong.

- October 29 to 30, 2009: Yize Li, Ph.D student from the Emerging Viruses Unit, attended the "First
GMS Forum on Japanese Encephalitis/Viral Encephalitis Preventionand Control Achievements
and Orientation" in Hue, Vietnam and presented his report on" Development of JEV NS1 capture
and quantitative assay ".

Education and training
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Public Health Education

In 2009, IPS public health education covered the following activities:

Contributed to lectures organized by AREVA and TOTAL
   •  "Far away from AIDS" program in 2009 with AREVA. 17 HIV/AIDS peer education
volunteers were trained by IPS medical officer. A total of 400 AREVA employees in Xiamen
took part in the AIDS prevention education program.
   •  2 'prevention of viral hepatitis' popular science education events were co-organized by Total
and IPS. More than 500 students and citizens from Shanghai participated in these activities
respectively.

In 2009, IPS organized or co-organized 7 events for public health education
   •  On Mar. 19, Prof. Vincent Deubel, Director General of IPS was invited to give a lecture on
Avian Flu at Xinmin Science Café. He gave the audience a general introduction on the basic
knowledge, transmission and scientific preventive measures of avian flu.
   •  On June 18, Prof. Vincent Deubel was invited to give a lecture on "Emerging Viral Infections:
from animal to human, from AIDS to flu" at the 2nd Shanghai Science Communication Forum on
the theme "HIV/AIDS discovery, Prevention and Control". He urged at the forum that we should
increase researcher awareness on patients' and clinicians' specific problems, promote and coordi-
nate a cooperation network between patients, clinicians and researchers as well as for the public
and private sector.
   •  On May 19, IPS-CAS co-organized a series of events for the 2nd 'Hepatitis Day' with the
Total and Shanghai Association for Science and Technology, including lectures on hepatitis C at
Xinmin Science Café, by Prof. Jin Zhong from IPS and Dr. Qing Xie from Ruijin Hospital, Open-
ing House, etc. to inform the public on viral hepatitis, the fight against discrimination, and to be
aware of the importance of infections disease research.
   •  On Nov. 30, to support the 12.1 World AIDS Day, IPS-CAS co-organized with Shanghai
Pasteur Health Research Foundation a science lecture. Prof. Paul Zhou gave a presentation on
Scientific Challenges in Vaccine Development against HIV.

IPS helped develop a new website "AIDS Museum" initiated by the Shanghai Pasteur Health
Foundation. The objectives of the website are: to facilitate access to AIDS-related scientific
knowledge and understand its proper prevention; eliminate misunderstanding,  reduce fear and
social discrimination, and more effectively control the spread of HIV/AIDS.

Public Health Education
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National Partnerships
IPS-CAS has been active in public health initiatives of China and has become a major partner of
CDCs and clinical collaborators in China.

1. IPS-CAS signed to join in the "China Flu Vaccine Technology Innovation Alliance"
In order to fight the spread of the H1N1 flu virus, the "China Flu Vaccine Technology Innovation
Alliance" was established in Beijing on June 4, 2009. IPS-CAS signed the "Commitment of H1N1
vaccine emergent production" and became part of the Alliance. IPS-CAS is engaged in the re-
search for novel vaccines.

2. IPS-CAS took charge of the Vaccine R & D Center of CAS Innovative Drug Network
The Chinese Academy of Sciences (CAS), with a goal to meet the national strategic needs for
new vaccines and to efficiently translate basic research innovation into products, established its
Vaccine R & D Center under the responsibility of IPS-CAS. The objective of the Center is to
develop new diagnostic tools, as well as research novel vaccines and technology platforms.
The partners of the Vaccine R & D Center range in scope from CAS institutes in Beijing, Shanghai,
Wuhan and Kunming, institutes in public health system like the Institute of Pathogen Biology of
CAMS, China CDC, hospitals in Shanghai, Jilin, Xinjiang, to industry partners like Hualan Biologi-
cal Engineering Inc.

3. IPS-CAS has developed new partnerships with the China CDC, the Institute of Patho-
gen Biology of the Chinese Academy of Medical Sciences, Shanghai Institute of Biologi-
cal Products.

National partnership
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4. IPS-CAS's active participation in the national science and technology key projects
within framework of the 11th Five-Year National Program
Projects on "Prevention and Control of Major Infectious Diseases such as AIDS and Viral Hepa-
titis" were launched in 2008 within the framework of the National Science and Technology Key
Projects. One of them focusing on HCV was awarded to IPS-CAS as the leader of a consortium
of 6 institutions including research institutes, universities, and hospitals. Another one focusing on
"Construction of technical platforms to detect virus pathogen of respiratory system and central
nervous system and anti-viral immune response" was also awarded to IPS-CAS as the leader of a
consortium of 8 institutions. In addition, two researchers participated as PI in National Science and
Technology Key Projects on HIV and HBV.

Studies on biology of difficult-to-treat hepatitis C and development of novel strate-
gies for its treatment

Project Leader: Prof. Jin ZHONG, Institut Pasteur of Shanghai, Chinese Academy of Sciences
Project duration: 2008/10 - 2010/12

Abstract
Hepatitis C virus (HCV) can cause acute and chronic hepatitis, liver cirrhosis and hepatocellu-
lar carcinoma. China is a high hepatitis C incidence area, and has the biggest population of
HCV infected patients in the world. Unfortunately, there is no vaccine to prevent HCV infec-
tion and no antiviral drug designed specifically against HCV at the moment. PEG-interferon
and ribavirin combination therapy, the only treatment against HCV at present, is deemed unsat-
isfactory in its efficacy, duration, cost and side-effects.
The overall objective of this project is to uncover biological characteristics of difficult-to-treat
hepatitis C, especially with Chinese isolates, and to explore the molecular mechanisms underly-
ing viral pathogenesis and poor sustained virological response to the interferon therapy through
studying virology, cell biology, immunology and clinical aspects of HCV infection, which would
provide novel anti-viral drug targets and strategies for HCV treatment. For this aim, we will try
to develop molecular clones, cell culture models and small animal models for Chinese HCV
isolates, and then establish advanced technical platforms for the antiviral drug and vaccine
development with our own intellectual property. We hope that our research will ultimately
contribute to the prevention and treatment of hepatitis C in China.

Collaborators:
Beijing University
Wuhan University
Tongji Hospital of Huazhong University of Science and Technology
Institute of Pathogen Biology, Chinese Academy of Medical Sciences & Peking Union Medical
College
The 8-1 Hospital, Chinese Liberation Army
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General report

The Establishment of Detection Platform for Viral Infection and Immune Response
in the Respiratory System and the Central Nerve System

Project leader: Ke LAN,  Institut Pasteur of Shanghai£¬Chinese Academy of Sciences
Project duration: 2009/01 - 2010/12

Abstract
Infectious diseases have been a growing severe menace to the public health and national security.
In the last 30 years, more than 40 new pathogens have been identified and most of them have
been viruses. To date, infectious diseases are the diseases that have the highest prevalence in the
world, as well as being the second cause of death with more than 50 millions around the world
each year. They impaired human health and largely hampered and even destroyed the develop-
ments of economy and societies. In the case of an epidemic, quick and precise pathogen identi-
fication is crucial to the control of disease.
The Development of a platform for pathogen identification based on high-throughput technol-
ogy will facilitate the prevention and control of disease. To develop such a platform, different
technologies on virology, genomics, bioinformatics, immunology and other domains should be
integrated. The aim of the project is to associate experts from different fields and set up a
platform to detect the viruses causing infections in the respiratory tract and central nerve
system. The project will later provide the base for the following expansion of the platform.

Collaborators
Shanghai Municipal Center for Disease Control and Prevention
Beijing Ditan Hospital
Second Military Medical University
Zhejiang University
The Academy of Military Medical Science
Shanghai Center for Bioinformation Technology
Chinese National Human Genome Center at Shanghai
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International Partnerships

Pursuing strategic partnerships
IPS-CAS has been pursuing strategic partnerships initiated in 2008 with AREVA, TOTAL and Li Ka
Shing Foundations, on AIDS/HIV, Hepatitis B/C and respiratory diseases research and public health
respectively

AREVA, LI Ka Shing and TOTAL foundations are historic partners of IPS-CAS since its inception.
Thanks to their continuous support that includes scientific fellowships, research materials and
financing of public health / awareness activities, IPS-CAS has been able to develop groundbreaking
activities in the fight against China's most prominent infectious diseases.

 AREVA Foundation has been
supporting IPS-CAS since 2005
on the issue of climate change
and its impact on viral diseases.
AREVA is associated with one
research team at IPS-CAS on
HIV/AIDS research. A scientific
seminar on AIDS also brought
together researchers, physi-
cians and biologists to discuss
state-of-the-art technological
advances. The partnership also
includes AIDS training de-
signed to raise awareness
about the disease  among
AREVA personnel in China

 Since 2008, TOTAL is associ-
ated with two research teams at
IPS on Hepatitis B and C. The
donation supports fundamental,
vaccine- and therapy- oriented
research on both viruses, as well
as awareness actions directed
towards doctors and medical
s tudents on transmissible
diseases, including hepatitis
but also STDS.
The partnership also includes
HepB/HepC training designed
to raise awareness about the
disease among TOTAL person-
nel in China

 The donation, established in
2005, supports the collabora-
tive program between IPS-CAS
and the Joint Influenza Re-
search Center of Hong Kong
University on health programs
combating avian influenza and
other respiratory diseases.
Priority of the collaboration is
given to rapid and specific de-
tection of known or novel
agents and to the understand-
ing of the interaction of viruses
with the innate immunity of the
host

AREVA                                    TOTAL                             LI KA SHING

International partnerships
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New Partnership
IPS-CAS has concluded a new partnership with AIR LIQUIDE FONDATION D'ENTREPRISE on lab-on-
a-chip diagnostics in respiratory diseases

The IPS-CAS research project, financed by Air Liquide Fondation d'Entreprise, meets the need
for the development of molecular biology techniques to establish more rapid and efficient medical
diagnostics in the treatment of respiratory infections. The diagnostic units use "biological microchips",
a new molecular biology technology. Thanks to Air Liquide contribution, IPS-CAS hopes to dis-
cover many viruses and develop more efficient diagnostic methods to improve the treatment of
these illnesses.

The research program provides for:

International partnerships
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- The study of a patient population, with the aim of developing a sampling and treatment
method for biological samples
- The standardization of the methodology for using microchips
- The creation of a database on the new infectious agents detected

Perspective
IPS-CAS is embarking on a proactive, broad business development initiative towards global and local
actors of the biotech and pharmaceutical industry, in order to accelerate and facilitate their market
access

2010 will witness a significant addition to the range of partnerships currently targeted by IPS-
CAS. Based on the scientific strength of the Institute, its integration within national and interna-
tional networks, its full-fledged infrastructure and highest level scientists, as well as being in line
with China's strategic priorities for the 2010-2020 decade giving priority to application-oriented
research, IPS-CAS will develop and intensify its partnerships with biotech and pharmaceuti-
cal companies.

IPS-CAS will select projects initiated by foreign or Chinese biotech SMEs, pharmaceutical
companies, academia / consortia etc. in the field of vaccines, therapeutics, diagnostics and medical
devices that have a strong China relevance, and provide scientific / clinical co-development, as
well as China market access acceleration services to such potential partners.

IPS-CAS partners will thus benefit from a plug-and-play China establishment platform and fully
leveraged Chinese scientific resources, including potential financial support (for early stage up to
pre-clinical proof for concept projects) and regulatory fast tracking (for later stage projects
involving clinical trials). Intellectual property management will be crucial for the initiative and IPS-
CAS will ensure that the interests of its partners are constantly preserved.
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2009 Publications

   •   Chao Bian, Xiuqin Zhang, Xingfeng Cai, Linqi Zhang, Zhiwei Chen, Ye Zha ,Ying Xu, Ke Xu,
Wei Lu, Linchen Yan, Jianwei Yuan, Jiannan Feng, Pei Hao, Qidi Wang, Guoping Zhao, Gang Liu,
Xueliang Zhu, Hao Sheng,  Bojian Zheng, Beifen Shen and Bing Sun*. Conserved amino acids
W423 and N424 in receptor-binding domain of SARS-CoV are potential targets for therapeutic
monoclonal antibody. Virology 2009, 383(1):39-46
   •   Wei Wang, Peijun Ren, Mardy Sek, Lili Hou, Cheguo Cai, Kwok Hung Chan, Peter Chen, Jun
Shen, Philippe Buchy, Bing Sun, Tetsuya Toyoda, Wilina Lim, JS Malik Peiris, Paul Zhou, Vincent
Deubel*. Design of multiplexed detection assays for the diagnosis of human pathogenic avian
influenza A subtypes by SmartCycler real-time reverse transcription-PCR. J. Clin. Microbiol. 2009,
47(1):86-92
   •   Ke Xu, Bo-Jian Zheng, Rong Zeng, Wei Lu, Yong-Ping Lin, Liang Xue, Li LI, Lei-Lei Yang,
Chen Xu, Jie Dai, Fei Wang, Qing Li, Qing-Xi Dong,  Rui-Fu Yang, Jia-Rui  Wu, Bing Sun*. Severe
Acute Respiratory Syndrome Coronavirus Accessory Protein 9b is a Virion-Associated Protein.
Virology 2009, 388:379-285
   •   Huang T, Wang W, Bessaud M, Ren P, Sheng J, Yan H, Zhang J, Lin X, Wang Y, Delpeyroux
F, Deubel V*. Evidence of recombination and genetic diversity in human rhinoviruses in children
with acute respiratory infection. PLoS One 2009, 4(7):e6355
   •   Weng L, Du J, Zhou J, Ding J, Wakita T, Kohara M, Toyoda T*. Modification of hepatitis C
virus 1b RNA polymerase to make a highly active JFH1-type polymerase by mutation of the thumb
domain. Arch. Virol. 2009, 154(5):765-73
   •   Wang W, Ren P, Sheng J, Mardy S, Yan H, Zhang J, Hou L, Vabret A, Buchy P, Freymuth F,
Deubel V*. Simultaneous detection of respiratory viruses in children with acute respiratory infection
using two different multiplex reverse transcription-PCR assays. J. Virol. Methods 2009, 162: 40-45
   •   Wanyin Tao, Chunliang Xu, Qiang Ding, Rui Li, Yu Xiang, Josan Chung and Jin Zhong*. A
Single Point Mutation in E2 Enhances Hepatitis C Virus Infectivity and Alters Lipoprotein Asso-
ciation of Viral Particles. Virology. 2009, 395, 67-76
   •   Tsai C, Caillet C, Hu H, Zhou F, Ding H, Zhang G, Zhou B, Wang S, Lu S, Buchy P, Deubel
V, Vogel FR, Zhou P*. Measurement of neutralizing antibody responses against H5N1 clades in
immunized mice and ferrets using pseudotypes expressing influenza hemagglutinin and
neuraminidase. Vaccine. 2009, 27(48):6777-90
   •   Lan K, Murakami M, Bajaj B, Kaul R, He Z, Gan R, Feldman M, Robertson ES*. Inhibition
of KSHV infected primary effusion lymphomas in NOD/SCID mice by γ-secretase inhibitor.
Cancer Biol. Ther. 2009, 8(22):2134-2141
   •   Yongjin Wang, Licheng Zhou, Huiling Shi, Hongwei Xu, Hong Yao, Xu Guang Xi, Tetsuya

Publications
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Toyoda, Xiaoming Wang* and Tianhou Wang*, Monoclonal antibody recognizing SLLTEVET
epitope of M2 protein potently inhibited the replication of influenza A viruses in MDCK cells.
Biochem. Bioph. Res. Co. 2009 385(1):118-122
   •   Liu Z, Li Z, Mao K, Zou J, Wang Y, Tao Z, Lin G, Tian L, Ji Y, Wu X, Zhu X, Sun S, Chen W,
Xiang C* and Sun B*. Dec2 Promotes Th2 Cell  Differentiation by Enhancing IL-2R Signaling. J.
Immunol. 2009, 183: 6320-9
   •   Zhong., J. The Recent Progress on Experimental Models and Molecular Virology of Hepatitis
C Virus. Chin. J. Hepatol. 2009, 17: 494-496
   •   Wang Y, Mao K, Sun S, Lin G, Wu X, Yao G, Sun B*. Trichosanthin functions as Th2-type
adjuvant in induction of allergic airway inflammation. Cell Res. 2009, 19(8):962-72
   •   Liu Z, Li Z, Mao K, Zou J, Wang Y, Tao Z, Lin G, Tian L, Ji Y, Wu X, Zhu X, Sun S, Chen W,
Xiang C, Sun B*. Dec2 promotes Th2 cell differentiation by enhancing IL-2R signaling.  J Immunol.
2009, 183(10):6320-9
   •   Chen R. Application of synchrotron to virology studies. Chinese Bulletin of Life Sciences.
2009, 21(1): 4-6
   •   Cosset FL, Marianneau P, Verney G, Gallais F, Tordo N, Pécheur EI, ter Meulen J, Deubel V,
Bartosch B. Characterization of Lassa virus cell entry and neutralization with Lassa virus
pseudoparticles. J Virol. 2009 Apr;83(7):3228-37
   •   Zhiheng He, Yunhua Liu, Deguang Liang, Zhuo Wang, Erle S.Robertson, Ke Lan*. Cellular
corepressor TLE2 inhibits replication-and- transcription-activator-mediated transactivation and lytic
reactivation of Kaposi's sarcoma-associated herpesvirus. J. Virol. 2010, 84(4): 2047-62
   •   Wang K, Wang W, Yan H, Ren P, Zhang J, Shen J, Deubel V*. Correlation between bocavirus
infection and humoral response, and co-infection with other respiratory viruses in children with
acute respiratory infection. J Clin Virol. 2010, 47(2): 148-155.
    •   Shijian Zhanga, Leiyun Wenga, Liqing Geng, Jinlan Wang, Jingling Zhou, Vincent Deubel,
Philippe Buchy and Tetsuya Toyoda. Biochemical and Kinetic analysis of the influenza virus RNA
polymerase purified from insect cells. Biochem Biophys. Res. Commun. 2010, 391:570-574.
   •   Jiang T, Li X, Liu W, Yu M, Liu J, Yu X, Qin E, Cao W, Leng Q, Qin C. Serum Antibody
Response to the Novel Influenza A (H1N1) Virus in the Elderly. Clin Infect Dis. 2010, 50(2):285-6.
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Ongoing projects

The Eleventh-fifth-Year National S&T Major Project Project Leader Duration
Biological Characteristics of Refractory Hepatitis C Jin Zhong 2008-2010
Treatment Programs and Innovative Preliminary Study
The Establishment of Detection Platform for Viral Ke Lan 2009-2010
Infection and Immune Response in the Respiratory System
and the Central Nerve System
Innovative replicate and non-replicate HIV vaccine Paul Zhou 2008-2010
research
The Establishment of Monitoring Platform for Ke Lan 2009-2010
Infection Disease
Clinical mechanism study of HBV infection Ke Lan 2009-2010

973 project - Most
Mechanism of immune response in viral infection Paul Zhou 2006-2011
Basic Research of HCV Infection and Prevention Jin Zhong 2008-2013
- The Establishment of a High-performance and Novel
Cell Culture System
The Study of HCV Pathogenic Mechanism Ke Lan 2009-2014

International cooperation - Most
The pathogenicity of RNA polymerase and NS1 Bing Sun 2009-2012
suppression on IFN production in different strains of
avian flu viruses from China

Natioanl Natural Science Foundation of China
Study on the mechanism of KSHV latent infection Ke Lan 2008-2010
Study of 3a Protein Regulating the Release of Bing Sun 2009-2011
Coronavirus as a Drug Target
Molecular Mechanism Study of the HCV Infection Jin Zhong 2009-2011
R&D of H1N1 vaccine and mechanism study of its Bing Sun 2009-2010
transmission

Chinese Academy of Sciences
Influenza A H1N1 influenza virus vaccines and new gp96 Bing Sun 2009-2011
adjuvants studies

Ongoing projects
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Vaccine R&D center Bing Sun 2009-2010
Therapeutic vaccine researches based on recombinant Ke Lan 2009-2010
HBV exogenous antigens
Vaccine R&D and Mechanism study of Hand, Foot and Qibin Leng 2009-2010
Mouth Disease
Treg cells and vaccine R&D network lab Bin Li 2009-2010
HIV-VLP vaccine immunization strategy study based Jianhua Wang 2009-2010
on dendritic cells
The RT-PCR Detection Platform of Influenza A H1N1 Ke Lan 2009-2010
and Seasonal Flu

Shanghai Instiutes for Biological Sciences
Crystal Structure Study of the EV-71 Rong Chen 2008-2010
Molecular Mechanism Study of the KSHV Latnet Infection Yuan Gao 2008-2010
Causing and Protection Mechanism study of EV71 Mingfei Jin 2009-2011
Molecular mechanism study of dendritic cell-mediated Jianhua Wang 2009-2011
HIV infection of CD4 + T cells
Construction and analysis HCV, EV71 susceptible Yan Zhang 2009-2011
mice model
Research of recombinant HBV as a vector for vaccination Qiang Deng 2009-2011
and gene therapy

Shanghai Municipal Government
Molecular Mechanism Study of the HIV Tat Protein Ke Lan 2008-2010
Regulating the Life Cycle of the KSHV
Study on HIV pathology and prevention strategy Paul Zhou, Ke Lan 2007-2011
The Scientific Data Construction of Avian influenza Bing Sun 2008-2010
Mechanism Study of the Respiratory Diseases Related Bing Sun 2008-2011
Viral Protein
Comphrehensive Molecular Study of JEV Vincent Deubel 2008-2011
The structural study of EV71 Rong Chen 2009-2011
Mechanism study of innate immune recognition receptor Bin Li 2009-2011
signaling pathway regulating FOXP3 activity
Clinical study of the interaction between HCV and Jin Zhong, 2009-2011
immune system Yongjun Liu
The Function Study of EV71 2A、3C Protein and Mingfei Jin 2009-2012
defective virus Vaccine
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Ongoing projects

International Funding
Resistance of Influenza Viruses in Environmental Vincent Deubel 2008-2010
Reservoirs and Systems(RIVERS)
Innate Immunity in Influenza Virus Infection of Bing Sun 2006-2009
Mammalian Airways(FLUINNATE)
Surveillance and Investigation of Endemic Situations in Vincent Deubel 2006-2011
South-East Asia
Li Ka Shing viral identification research of acute Vincent Deubel 2006-2008
respiratory diseases
Understanding viral attenuation to design new live-attenuated Vincent Deubel 2007-2009
virus vaccines against emerging neurotropic flavivirus
TOTAL-PASTEUR cooperation project "Research and Vincent Deubel 2008-2011
education on viral Hepatitis"
AREVA-PASTEUR cooperation project "Control of viral Vincent Deubel 2009-2011
emerging infectious diseases"
AIR LIQUIDE-PASTEUR Cooperation Project "Study Vincent Deubel 2009-2010
of biochip Detection Technology of Respirovirus"

Grants for Talents
CAS "One-hundred Talents" Program Ke Lan 2009-2011
CAS "One-hundred Talents" Program Rong Chen 2009-2013
CAS "One-hundred Talents" Program Qibin Leng 2009-2013
CAS "One-hundred Talents" Program Jin Zhong 2009-2013
CAS Visiting Professorship for Senior International Scientist Vincent Deubel 2009-2010
CAS Fellowship for Young International Scientist Andy Tsun 2010-2011
SIBS 'Program for Excellent Young Talents' Rong Chen 2008-2010
SIBS 'Program for Excellent Young Talents' Yuan Gao 2008-2010
SIBS 'Program for Excellent Young Talents' Mingfei Jin 2009-2011
SIBS 'Program for Excellent Young Talents' Jianhua Wang 2009-2011
SIBS 'Program for Excellent Young Talents' Yan Zhang 2009-2011
SIBS 'Program for Excellent Young Talents' Qiang Deng 2009-2011
SA-SIBS Scholarship Ke Lan 2009
SA-SIBS Scholarship Yuan Gao 2009
Shanghai 'Pujiang Talent' Program Ke Lan 2008-2010
Shanghai 'Pujiang Talent' Program Chen Rong 2009-2011
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Academic exchanges
Guest seminars and lectures at IPS-CAS in 2009

Date Lecturer Affiliation Topic Host
Jan. 7 Xiaoming Zhang Institut Pasteur Synergistic activation of MyD88 Vincent Deubel

and dectin-1/Syk pathways
activates regulatory properties
of neutrophils in Mycobacterial
infection

Feb. 17 Ralf Altmeyer CombinatoRx Combinations of immunomodu Vincent Deubel
Singapore -lators and specific antivirals:

A new treatment paradigm
for Influenza

Apr. 27 Maxime Schwartz Academy of The New Infectious Diseases: Vincent Deubel
Sciences, France Where do they come from?

May 18 Qiang Liu University of Hepatitis C virus and fatty Jin Zhong
Saskatchewan liver disease

May 22 Andy Tsun Cambridge Molecular Mechanisms Bin Li &
University underlying Granules Secretion Jin Zhong

of Cytotoxic CD8+ T-Lymphocyte
Jun. 5 Jia-huai Wang Harvard Medical Virus/host cell interaction: From Bing Sun

School structure to medical implication
Jun. 26 Yong-jun Liu University of Guest Professor Seminar Bing Sun

Texas M. D.
Anderson Cancer
Center

Jun. 26 Rong-fu Wang Baylor College of Guest Professor Seminar Bing Sun
Medicine

Jun. 29 James Chou Harvard Medical NMR studies of flu proton channels Bing Sun
School

Jun. 30 Shibo Jiang New York Blood HIV fusion inhibitors Zhong Huang
Center

Jul. 9 Michael M. Shi Novartis Pharmace Biomarker in the critical path of Ke Lan
-utical Corporation oncology drug development

Jul. 15 Huang Zhuhui Southern Research The genetic and biochemical basis Jin Zhong
Institute for resistance to SCY-635, a non

-immunosuppressive analog of
cyclosporine

Jul. 23 Pinghua Liu Boston University Developing chem.- and immune Qibin Leng
-therapies for malaria

Aug. 5 Jun-Ping Liu Monash University Mechanisms of telomere mainten Bing Sun
-ance: signaling from cell surface

Aug. 12 Kyoko Kohara Kumamoto Molecular basis of carcinogenesis Tetsuya Toyoda
University induced by hepatitis C virus

Academic exchanges
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Aug. 13 Weiming Xu University of The Role of Nitric Oxide in Cancer Bing Sun
Sheffield and infectious diseases

Sep. 3 Jianxin You University of Papillomavirus Host Interactions Ke Lan
Pennsylvania Contributing to Viral Persistence
School of Medicine and Cancer

Sep. 18 Zhuang Yuan DUMC E-protein mediated checkpoints Bing Sun
in lymphocyte development and
impacts on lymphoid diseases

Oct. 14 Charles Boucher Erasmus Antiviral therapy and antiviral Paul Zhou
University resistance, clinical and epidemiol

-ogical implications
Oct. 14 Jason Jiang Cincinnati Children's Norovirus research and future Rong Chen

Hospital Medical prospect
Center

Oct. 20 Chuan Wu Muenster Sn+ Macrophage Regulates FOXP3 Bin Li
University +Treg Expansion during EAE

Oct. 23 Wolfgang B. National Yang Assembling becomes more Bing Sun
Fischer -Ming University complex: viral channel proteins

Oct. 27 Patrice Andre Croix Rousse Nature of Hepatitis C circulating Jin Zhong
Hospital forms of viral particles associated

with lipoproteins
Nov. 3 Gerhard Jahn University of HIV in Africa Bing Sun

Tübingen
Nov. 3 Gerd Döring University of Pathophysiological mechanisms, Bing Sun

Tübingen therapy and prevention of chronic
bacterial lung infection in chronic
obstructive lung disease and
cystic fibrosis

Nov. 3 Yong-Jun Liu University of Texas Dendritic Cells and Medicine Jin Zhong
M.D. Anderson
Cancer Center

Nov. 10 Rachel Caspi NEI Immune privilege T-regulatory Bing Sun
cells and autoimmunity

Nov. 13 Neil Cashman University of Immunotherapies for Protein Bing Sun
British Columbia Misfolding Diseases

Nov. 19 许洪林 北京生物制品研 疫苗设计的探讨 Qibin Leng
究所 /新型疫苗

国家工程研究中心

Dec. 22 TSUI Kwok Chinese University Genotype-specific Genomic Jianhua Wang
Wing Stephen of Hong Kong Markers Associated with

Hepatitis B Virus-related
Hepatocarcinogenesis

Academic exchanges
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Presentations from IPS researchers in 2009

Date Speaker Organizer/Conference/Place Topic
Jan., 2009 P. Zhou China HIV Vaccine Initiative Develop VLP-based immunogen

against HIV
Mar., 2009 J. Zhong The annual symposium of Shanghai The molecular mechanism of virus host

Society for Virology. Shanghai interactions during Hepatitis C virus
infection

Mar., 2009 J. Zhong Chinese Symposium on difficult-to The recent progress of Hepatitis C virus
-treat Hepatitis C. Shanghai  research

Mar., 2009 V. Deubel BIOFORUM, Lyon, France Emerging diseases
Mar, 2009 V. Deubel Café des Sciences, Shanghai Influenza virus
Mar, 2009 V. Deubel Vaccine Course, Paris, France Arboviruses
Apr., 2009 B. Li Colloquium of Immunology, Signaling to FOXP3 activation in

Inflammation and Cancer Biology regulatory T cells: from cell surface to
-Spring 2009 in Department of chromatin
Biomedical Sciences at Cedars-Sinai
Medical Center/ Los Angeles, USA

Jun.,2009 V. Deubel SISEA Encephalitis meeting, Ho Chi Expression and Characterization of
Minh City, Vietnam Recombinant Japanese Encephalitis Virus

NS1 in Drosophila S2 Cell
Jun.,2009 V. Deubel SIgN-Pasteur meeting, Singapore Research activities in Institut Pasteur

of Shanghai
Jun.,2009 V. Deubel Shanghai Science Communication Emerging Viral Infections: from animal to

Forum, Shanghai human, from AIDS to flu
Jul., 2009 B. Li The annual symposium of FOXP3 biochemistry, function and its role

Immunology of Chinese Society for in immune regulation
Cell Biology. Xi'an, CHINA

Jul., 2009 R. Chen The Annual Meeing of Chinese Structural Studies on Caliciviruses:
Society for Electron Microscopy Combining CryoEM and X-ray

Crystallography
Jul., 2009 V. Deubel Pasteur Virology Course, Hong Kong Vaccines against arboviruses
Sep., 2009 K. Lan Rolf Renne & Dirk P. Dittmer The cellular corepressor TLE2 inhibits

KSHV 12th international workshop RTA mediated transactivation and lytic
South Carolina,USA reactivation of KSHV

Oct., 2009 J. Zhong LyonBioPole, Lyon, France Hepatitis C Virus Infection and
lipoproteins

Oct., 2009 J. Zhong Institut Pasteur Paris, Paris, France Hepatitis C Virus Infection and
lipoproteins

Oct., 2009 J. Zhong The 3rd Germany Chinese liver Hepatitis C Virus Infection and
meeting lipoproteins

Oct., 2009 R. Li Annual Production of hepatitis C virus by using a
(J. Zhong) symposium of Chinese Society complementation system which provides

of Virology, Beijing the envelope proteins in trans
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Nov., 2009 J. Zhong 2009 Chinese Academy of Sciences Hepatitis C Virus Infection and
Symposium on infectious disease lipoproteins

Nov., 2009 Y. Zhang Institute of Microbiology, Chinese Regulation of Hematopoietic Stem Cell
Academy of Sciences, Beijing Self-renewal

Nov., 2009 Q-B Leng Ruijing Hospital Fuzziness of adaptive immune response
and emerging virus infection

Dec., 2009 B. Li BD China 30-year Summit Symposium Molecular mechanism of development
of the development and applications and function of regulatory T cells
of Flow Cytometry, Shanghai, CHINA

Academic exchanges
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Research Unit Report

Unit Principal Investigator Year of establishment
Emerging Viruses Vincent. DEUBEL 2005
Molecular Virology Bing. SUN 2005
Antiviral Immunity and Genetic Therapy Paul. ZHOU 2005
Viral Genome Regulation Tetsuya. TOYODA 2005
Tumor Virology Ke. LAN 2006
Viral Hepatitis Jin. ZHONG 2006
Immune Regulation Qi Bin. LENG 2007
Structural Virology Rong. CHEN 2008
Vaccinology and Antiviral Strategies Zhong. HUANG 2008
Molecular Immunology Ban. LI 2008
Hematopoietic Stem Cell and Transgenic Yan. ZHANG 2008
Animal Model
Viral Immunology Jian. Hua. WANG 2008
Innate Immunity Guang Xun. Meng 2009
Immune Signaling and Regulation Hui. Xiao 2010
Anti-Infective Research Ralf Altmeyer 2010
Dendritic Cell Biology and Viral Sensor Yong Jun. Liu

(Visiting Professor) 2009
Viral Immunology and Vaccines Rong Fu. Wang

(Visiting  Professor) 2009
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Unit of Emerging Viruses

Principal investigator

Vincent DEUBEL
Ph.D in Virology from University of ParisVII, Paris, France(1973)
Postdoctoral fellow at CDC Fort Collins, USA (1985-1987)
Chief of the Department of Virology in Institut Pasteur (1999-2000). Scientific Director of the P4
Laboratory "Jean Mérieux" in Lyon, France (2000-2004)

Team members

Laboratory Secretary, Yimei Zheng, M.S.
Research Associate, Wei WANG, (M.D), Shuyang TU, (Ph.D)
Research Assistant, Jin ZHANG, Peng LU (end 05/09), Changgui DONG (end 07/09), Peijun
REN, Xia TANG
Ph.D. student: Dorian COUNOR
M.S.-Ph.D. student: Yize LI, Kai WANG, Jin SUN
Graduated student: Ting HUANG (Master degree in 2009)

Research objectives

Created in June 2005, the Unit of Emerging Viruses has two main objectives:
1. Study of virus and host biomarkers in Japanese encephalitis virus infection related to virulence.
This project will provide applications in diagnosis and development of new vaccines and treatment
against viral encephalitis.
2. Establish a platform of viromics based on proteomics and genomics and aiming at detecting
new viruses causing respiratory infections and encephalitis. This platform can also be used during
epidemics of infectious diseases and for monitoring viruses circulating in zoonotic cycles.

Research progress

1. Research projects on Japanese Encephalities
Japanese encephalitis virus (JEV) is the most important cause of epidemic encephalitis in Asian
countries. The virus is a member of the JE serogroup of the genus Flavivirus, family Flaviviridae.
It is estimated that 30,000 JE cases occur each year, causing 10,000 deaths in all south-east Asia,
India, and China.
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Nowadays, two vaccines for JEV prevention are available, a formalin-inactivated vaccine pro-
duced from cell culture (IXIARO, manufactured by Intercell), and a live attenuated virus (SA14-
14-2) prepared on primary hamster kidney cell cultures. This live vaccine is widely used in China
and has recently been used in India, Nepal, Bangladesh, and more recently in Cambodia.
Our researches are focusing on the characterization of biological and genetic markers of attenua-
tion and of host susceptibility to virus infection. We are also working on NS1 protein to define its
potential role in virulence. We expect to identify biomarkers of pathogenesis and to develop new
diagnosis tools.
Nowadays, two vaccines for JEV prevention are available, a formalin-inactivated vaccine pro-
duced from cell culture (IXIARO, manufactured by Intercell), and a live attenuated virus (SA14-
14-2) prepared on primary hamster kidney cell cultures. This live vaccine is widely used in China
and has recently been used in India, Nepal, Bangladesh, and more recently in Cambodia.
Our researches are focusing on the characterization of biological and genetic markers of attenua-
tion and of host susceptibility to virus infection. We are also working on NS1 protein to define its
potential role in virulence. We expect to identify biomarkers of pathogenesis and to develop new
diagnosis tools.

1.1. Identification of biological markers linked to virus virulence in mouse
1.1.1.Identification of JEV pathogenesis in mouse model
The objective of this study is to identify major factors associated with JEV SA14 virulence and
SA14-4-2 attenuation in vivo. We have studied the time course of virus infection, the virus cross-
ing of the blood brain barrier, and the pathophysiology of the meningo-encephalitis associated with
virus infection.
1.1.2. Genetic markers of mouse susceptibility for JEV infection
After infection, JEV may invade the central nervous system, including the brain and spinal cord.
The majority of human infections with JEV is asymptomatic or very mild, and only about 1 in 300
infected persons develops clinical disease. Once infected, there is no specific treatment for JE.
Therefore, it is essential to identify the hosts' own anti-viral genetic factors and relative susceptibility,
which may provide novel means of treatment.
Our preliminary results in our lab have confirmed variation in mouse strain susceptibility: among
C3H/He, C57/Bl6 and DBA/2 strain mice, C3H/He is the most susceptible one, while DBA/2
most resistant. Since the encephalitis is the main reason of morbidity and mortality of JEV, we
hypothesize that one or several genetic factors among different laboratory mice may cause varia-
tion of the resistance towards JEV during the early neuroinvasion and neurovirulence.

1.2. Study of the role of NS1 protein in the virus life cycle
Flavivirus NS1 is an essential protein which exhibits a high degree of sequence homology. This
protein contains two conserved N-glycosylation sites and 12 invariant cystein residues. NS1 exists
in a dimeric form, which is associated with intracellular and cell surface membrane and in a
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hexameric extracellular form.
Our objective is to determine the role of the intracellular and the soluble forms of NS1 protein in
the virus cycle in vitro and in vivo. We have established the Drosophila S2 cell expressing NS1 and
its small motifs and protein purification systems. S2 cell clones produce large amounts of proteins
(up to 30 mg/liter).
1.2.1. Biochemical and biological features of NS1 protein
Biochemical characteristics of the recombinant NS1 protein have been identified. The protein
injected to mice induces antibodies and protect the vaccinated animals against a lethal challenge.
1.2.2. Study of NS1 antigenicity
We have prepared monoclonal antibodies (MAbs) against NS1 and tested their reactivity with
native or denatured NS1 and with small motifs and peptides. Several groups of MAbs have been
characterized according to immunoreactivity for native and denatured protein, and cross-reactivity.
The MAbs are very useful for diagnostic assays. An ELISA NS1 antigen capture has been devel-
oped to assess whether like dengue virus NS1, soluble JEV NS1 was produced in the biological
fluids of infected mice and humans. The test used a flavivirus cross-reactive MAbs for capture
and a JEV type-specific MAb labeled with peroxidase for detection of any captured NS1 antigen.
The test is highly sensitive and can detect up to 0.1 ng of protein/ml. Blood and CSF specimens
from patients with JEV or dengue were tested. No cross-reactivity was observed with dengue-
positive NS1 specimens.
We have prepared monoclonal antibodies (MAbs) against NS1 and tested their reactivity with
native or denatured NS1 and with small motifs and peptides. Several groups of MAbs have been
characterized according to immunoreactivity for native and denatured protein, and cross-reactivity.
1.2.3. Study of the C-terminus part of NS1' protein
NS1 protein is matured in the reticulum leading to a cleavage at its C-terminus by a putative
signalase. However, in the Japanese encephalitis serogroup (including West encephalitis), an addi-
tional protein called NS1' result from the -1 nucleotide frameshift for the ribosomes to continue
translating up to the stop codon in the new reading frame occurring about 50 amino acid later.
We have proceeded to several constructs and to peptide synthesis to confirm this hypothesis and
have demonstrated that the pseudoknot structure inducing to the ribosome frameshift occurs dur-
ing NS1 processing and that the NS1' contains a peptide of 52 amino acids highly antigenic since
mouse and human antibodies elicited during JEV infection recognize specifically the peptide.

These studies are conducted in cooperation with Michel Huerre, Marie Flamand, Marc
Grandadam, Frederic Tangy (Institut Pasteur Paris) with Prof Liang Guotong (China CDC),
Dr Liu Wei (Guangxi CDC), Dr Vu Thi Que Huong (Institut Pasteur Ho Chi Minh City), Dr
Philippe Buchy (Institut Pasteur Cambodia) and is supported by the Shanghai Pasteur Health
Research Foundation and SISEA project.
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2. Research projects on emerging viruses causing respiratory infection
Acute respiratory infections (ARI) are the leading cause of mortality by infectious diseases
worldwide. However, the infectious agents incriminated remain unknown in a significant propor-
tion of cases, probably because of their viral origin and difficulties related to their diagnosis.
In our Unit, we have set up a laboratory for identification and characterization of ARI through the
development and standardization of cell culture and molecular diagnostics including a 5 multiplex
RT-PCR to identify the presence of 17 different respiratory viruses. The final goal of our research
is to identify new viruses responsible of ARI, and to do so, we have first established and developed
sensitive and rapid techniques to identify and characterize viruses as a first step of discrimination.
The remaining unidentified agents will then be tested by random PCR of their genome and high
throughput pyrosequencing and by microarray analysis.
During the last 2 years we have obtained about 817 throat and nasal swabs of children for etiologi-
cal diagnosis of ARI. This study has allowed us to develop new diagnosis tests, to perform a
comprehensive study of bocavirus infection and to discover high rate of recombination in the
newly identified rhinovirus-C species.
This study provides an accurate follow up of virus evolution useful for new diagnostic and vaccine
development, and contributes to the development of our platform of viromics with well character-
ized biological specimens and virus isolates, connected to a data base with a full set of clinical,
epidemiological, biological, and genetic information. This information is available for collaborative
studies in China and in the SISEA project of the Asian-Pacific network of Pasteur Institutes.
A multiplex PCR assay was developed previously and employed in the routine diagnosis, to dis-
criminate 6 subtypes (H1, H2, H3, H5, H7 and H9) of influenza A virus based on HA gene. In
response to the new pandemic of SOI-H1N1 in 2009, the technique was improved by adding new
specific primers and probe and the method now can differentiate seasonal flu (H1 and H3 subtype)
with the new SOI-H1N1 in one tube.

This study is performed in collaboration with Dr Jie Shao (Nanxian Pediatric Hospital,
Shanghai), Astrid Vabret and Franςois Freymuth (CHU Caen, Laboratory of Virology),
Francis Delpeyroux and Arnaud Fontanet in Institut Pasteur in Paris, and Philippe Buchy
and Philippe Cavailler (Institut Pasteur of Cambodia, Phnom Penh), Drs Leo Poon and
Malik Peiris (HK University). Supports are from French Agency for development (SISEA
Project) and Li Kha Shing Foundation.

Conclusions and perspectives

Researches in the Unit of emerging viruses have been very productive with several publications in
2009 and others submitted. The knowledge on multidisciplinary approach for virus isolation and
characterization is being reinforced, using genomics, proteomics, and interactome. New installa-
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tion of a genomic platform has already provided a second phase of research programs, within the
Chinese National Science and Technology Major Project. Wei Wang will defend her PhD thesis in
Paris 7 in the incoming year.
The second part of the project dealing with the pathogenesis of JEV has made substantial progress in
2009. Key steps in JEV pathogenesis have been hypothesized which are now being confirmed in the
mouse model. Discovery of new features of JEV NS1 protein may lead to new approaches for
diagnosis and treatment of the disease. Four students will finalize their PhD this year and in 2011.

Publications in 2009

Wang W, Ren P, Mardi S, Hou L, Tsai C, Chan KH, Cheng P, Sheng J, Buchy P, Sun B, Toyoda
T, Lim W, Peiris JS, Zhou P, Deubel V. Design of multiplexed detection assays for identification
of avian influenza a virus subtypes pathogenic to humans by SmartCycler real-time reverse tran-
scription-PCR. J Clin Microbiol. 2009 Jan;47 (1):86-92. Epub 2008 Oct 29.

Huang T, Wang W, Bessaud M, Ren P, Sheng J, Yan H, Zhang J, Lin X, Wang Y, Delpeyroux F,
Deubel V. Evidence of recombination and genetic diversity in human rhinoviruses in children with
acute respiratory infection. PLoS One. 2009 Jul 27;4 (7):e6355.

Wang W, Ren P, Sheng J, Mardy S, Yan H, Zhang J, Hou L, Vabret A, Buchy P, Freymuth F,
Deubel V. Simultaneous detection of respiratory viruses in children with acute respiratory infec-
tion using two different multiplex reverse transcription-PCR assays. J Virol Methods. 2009 Jul
26. [Epub ahead of print]

Tsai C, Caillet C, Hu H, Zhou F, Ding H, Zhang G, Zhou B, Wang S, Lu S, Buchy P, Deubel V,
Vogel FR, Zhou P. Measurement of neutralizing antibody responses against H5N1 clades in immu-
nized mice and ferrets using pseudotypes expressing influenza hemagglutinin and neuraminidase.
Vaccine. 2009 Sep 2. [Epub ahead of print]

Baize S, Marianneau P, Loth P, Reynard S, Journeaux A, Chevallier M, Tordo N, Deubel V,
Contamin H. Early and strong immune responses are associated with control of viral replication
and recovery in lassa virus-infected cynomolgus monkeys. J Virol. 2009 Jun;83(11):5890-903.
Epub 2009 Mar 18.

Cosset FL, Marianneau P, Verney G, Gallais F, Tordo N, Pécheur EI, ter Meulen J, Deubel V,
Bartosch B. Characterization of Lassa virus cell entry and neutralization with Lassa virus
pseudoparticles. J Virol. 2009 Apr;83(7):3228-37. Epub 2009 Jan 19.

Kai Wang, Wei Wang, Huajie Yan, Peijun Ren, Jing Zhang, Jun Shen, Deubel.V. Correlation
between human bocavirus infection and humoral response, and co-infection with other respira-



35Report 2009

tory viruses in children with acute respiratory infection. J. Clin. Virol. 2009 Dec 16. [Epub ahead
of print]

Zhang S, Weng L, Geng L, Wang J, Zhou J, Deubel V, Buchy P, Toyoda T. Biochemical and
kinetic analysis of the influenza virus RNA polymerase purified from insect cells. Biochem Biophys
Res Commun. 2010 Jan 1;391(1):570-4. Epub 2009 Nov 20.

Molecular monitoring of causative viruses in child acute respiratory infection as an early warning
system in endemo-epidemic situations in Shanghai
Wei Wang, Philippe Cavailler, Peijun Ren, Jing Zhang, Wei Lu, Huajie Yan, Sek Mardy, Johann
Cailhol, Philippe Buchy, Jun Sheng, Arnaud Fontanet, Deubel.V (in submission).
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Unit of Molecular Virology

Principal investigator

Bing SUN
Ph.D in Immunology from Shanghai Second Medical University;
Postdoctoral Fellow(1994-1996) and Visiting Scientist (1996-1999) at NIH (USA)

Team members

Research Associate: Ke XU, Ph.D
Lab Manager, Wenjing XUAN, M.S.
Research Assistants: Wenjing YU, Tongyan WANG, Yunxia HE, Yan ZENG, Fei WANG ,
M.S.-Ph.D. students: Chen XU, Kai WANG, Yuan HE, Leilei YANG, Weibin HU, Shiqi XIE,
Qinglin HAN
Graduated student: Wei LU (Ph.D.)

Research objectives

We are interested in understanding the molecular mechanisms that help to reveal the virulence and
pathogenesis of viruses which are able to cause infectious disease in human. We are now focusing
on some serious pandemic viruses inducing human respiratory diseases including coronaviruses
and Influenza viruses. Some of our findings on these two kinds of viruses are extended to analyze
whether the same mechanisms are exist in HCV and EV71 that are also worldwide concerned
viruses.
Research Topics:
1. Identification of new viral functional proteins;
2. Research on viral proteins which exhibit ion channel properties;
3. Understanding the contributions of polymerase complex and NS1 protein to virulence of Influ-
enza virus;
4. Research on viral-host interactions and anti-viral effects of IFN-α/β signal pathways.

Highlights of research progress & achievements

Part 1 Indentification of new viral functional proteins
After SARS breakout in 1997 in SourthAsian, research on this new human coronavirus have
already lead to better understanding of the molecular composition of SARS virion and the func-
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tions of SARS viral proteins. Our group is one of the research teams worldwide to first identify
ORF3a protein of SARS-CoV in infected cells. Furthermore we found that 3a protein of SARS-
CoV exhibits ion channel properties which may contribution to better virus release. Besides the
ORF3a, we are also the first group to identify ORF9b protein of SARS-CoV as a virion associated
protein (Fig.1) and illustrate the translation mechanism of 9b from subgenomic mRNA9.

Part 2 Viral ion channel proteins study
1. Coronavirus
(1) SARS-CoV
We have demonstrated that ORF3a protein forms a viral ion channel and may be helpful for better
virus release (Fig2).

Fig1. Incorporation of 9b protein into purified SARS-CoV virions

Fig2. SARS-CoV 3a protein forms an ion channel that could be inhibited by Ba2+ and
siRNA against 3a is able to inhibit virus release
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(2) HCoV-229E and HCoV-OC43
Human coronaviruses are divided into three different classes. Class I consists of HCoV-229E and
NL-63. HCoV-OC43 and HKU-1 belong to the Class II. SARS-CoV had been classified as Class
2b CoV distantly related to known Class 2 CoV. Bio-informatics analysis reveals that all
coronaviruses have the homology genes located between the virus Spike gene and the Envelop
gene, as SARS-CoV 3a protein, we termed these genes as SNE gene family. Our data suggest
that three tested coronaviruses (HCoV 229E, HCoV-OC43 and SARS-CoV) SNE proteins share
similar functions as viral ion channels (Fig3). The SNE ion channel proteins can further activate
voltage dependent L-type calcium channel indirectly, and a drug against calcium channel Nimodipine
(ND) is able to inhibit plaque formation and virus release (Fig. 4).

Fig3. SNE proteins form a nonspecific monova-
lent cation channel

Fig4. Nimodipine (ND) is able to inhibit
plaque formation and virus release

(3) PEDV
Porcine epidemic diarrhea virus (PEDV), a member of Coronaviridae family, causes diarrhea in
pigs of all ages, often fetal for the neonates. Outbreaks of the disease have been reported in many
swine-raising countries, notably in Europe and Asia. Previous studies revealed that the ORF3 gene
of PEDV has an unexpected genetic variability. Truncations in the ORF3 gene are always ob-
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served in attenued PEDVs. We detected ORF3 gene encodes an ion channel protein, and the virus
production was reduced when using siRNA to knockdown its expression during PEDV infection
(C), which suggested that it may play a role in virus release.

Fig5. Current-Voltage relationships of PEDV orf3a mediated ionic currents in
oocyte by TEVC and Suppression of the ORF3 gene expression in PEDV in-
hibits virus release

(4) Enterovirus 71 2B Protein
Enteroviruses (e.g., Coxsackieviruses, Echoviruses and Enteroviruses) belong to the family of
Picornaviridea, a large family of nonenveloped, cytolytic viruses that contain a single-stranded
RNA genome. Our primary data shows that EV71 2B protein may induce a chloride-sensitive
current in Xenopus Oocytes. Moreover, an inhibitor of this current could also diminish the CPE
caused by virus infection, which suggested the possibility of regarding 2B as a potential target for
anti-viral drug screening (Fig.6).

Fig6. EV71 2B protein induced a chloride sensitive current and inhibition of
inhibitor X on EV71 CPE
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Part 3 Research on virulence factor of influenza virus
Polymerase Complex and NS1 protein have been concerned as two important virulence factors
that contribute to efficient replication and survival ability for Influenza viruses. Study on poly-
merase activity and NS1 function of different subtypes have identify some important point on
polymerase genes and new functions of NS1 proteins.

(1) Analysis of polymerase activity of H5N1 avian influenza virus and 2009 swine original H1N1
influenza virus.
Compare between PR8 and a H5N1 A/Cambodian/ P095/2005 avian influenza virus illustrates
that the avian virus polymerase exhibit a quite high activity in human cells although the PB2 627
position is E which supposed to be a dramatic decrease factor for polymerase activity in human
cells. Our data shows that PB1 subunit of this H5N1 virus is one of the factors that compensate
PB2627E, and two amino acids in PB1 gene are responsible for this activity. Rescue the respon-
sible amino acids in PR8 PB1 will increase the polymerase activity even when the PR8PB2 627
is E (Fig 7).

Fig7. Polymerase activity of a H5N1 avian virus in human 293T cells and two
amino acids in PB1 subunit can increase polymerase activity even under the
condition that PB2627 is E

Similar phenomenon is observed in the newly emerging swine original 2009H1N1 A/California/04/
2009 virus which also process PB2627E but could replicate in human cells. The data shows that
polymerase activity for A/California/04/2009 virus is relatively higher than that of a classic swine
H1N1 virus (CS). Furthermore, when the above finding position in PB1 is mutated to a weaker
one, the activity is decrease correspondingly (Fig 8). This finding will help to reveal why the
California virus could replicate in human cells.
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Fig8. Polymerase ac-
tivity of A/California/
04/2009 virus in human
293T cells and single
amino acid in PB1 con-
tribute to the poly-
merase activity for this
virus

(2) Identification new functions of Influenza NS1 proteins.
WSN virus was found to be able to cause the G0/G1 cell cycle arrest by up-regulate P21 expres-
sion level and down-regulation of phosphorated level of Rb protein in infected cells (Fig 9). Further
confirmation of this function to NS1 protein is under anlysis.

Fig9. Arrest of cell
cycle at G0/G1 phage
in WSN infected cells,
and the level of P21,
phosphorated Rb after
infection

Part 4 Function Research of Nmi in Innate Immunity of HCV infection
Hepatitis C virus (HCV) infection is a major cause of chronic liver disease worldwide. It achieves
a sustained viral clearance in only 50-60% of patients.The current standard therapy for chronic
hepatitis C (CHC) is a combination of pegylated IFN alpha (pegIFNα) and ribavirin, while it does
not work on some portion of patients. Based on cDNA microarray data (36,000 genes), we have
identified a new host factor, N-myc (and STAT) interactor (Nmi) which has functions in TLR
signaling pathway (Fig 11) and effects on HCV replication (Fig 12).
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Fig11. Interactions of Nmi and IRF3, IRF7
Fig12. Expression pattern of Nmi in HCV genotype 2a chimeric virus, J6/JFH
(HCVcc) infected Huh-7 cells

Perspectives

1. Set up well-standarded ion-channel platform and extend to study other interest viral ion channel
proteins. Drug screen against these viral ion channels.
2. Set up well-established Influenza Virus polymerase activity study system and reverse genetics
system to understanding the remain questions on influenza research. Collaboration with other
institutes domestic and abroad to support the prevention and cure of pandemic influenza virus.
3. Set up cell cycle anlysis and sumoylation anlysis methord on viral proteins, enplore the similar
function in other interest viral proteins.
4. Understand the effects of innate immunity moleculars on HCV life cycle.
5. Explore new interactions between host and virus in highly concerned viruses as influenza virus
and HCV.

Funding

1. "The pathogenicity of RNA polymerase and NS1 suppression on IFN-α/β production in differ-
ent strains of avian flu viruses" European Community
2. "3a and its homologous proteins regulate coronaviruses release mechanism and durg target
study" NSFC
3. "The pathogenicity of RNA polymerase and NS1 suppression on IFN-α/β production in differ-
ent strains of avian flu viruses" The Ministry of Science and Technology
4. "The pathogenesis to the drug design and surveillance the variance of H1N1 flu" CAS
5. "The National Science and Technology Key Special Project" The Ministry of Science and
Technology
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Collaboration

1. Participate in EU FLUINNATE project (FP6-2005-SSP-5B) INFLUENZA/Specific Targeted
Research or Innovation Projects
2. H. D. Klenk in Institut fuer Virologie, Marburg, Germany (AIV study);
3. Yuelong Shu in Beijing CDC (AIV study);
4. Jinhua LIU in China Agriculture University (AIV study);
5. Ze Chen and Tianxian LI Wuhan Institute of Virology, CAS (AIV study);
6. Wolfgang Schwarz, Max-Planck-Institut, (ion-channel research);
7. Bojian, Zheng in Hong Kong University (SARS study);
8. Shanghai Institute of Pharmaceutical Industry (anti-virus drug screening).

Publication

Ke Xu, Bo-Jian Zheng, Rong Zeng, Wei Lu, Yong-Ping Lin, Liang Xue, Li LI, Lei-Lei Yang, Chen
Xu, Jie Dai, Fei Wang, Qing Li, Qing-Xi Dong,Rui-Fu Yang, Jia-Rui Wu, Bing Sun. Severe Acute
Respiratory Syndrome Coronavirus Accessory Protein 9b is a Virion-Associated Protein. Virol-
ogy 2009, 388:379-285

Chao Bian, Xiuqin Zhang, Xingfeng Cai, Linqi Zhang, Zhiwei Chen, Ye Zha,Ying Xu, Ke Xu, Wei
Lu, Linchen Yan, Jianwei Yuan, Jiannan Feng, Pei Hao, Qidi Wang, Guoping Zhao, Gang Liu,
Xueliang Zhu, Hao Sheng, Bojian Zheng, Beifen Shen and Bing Sun*. Conserved amino acids
W423 and N424 in receptor-binding domain of SARS-CoV are potential targets for therapeutic
monoclonal antibody. Virology 2009, 383(1):39-46

Wang Y, Mao K, Sun S, Lin G, Wu X, Yao G, Sun B*. Trichosanthin functions as Th2-type
adjuvant in induction of allergic airway inflammation. Cell Res. 2009 Aug;19(8):962-72

Yang XO, Angkasekwinai P, Zhu J, Peng J, Liu Z, Nurieva R, Liu X, Chung Y, Chang SH, Sun B*,
Dong C*. Requirement for the basic helix-loop-helix transcription factor Dec2 in initial TH2 Re-
quirement for the basic helix-loop-helix transcription factor Dec2 in initial TH2 lineage commitment.
Nat Immunol. 2009 Dec;10(12):1260-6

Liu Z, Li Z, Mao K, Zou J, Wang Y, Tao Z, Lin G, Tian L, Ji Y, Wu X, Zhu X, Sun S, Chen W, Xiang
C, Sun B*. Dec2 promotes Th2 cell differentiation by enhancing IL-2R signaling.  J Immunol.
2009 Nov 15;183(10):6320-9
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Unit of Antiviral Immunity and Genetic Therapy

Principal investigator

Paul ZHOU
Ph.D in Immunology from School of Medicine, State University of New York at Buffalo, USA;
Postdoctoral Fellow in Immunology from Mayo Clinic, USA (1989-1993);
Senior Staff Fellow, Oral Infection and Immunity Branch, NIH (1993-1998);
Principal Investigator at Department of Virology and Immunology of Southwest Foundation for
Biomedical Research and Adjunct Associate Professor at Department of Microbiology of Univer-
sity of Texas, USA (1998-2005).

Team members

Lab secretary: Kun Yan
Ph. D. student: Cheguo Tsai
M.S. - Ph. D. studenst: Hongxing Hu, Michael Wen, Heng Ding, Lifei Yang, Yufeng Song, Weiming
Wang, Xiaodong Chen, Fan Zhou
Research Assistants: Lihong Liu, Wei Sheng, Guiqing Wang, Lulan Wang, Jingjing Liu, Hong Ma

Highlights of research progress & achievements

1. Develop membrane-bound antibody-based strategy for therapy and prevention against HIV
Since the failure of the T cell-based phase IIb clinical vaccine trial (STEP) in 2007, HIV-1 vaccine
field now focuses more on broad neutralizing antibodies (their generation, induction and mecha-
nism of action, etc.). Previously we showed that a non-neutralizing human anti-HIV-1 gp41 anti-
body (TG15) can be turned into a broad neutralizing antibody when expressed on the surface of
HIV-1 susceptible cells. We named this approach as membrane-bound antibodies. To further de-
velop membrane-bound antibodies, for the past years we have been developing lipidated antibodies
through a glycosylphosphatidylinositol (GPI) anchor or through semi-chemical synthesis with de-
fined lipid moieties.
In the GPI anchor approach, we constructed recombinant lentiviral vectors expressing several
soluble and GPI-anchored human scFvs (TG15, AB31, AB32, X5 and 48d) against different epitopes
of HIV-1 envelope and an irrelevant scFv control (AB65) and transduced them into several HIV-
1-susceptible cell lines. We demonstrated that 1) with a GPI-attachment signal genetically linked
to scFvs all these scFv fusion genes are expressed on the cell surface through GPI anchor; 2) two
of these new GPI-scFvs (X5 and 48d) are much more potent inhibitors against diverse HIV-1
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strains than GPI-scFv (TG15), indicating that potency and breadth of inhibition by GPI-scFvs are
epitope-dependent; 3) these GPI-scFvs inhibit both cell-free and cell-associated HIV-1 as well as
HIV-1 envelope-mediated cell-cell fusion; and 4) mechanistically, the potent inhibition by the GPI-
scFvs does not depend on additional soluble CD4; while the inhibition by their soluble form of
scFvs depend on soluble CD4.  Thus, from these studies we conclude that GPI-anchoring is one of
powerful ways to turn certain antibodies into broad and potent neutralizing antibodies. The GPI-
scFvs (X5 and 48d) with such broad and potent inhibitory activity should have great potential to be
developed into anti-HIV-1 agents in prevention and in therapy. A manuscript based on these find-
ings is being written now. In the near future, we will collaborate with Dr. Lishan Su's group at the
University of North Carolina to test in vivo efficacy of one of GPI-scFvs and its irrelevant control
using his humanized SCID model.
In the semi-chemical synthesis, we, in the collaboration with Dr. Biao Yu's laboratory at the SIOC,
CAS, have semi-chemically synthesized and tested 12 lipidated GFPs about their incorporation onto
plasma membrane of human CD4+ T cell line CEMss. We found that some lipid moieties (such as
#74, #76, #78, #86 and #94) incorporate GFP into the cells more efficiently than GPI analogs. A
manuscript based on these findings is being written now. Unfortunately when we chemically ligated
the lipid moiety (#76) to the soluble scFvs with thioester group at their C-terminus, the ligation reac-
tion itself destroys the disulfide bonds of scFvs.  This unexpected bad news prompted us to search for
some alternatives by testing several new approaches to lipidate scFvs now.

2. Develop influenza HA and NA pseudotype-based neutralization assay and its utilities
Neutralizing antibody responses are critical for virus prevention and clearance and for serodiagnosis.
Microneutralization (MN) and the hemagglutination inhibition (HI) assays are currently used to evaluate
neutralizing antibody responses against highly pathogenic avian influenza (HPAI) H5N1 viruses.
However, due to the use of replication competent HPAI viruses both assays require biosafety level
3 (BSL-3) containment facilities. Therefore, a neutralization assay that does not require BSL-3 facili-
ties would be advantageous. Toward this goal, we generated an influenza HA and NA pseudotype
panel. Using the panel we developed a HA/NA pseudotype-based neutralization (PN) assay. We
demonstrated that the PN assay exhibits specificity for H5N1 virus of several clades and subclades.
Moreover, we demonstrated excellent correlation between neutralization titers measured by PN
assay and MN and HI titers. Finally, in collaboration with Drs. Catherine Caillet and Fred Vogel at
Sanofi Pasteur using immune and challenged ferret sera we showed that the PN assay is a sensitive
and quantifiable assay in measuring neutralizing antibodies against diverse clades and subclades of
H5N1 viruses. A manuscript based on these findings was accepted in Vaccine.
Cross-subtypic neutralizing antibody response between the seasonal influenza vaccine and poten-
tial pandemic influenza viruses has important implications for public health. Previously, two studies
on cross-subtypic immunity to H5N1 viruses elicited with 2005-2006 seasonal influenza vaccine
reported conflicting results. Therefore, in this study, using a sensitive PN assay that we have
developed recently we tested cross-subtypic neutralizing antibody responses to H5N1 viruses
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elicited with seasonal influenza vaccines. Neutralizing antibody responses in pre- and post-immune
sera of 12 healthy donors vaccinated with the 2008-2009 seasonal influenza vaccine were evalu-
ated by the PN assay against a panel of HA and NA pseudotypes. Our results clearly demon-
strated that cross-subtypic neutralization activity against various clades and subclades of H5N1 is
indeed elicited with seasonal influenza vaccine. A manuscript based on these findings was submitted.
In the collaboration with Dr. Jianqing Xu's group in the Jinshan Public Health Hospital, the Fudan
University, we evaluated neutralizing antibody responses during the early course of the pandemic
S-OIV infection in humans using a PN assay. We demonstrated that 1) neutralizing antibody
responses against S-OIV can be detected in most early infected patients, which correlates with
the rise of anti-S-OIV Ig M antibody response; and 2) antibody responses elicited with S-OIV
infection also exhibited measurable neutralization activity against seasonal and HPAI H5N1 influ-
enza viruses. A manuscript based these and other findings was submitted.

3. Develop virus like particle (VLP) immunogens against HIV and influenza A viruses
(HPAI H5N1and pandemic S-OIV viruses)
Vaccination is a cost-effective means to combat viral infection. Historically, live attenuated viruses
have been used as vaccine candidates to control many viral infections. The vaccine elicits both
humoral and cell-mediated immune responses which provide immune protection. In non-human
primates, live attenuated SIV vaccine has been shown to significantly lower viral loads and delay
disease progression after wild SIV challenge. However, some live attenuated virus vaccines such
as HIV have been limited to animal studies, but not human clinical trials due to the safety concerns.
In an attempt to structurally mimic virus particle, but without potential risks involving some live
attenuated viruses, virus like particles (VLP) have been developed and used as immunogens.
There are several advantages of using VLP as immunogens.  First, since the VLP does not repli-
cate and does not contain viral genome, they avoid the formidable safety concerns associated with
whole-inactivated and live attenuated viral vaccines. Second, the immune system responds well to
particulate antigens that are the size of viruses. Third, envelope proteins on the surface of VLP are
likely in their native forms to elicit desirable antibody responses. Finally, by recombinant technol-
ogy many new features can be incorporated into VLP to improve their immunogenecity.
However, current ways to produce VLP of enveloped viruses such as HIV and influenza viruses
has many limitations. Therefore, to overcome these limitations in VLP production, we have devel-
oped a novel system to produce VLP (Here the details of the system are purposely omitted for the
reason of IP).  So far, using this system we have successfully produced large amount of HIV, new
pandemic H1N1 S-OIV, HPAI H5N1 VLP expressing viral core and found that their envelope proteins
are properly cleaved. A provision patent based on these inventions will be filed soon.  The immunogenecity
and immunoprotection of these VLPs is being tested or will be tested soon.  Some preliminary data
indicate that VLPs expressing H5N1 envelope proteins elicit decent neutralizing antibody responses
even without any supplement of adjuvants.  In collaboration with Drs. Vincent Deubel and Philippe
Buchy at the IPC very soon we will test the in vivo efficacy of some of these VLPs.
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4. Develop neutralizing human monoclonal antibodies against HPAI H5N1 viruses
Since 1997, HPAI H5N1 viruses have been isolated from infected domestic poultry in numerous coun-
tries in Asia, Europe and Africa. As a result, an increasing number of avian to human transmissions have
occurred. As of May 15, 2009, 424 human infections with H5N1 have been confirmed, resulting in 261
deaths. In addition, drug-resistant strains of H5N1 were reported. The high degree of mortality and the
resistance to drugs highlight the importance to develop alternative therapeutic approaches.
Thus, in collaboration with Dr. Boping Zhou in the Donghu Infectious Diseases Hospital, we tested
neutralizing antibody activity of sera of two H5N1 infected patients and found that the patient sera
have potent neutralization activity against various clades and subclades of H5N1 viruses. We then
isolated and EBV-transformed memory B cells from one of patients in the presence of CpG. After
screening supernatants in over 10,000 wells, we identified 3 wells whose supernatants reduced
transduction efficiency of H5N1 pseudotypes in 2 logs or more; another 3 wells whose superna-
tants reduced transduction efficiency in 1.5 logs; and still another 2 wells whose supernatants
reduced transduction efficiency in 1 log.  We then directly isolated RNA from transformed B cells
in these wells and PCR amplified VH and VL of antibody genes and inserted them into expression
vectors to generate a pair of VH and VL libraries for each positive well. After painstakingly
across-board testing, so far three pairs of heavy and light chains of antibody molecules that have
potent neutralization activity against a panel of H5N1 pseudotypes have been identified and their
expression vectors have been transfected into Drosophila S2 cells.  Stable cell clones producing
these antibody molecules have been generated and the microgram quantity of antibodies have
been produced and purified. The purified antibodies exhibited potent neutralization activity against
diverse clades and subclades of H5N1 viruses. Interestingly, one of these monoclonal antibodies
also recognizes HA on the cell surface of 293 cells transfected with gene encoding HA from
influenza B virus. Because of this, we think it worthwhile to structurally dissect its neutralization
epitope this antibody directs. Currently in collaboration with Dr. John Skehel's group at the NIMR,
MCR in UK the antibody (65C6) is being co-crystallized with H5HA antigen to dissect the neutral-
ization epitope.  Meanwhile, we are performing mutagenesis study to determine amino acid resi-
dues involved in neutralization epitopes of these antibodies. In addition, in collaboration with Drs.
Vincent Deubel and Philippe Buchy at the IPC very soon we will test the in vivo efficacy of these
antibodies. Thus, we are hoping that not only have these antibodies therapeutic value to save lives,
but also neutralization epitopes that we are going to discover will lead to great insight in designing
next generation of immunogens against this dreadful virus.

5. Develop a human - simian immunodeciency virus (HSIV)-infected pigtailed macaque model
The species-specific tropism of HIV-1, the primary cause of AIDS, has hindered the development
of an animal model of infection and disease. Among nonhuman primates commonly used for AIDS
research, the pig-tailed macaque is uniquely susceptible to HIV-1, although infection does not
persist or cause disease due to an intrinsic block to viral replication.  In collaboration with Dr.
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Jason Kimata at the Baylor College of Medicine in Houston, USA, we first showed much higher
transduction efficiency in PBMCs isolated from pig-tailed macaques than rhesus macaques.  We
then demonstrated that robust replication of HIV-1 in pig-tail T cells after substituting the viral
infectivity factor protein, vif, with that from SIV. Currently, in collaboration with Dr. Shui-Lok Hu
at the Washington National Primate Center, Seattle, USA, the HIV-1(N-L4-3)-SIV-vif chimera
was inoculated into two adult pigtailed macaques and preliminary data are very encouraging.
Meanwhile, additional HSIV chimeras have been constructed and tested.  Some of these con-
structs that have good in vitro growth kinetics in pigtailed macaque PBMCs will be inoculated into
pigtailed macaques soon. I believe that this HSIV-infected pigtailed macaque model, if succeeded,
will have an enormous impact in HIV vaccine development.

Collaboration

1. Fred Vogel Sanofi Pasteur, France
2. Boping Zhou Donghu Infectious Diseases Hospital, Shenzhen, China
3. John Skehel National Institutes of Medical Research, MRC, Mill Hill, UK
4. Vincent Deubel Institute Pasteur of Cambodia
5. Philippe Buchy Institute Pasteur of Cambodia
6. Jianqing Xu Jinshan Public Health Hospital, Fudan University
7. Jason Kimata Barloy College of Medicine, Houston, USA
8. Shui-Lok Hu Washington National Primate Center, Seattle, USA
9. Lishan Su University of North Carolina, Chapel Hill, USA
10. Biao Yu Shanghai Institute Organic Chemistry, CAS
11. Others HIV/AIDS Vaccine Network in China

Funding

1. Project Leader in the grant funded by the Li Kai-Shing Foundation entitled "Optimization of
influenza HA-based pseudotypes and their use in development of a novel neutralizing assay" (07-
01-06 to 06-30-10)
2. Project Leader in the Chinese Ministry of Science and Technology 973 program grant
2006CB504308 entitled "Anti-viral Immunity: Basic Science and Therapeutic Applications" (01-
01-07 to 12-31-11)
3. Principal Investigator in the Shanghai Pasteur Foundation program grant entitled "Develop
humanized mouse model for evaluating efficacy and safety of vaccine candidates against HIV"
(01-01-08 to 12-31-11)
4. Project Leader in the National Science and Technology Major Project on Vaccine against HIV
2008ZX10001-1010 entitled "Research on VLP" (10-01-08 to12-31-10)
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5. Project Leader in the National Science and Technology Major Project on Platform Develop-
ment for Diagnosis of Respiratory and CNS Viral Infection 2009ZX10004-105 entitled "Pseudotype-
based Assay for Measuring Neutralizing Antibody Responses against HPAI H5N1 viruses" (10-
01-08 to12-31-10)
6. Project Leader in International Cooperation Project between Areva and Pasteur
entitled"Research on Microbicides against HIV"(01-01-08 to 12-31-10)

Research grant pending

Principal Investigator in the grant entitled "Develop saponins from traditional Chinese medicines
(Ginseng and Astragalus) into novel adjuvants in virus like particle-based vaccine formulations" (1-
1-10 to 12-31-12)

Publications and patents

Wang, W.,  Ren, P., Mardi, S., Hou, L., Tsai, C., Chan, K.H., Cheng, P., Sheng, J., Buchy, P., Sun,
B., Toyoda, T., Lim, W., Peiris, J.S., Zhou, P., Deubel, V. Design of multiplexed detection assays
for identification of avian influenza a virus subtypes pathogenic to humans by SmartCycler real-
time reverse transcription-PCR. J Clin Microbiol. 47:86-92, 2009

Tsai, C., Caillet, C., Hu, H., Zhou, F., Ding, H., Zhang, G.L., Zhou, B.P., Lu, S.,  Buchy, P.,
Deubel, V., Vogel, F. and Zhou, P. Measurement of neutralizing antibody responses against H5N1
clades in immunized mice and ferrets using pseudotypes expressing influenza hemagglutinin and
neuraminidase. Vaccine 27 :6777-6790, 2009

Tsai, C., Ding, H., Zhou, F., and Zhou, P. Cross-subtypic neutralizing antibody responses against
H5N1 avian influenza viruses in humans vaccinated with 2008 - 2009 seasonal influenza vaccine.
Submitted

Qiu, R., Tsai, C., Wan, Y., Tian, D., Cheng, Y., Qiu, C., Ye, R., Song, Z., Zhou, M., Yuan, S., Hu, Y.,
Zhou, Z., Zhang, Z., Yuan, Z., Zhou, P., and Xu J. Early Immune Responses and Cross-reactivity
of Neutralizing Antibodies in Humans Infected with Pandemic 2009 H1N1 Influenza Virus. Sub-
mitted

Zhou, P., Wang, H. Q., and Li, P. "Lipidated antibodies as novel anti-viral agents" (European
Patent, March.2009)

Zhou, P., Tsai, C. G., Toyoda, T., and Buchy, P. "HA/NA pseudotyped lentiviral vector and its
uses" (European and US Patent, March.2008)
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Unit of Viral Genome Regulation

Principal investigator

Tetsuya TOYODA
Ph.D from Nagoya University School of Medicine, Japan; Postdoctoral fellow at Dept. of Anatomy
of Harvard Medical School, USA (1988-1991) and Institute of Child Health and Human of Na-
tional Institute of Health, USA (1991-1992);
Professor and Chairman at Department of Virology of Kurume University School of Medicine
(1995-2003).
Visiting Professor at Aichi Medical University, Japan (2003-2005).

Team members

Research Assistants: Jinlan Wang, Chen Chen
M.Sc-Ph.D. Students: Hongbing Jiang, Leiyun Weng, Qiang Wang
Ph.D. Studenst: Shijian Zhang
Technicians: Xiao Tian, Yidong Xu

Research objectives

1. Polymerase Project: Biochemical and structural analysis of viral polymerase and rep-
lication complexes
Viral disease is caused by interaction between a virus and a host. Replication of virus is essential
to cause disease and viral polymerase is the key molecule for viral replication. Our group focuses
on Molecular Dissection (molecular and structural analysis) of viral RNA polymerases (RdRp)
and reverse transcriptase (RT) with host cellular factors. Both RdRp and RT play an essential role
in viral replication and are prime targets for the development of antiviral drugs because of no
equivalent in the host cells. We purified the following polymerases (Fig. 1).

Negative stranded RNA virus
1. Influenza virus RNA polymerase
Positive stranded RNA virus
2. Hepatitis C virus (HCV) NS5B RNA polymerase
3. Enterovirus 71 (EV71) 3D RNA polymerase
4. SARS coronavirus RNA polymerase
5. Japanese encephalitis virus (JEV) NS5 RNA polymerase
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Reverse transcriptase
6. Hepatitis B virus (HBV) reverse transcriptase (RT).

Highlights of research progress & achievements

1. Kinetic constants of RdRp
We finished the kinetic analysis of HCV, influenza and EV71 RdRp (Table 1). Km of influenza
RdRp agrees with its high mutation rate. Km (GTP) of HCV RdRp indicates GTP bind to RdRp.
EV71 3Dpol has a UTP concentration threshold of > 12.5 M, below which it shows no activity.
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2. RNA polymerase activity and specific RNA structure are required for efficient HCV
replication in cultured cells (Murayama and Weng et al. PloS Path. In revision)
HCV research is limited because only JFH1 can replicate and produces viruses efficiently in Huh7
cells. In order to find the mechanism of replication of JFH1, we compared the structural and
biochemical differences of RdRp between JFH1 and HCR6 (1b) and J6CF (2a). We first identi-
fied the JFH1 RdRp specific amino acids; 377R, 450S, 455N, 517K and 561F, which enhanced
polymerase activity of HCR6 and J6CF. RNA polymerase activity and specific RNA structure are
required for efficient HCV replication in cultured cells.
We have previously reported that the NS3 helicase (N3H) and NS5B-to-3'X (N5BX) regions are
important for the efficient replication of hepatitis C virus (HCV) strain JFH-1 and viral production
in HuH-7 cells. In the current study, we investigated the relationships between HCV genome
replication, virus production activity and the structure of N5BX. We found that Q377R, A450S,
S455N, R517K and Y561F mutations resulted in up-regulation of J6CF NS5B polymerase activity
in vitro. However, the activation effects of these mutations in replicon and virus production assays
with JFH-1 N3H appeared to differ. In the presence of the N3H region and 3' untranslated region
(UTR) of JFH-1, a combination of A450S, R517K and Y561F was sufficient to confer HCV
genome replication activity and virus production ability to J6CF in cultured cells (Fig. 2). Y561F
was found to be encoded in the loop of 5BSL3.2 (CRE) and extended the annealing region for
kissing-loop interaction of CRE and 3'XSL2 (Fig. 3). We next analyzed the 3' structure of HCV
genome RNA. Shorter polyU/UC tracts of JFH-1 were more favorable for efficient RNA replica-
tion than J6CF. Furthermore, 9458G in the JFH-1 variable region (VR) was found to be respon-
sible for RNA replication activity by the suitable RNA structures. In conclusion, we found that
N3H, high polymerase activity, enhanced kissing-loop interactions and optimal viral RNA structure
of the 3'UTR were required for J6CF replication in cultured cells.

Fig2. Effect of A450S, S455N and R517K
Fig3. Comparison of 5BSL3.2 and Y561F mutations
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3. Sphingomyelin activates hepatitis C virus RNA polymerase in a genotype specific
manner (Weng et al. submitted)
Hepatitis C virus (HCV) replication and infection depend on the lipid components of the cell. HCV
infection causes chronic liver diseases including liver cirrhosis and hepatocellular carcinoma. We
previously reported that inhibitors of sphingomyelin biosynthesis inhibited HCV replication and
sphingomyelin binding to HCV RNA polymerase (RdRp). We tested sphingomyelin activation and
binding to HCV RdRp in vitro and found that sphingomyelin bound to 1b RdRp and activated it.
This is the first report of sphingomyelin binding to and activating RdRp by enhancing its template
binding activity. Sphingomyelin also bound to 1a and JFH1 (2a) RdRp, but did not activate them.
Sphingomyelin did not bind to or activate J6CF (2a) RdRp. The binding domain was mapped to the
helix-turn-helix structure (231-260) which is identical to the sphingomyelin binding domain (SBD)
peptide. In SBD, the negatively charged 244D of the turn interact with the positively charged
choline residue of sphingomyelin. 238S and 248E are important to keep the helix structures for the
polymerase activation (Fig. 4). Using hexanoyl sphingomyelin, the activation curve was fitted by
linear regression and reached a plateau. Twenty hexanoyl sphingomyelin molecules bind to SBD
via phosphorylcholine. At the same time, HCV RdRp are aligned on the sphingomyelin membrane
via the placement of their SBD into the membrane, which change its conformation so that it can
recruit RNA templates, and sphingomyelin forms a lipid layer through interactions between the
hydrocarbon chains of sphingosine and cell fatty acids. The sphingomyelin interaction is a new
target for controlling HCV infection.

Fig4. Sphingomyelin
binding and activation
site of HCV RdRp
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4. Influenza virus transcription and replication
We have purified influenza virus RdRp PB2-PB1-PA heterotrimer complex and analyzed its bio-
chemical characters. PB2 D710N and S714R mutations activated transcription initiation
synergistically. PB1 and PA of H5N1 highly pathogenic avian influenza virus activated H1N1
transcription and replication activity, which raised the risk of recombination of H5N1 although the
reassortant viruses were not recovered efficiently at the moment13). Influenza virus genome has
U or C at the 4th position of the 3'-termini of the genomes. The U-promoter has the stronger
promoter activity the C-promoter and formed stronger duplex structure with the 5'-terminus. From
the promoter activity in vitro, we proposed the classical "panhandle" structure model of influenza
virus genome for the genome structure in solution6).

5. Biochemical analysis of EV71 3D polymerase (Jiang et al. submitted)
We purified EV71 3Dpol of BrCr-TR and a Beijing isolate in 2008. EV71 3Dpol is a Mn2+-
specific polymerase. Little activity was detected with Co2+ beside Mn2+, and Mg2+ inhibited its
activity. It is a primer-dependent polymerase, but initiated de novo using poly(C). EV71 3Dpol did
not use poly(G) template. Km for GTP agreed with the report of ribavirin inhibition. We found that
Triton X-100 inhibited its polymerase activity at low concentration.
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Research objectives

The Unit of Tumor Virology (UTV) is dedicated to elucidating the mechanisms by which tumor
viruses mediated oncogenesis. The current studies of UTV are focused on the following areas: 1)
Mechanisms of viral latency control as well as viral lytic reactivation of Kaposi's Sarcoma Asso-
ciated Herpesvirus (KSHV); 2) HBV mediated pathogenesis.

Research progress & achievements

1. Cellular co-repressor TLE2 inhibits RTA mediated lytic reactivation of KSHV
RTA encoded by KSHV is a key factor involved in regulation of virus life cycles. It plays important
roles in at least three aspects: 1.recruiting essential factors for KSHV lytic replication, 2. Regulat-
ing gene expression of the host cell as well as the virus, 3. Contributing to latency establishment at
early stage post infection of host cell. It is supposed that RTA could realize above functions through
interacting with different cellular proteins. Therefore, exploring the RTA binding proteins is pivotal
in the research of the functions of RTA.
Through yeast two hybrid assay using RTA as a bait, TLE1 and TLE2 were found to interact with
RTA. TLE1/2 belong to the GRO/TLE family. As known, Groucho proteins are broadly expressed
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nuclear factors that lack intrinsic DNA-binding activity and interact with a variety of DNA-binding
proteins. Genetic studies in Drosophila identified the groucho (gro) allele as a viable mutation that
causes bunches of supernumerary bristles above the adult eyes. Comparison of Drosophila and
human Gro/TLE proteins first highlighted a shared five-domain structure characterized by two
remarkably conserved N- and C-terminal domains and three less conserved internal regions. The
highly conserved Gln-rich (Q) and Trp-Asp-repeat (WDR) domains are essential for the ability of
Gro/TLE to interact with a variety of DNA-binding proteins and mediate transcriptional repression.
The less conserved internal region contains three portions, the Gly-Pro-rich (GP), CcN and Ser-
Pro-rich (SP) domains, that respectively regulate Gro/TLE subcellular localization, phosphoryla-
tion and transcription repression activity.
The interaction between TLE2 and RTA was confirmed by GST binding and co-immunoprecipita-
tion assays (Fig. 1). Immunofluorescence analysis showed that TLE2 and RTA were colocalized
in the same nuclear compartment in KSHV infected cells. This interaction recruits TLE2 to RTA
bound to its recognition sites on DNA, represses RTA autoactivation and transactivation acitivy.
Moreover, TLE2 also inhibited the induction of lytic replication and virion production driven by
RTA. We further showed that Q, SP, WDR domains of TLE2 and the proline-rich domain of RTA
are essential for this interaction. Interestingly, RBP-Jκ was shown previously to bind to the same
Proline-rich domain of RTA, and this binding can be competed by TLE2. In addition, TLE2 can
form a complex with RTA to access the cognate DNA sequence of RRE at different promoters.
Intriguingly, the transcription level of TLE2 could be wupregulated by RTA during the lytic reacti-
vation process. Taken together, we have identified a new RTA binding protein TLE2 and demon-
strated that TLE2 could inhibit replication and transactivation mediated by RTA. This provides
another potentially important mechanism for maintenance of KSHV viral latency through interac-
tion with a host protein.

Fig1. GST binding assay
(A), co-immunoprecipita-
tion (B&C) and immunof-
luorescence (D) indicate
that TLE2 interacts with
RTA in vitro and in vivo
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2.Inhibition of KSHV infected primary effusion lymphomas in NOD/SCID mice by gamma-
secretase inhibitor
This project was collaborated with Dr. Erle Robertson at Upenn. In our previous study, we showed
that gamma-secretase inhibitor (GSI) which specifically blocks the production of intracellular Notch
(ICN) in cells can inhibit the proliferation of KSHV infected B lymphoma cells in vitro. This
indicates that GSI may have potential therapeutic value for the management of KSHV infected B
lymphoma patient. We sought to test if GSI can affect the proliferation of KSHV positive B
lymphoma cells in vivo. I firstly established an animal model by using SCID mouse which is sus-
ceptible for the growth of KSHV infected B lymphoma cell line BCBL1. And then I used GSI to
treat the mouse daily and used saline as a control. In this study, I found that GSI can greatly slow
down the progression of the tumor in vivo, in addition, GSI also significantly prolong the survival
time of the mice treated with GSI compared to the control mice (Fig. 2).

Fig2. vival curves for GSI treated
NOD/SCID mice inoculated with
KSHV positive PELs. (A) Gamma
secretase inhibitor (GSI) treatment of
PEL/SCID mice delayed tumor
growth. (B,C,D) The survival curves
for GSI-treated and mock-treated
SCID mice

3. Transcriptome classification of hepatitis B virus (HBV) related hepatocellular carci-
noma (HCC)
This is a collaboration project with Dr. Wei Yu from Institut Pasteur in Paris as well as Dr.Weiping
Zhou from Eastern Hepatobiliary Surgery Hospital, Second Military Medical University.
The goal of this project is to classify HBV related HCC by analyzing the genetic alteration of
tumor tissue. We have collected near 200 clinical tissue samples excised from HBV positive HCC
patients, and all of the patients have been followed up more than 3 years. We screened the genetic
mutations of p53 and β-catenin, which are quite often among HCC. In our HCC cohort, all of the
liver tumor samples have p53 mutation, but only found two patients with β-catenin mutation. As a
start, 72 HCC tumor tissues have been analyzed by cDNA profiling microarray. According to the
microarray data, 72 tumors could be roughly classified into 4 subgroups by unsupervised hierarchi-
cal clustering. Referring to the follow up results, we found one subgroup about 20 patients has the
best prognosis, only 6% recurrence in it comparing more than 50% recurrence in other groups,
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which is also neighboring the normal liver tissue controls on the dendrogram. So, only based on the
gene expression pattern of tumor tissue, the survival of HBV related HCC, at least part of them,
could be predicted. We are calculating the gene signature to value the prediction on HCC test
group and also for clinical qPCR screening. Comparing the differential gene expression and path-
ways among subgroups, we will try to characterize distinctive oncogenesis for each subgroup. So
far, the project is moving forward steadily.

4. Foreign antigen-mediated T cell response against the persistent infection of hepatitis B virus
Chronic hepatitis B infection is characterized by functionally impaired T cell responses. To ensure
active immunotherapy, the immune response must be switched from exhausted T cells to func-
tional effectors that can attain the liver and cure the viral infection. We thus designed a recombi-
nant HBV (rHBV) containing a modified viral core gene that specifically delivers a foreign
immunodominant polyepitope to the liver. This recombinant virus could only be self-maintained in
hepatocytes already infected by HBV through capsid complementation. Our previous work sug-
gested that rHBV-based immunization in mouse model could elicit a vigorous intrahepatic T cell
response. Following rHBV-priming and the hydrodynamic injection, the expression of hepatitis B
surface antigen (HBsAg) in liver of the transgenic mouse was almost inhibited without causing
major liver injury (Fig. 3). We now try to develop productive cell lines to prepare the rHBV virions,
in order to feature the potential rHBV infection/replication at the level of in vitro model of primary
cultured human hepatocytes. Moreover, we will make efforts to investigate the potential competi-
tive relationship between rHBV and the wild type HBV by transient transfection assay, and by the
assay of super infection in primary human hepatocytes. MHC humanized lineage (HLA-A2/DR1)
and HBV transgenic mice will be used in our study as surrogate models to validate the rHBV-
based active immunotherapy. Since rHBV co-maintains with wild type HBV in hepatocytes and
shares the same replicative cycle, we could expect that rHBV-based T cell responses might exert
their antiviral functions in a broader and even more efficient way. It might represent an innovative
strategy of active immunotherapy during HBV persistent infection.

Fig3. Control of HBsAg expression in
HBsAg/HLA-A2/DR1 transgenic
mice. Follow-up of HBsAg levels in
ser a  of  HBsAg/HLA-A2/ DR1
transgenic mice after either an intra-
muscular injection of pCDNA3.1 plas-
mid at week 0 followed by a hydrody-
namic injection of prHBV1.3. Mice
were bled weekly with sera HBsAg
levels quantified
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5. Develop experimental mouse models of HBV persistent infection
HBV itself is not directly cytopathic. Immune responses play key effector and regulatory roles in
both liver pathogenesis and viral clearance. It is thus crucial to develop a suitable animal model to
study the immunopathogenesis of HBV infection and the mechanisms of HBV persistence. HBV
infects only human and chimpanzees. Previous studies on immunopathogenesis of HBV have
been almost approached by using HBV-transgenic mice which are inherently tolerant to transgene
products. However, these models have limitations in addressing what happens at the onset of
HBV infection that determines HBV persistence (Huang, et al. PNAS 2006). In our ongoing
project, we make use of the hydrodynamic injection technique (hyd.) to deliver HBV directly to the
liver, in an attempt to mimic viral infection in the mouse model. An HLA-transgenic mouse lineage
(HLA-A02.01/DR1-transgenic, H-2 class I/class II KO, C57BL/6) is used as a "humanized" model
which exhibits a strong intrahepatic HLA-restricted T cell response after injection of the HBV-
encoding plasmid through hyd. route. For the purpose of a surrogate model of HBV persistent
infection, we try to deplete the mouse CD4+ T cell before injection of HBV plasmid in order to
diminish the specific T cell response and the memory; or to over-express interleukin 10 to restrict
the potential inflammation in situ; to knockdown the hepatocyte nuclear factor 1 alpha in order to
up-regulate the hepatic replication of HBV after hyd. injection; to down-regulate some crucial
adaptor proteins involved in type I interferon signaling pathway.  This project is now ongoing
smoothly. We expect to develop a non-transgenic mouse model with HBV persistent replication,
and the potential liver pathogenesis.
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Research objectives

Hepatitis C virus (HCV) causes acute and chronic hepatitis, liver fibrosis and cirrhosis, and hepa-
tocellular carcinoma. It currently infects more than 38 million people in China and 170 million
people over the world. There is no vaccine to prevent HCV infection yet, and the current inter-
feron-based treatment is partially effective and has strong side effects. The main interest of our
laboratory is to study biology of HCV infection and virus-host interactions at the molecular and
cellular levels. Our current efforts are being focused on the development of experimental model
systems for HCV infection, identification of viral and host factors that determine the outcome of
HCV infection in vitro and in vivo. We hope that our research will yield important findings that
ultimately contribute to the prevention and treatment of HCV infection.

Highlights of research progress & achievements

1. Molecular studies of viral mutations that were selected from the persistent infections
Recent development of cell culture model for HCV infection provided an invaluable tool to study
the entire life cycle of HCV. Our previous results showed that HCV infection could be persistent
in cell culture for up to 6 months during which the virus evolved to gain the enhanced infectivity
and altered buoyant density distribution. The sequencing analysis revealed more than a dozen of
point mutations across the HCV RNA genome. In the current study, we analyzed three point
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mutations in HCV E2 for their effects on viral
infectivity, and found that a point mutation I414T was
largely responsible for the enhanced infectivity and
buoyant density changes. While the I414T mutation
had no significant effect on HCV RNA replication
and HCV entry, it promoted the production of infec-
tious viral particles and decreased the dependency
of viral entry on the levels of HCV receptors (CD81,
SR-B1 and Claudin-1). This observation was con-
sistent with the fast that the I414T mutation was se-
lected from a persistent infection during which the
host cells became resistant to infection by reducing
the CD81 levels on the cell surface. Furthermore,
we showed that the I414T mutation reduced the as-

sociation of viral particles with low-density lipoprotein or very low-density lipoproteins during the
virus secretion process, and the infection of the delipidated virus was more sensitive to the block-
ade by an anti-E2 neutralizing antibody and the recombinant CD81 proteins, but less sensitive to
anti-apolipoprotein antibodies. Our results provided more insights into the understanding of the
roles of lipoprotein associations in HCV life cycle.

2. Development of HCV infection cell culture model using a complementation system
which provides the envelope proteins in trans
A robust HCV cell culture infection system has been established using the JFH-1 isolate that
allows the virus to efficiently propagate in tissue culture. Here we showed that a trans-comple-
mented HCV system in vitro could be
established by using an envelope gene-
deleted HCV RNA and providing the E1
and E2 prot eins  in t r ans .  T he
cotransfection of the E1E2-deleted JFH-
1 RNA and a plasmid that expresses
JFH-1 E1 and E2 proteins in Huh-7.5.1
cells resulted in the production of infec-
tious HCV particles in the supernatant
(HCVTCP). Furthermore, we made a packaging Huh-7.5.1 cell line that stably expresses the
JFH-1 E1 and E2 proteins. The produced HCVTCP could propagate in the packaging cell line
while only allowed a single-round infection in naive cell lines. The introduction of adaptive muta-
tions in NS3 and NS5A could greatly enhance the HCVTCP production. This trans-complemented
HCV infection cell culture system should be an important addition to the current cell culture model
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for studying the HCV life cycle and virus-host interactions, and may provide a new way for the
HCV vaccine development.

3. Study of viral evolution during the interferon therapy of chronic HCV patients
About 50% chronic HCV patients do not develop sustained virological response to the interferon
treatment. The mechanisms with which HCV escapes from the interferon treatment remain elusive.
It is possible that the viral variants that are resistant to the interferon action are selected during the
treatment. We are collaborating with Professor Xie Qing at Ruijin Hospital to investigate how
HCV escapes from the interferon action. We have collected pre-, during- and post-treatment
HCV-positive sera from patients who failed in the interferon plus ribavirin therapy. We have
sequenced the entire open reading frame of the HCV RNA genome that was isolated from a
breakthrough patient whose serum HCV RNA levels decreased to below the detection limit but
rebounded during the treatment and a null response patient whose serum HCV RNA levels never
decreased more than 2-log during the treatment. We found that the HCV genomic sequences in
the breakthrough patient displayed significantly more mutations during the 1-year therapy than that
in the null-response patient, with p7 and NS2 encoding regions having the highest mutation rate.
The HCV sequence analysis of a 4-year post-therapy follow-up revealed that a vast majority of
mutations selected during the therapy in the breakthrough patient were maintained while very few
new mutations arose during the 4- year post-therapy span, suggesting the selection of the muta-
tions during the therapy phase may be driven by the action of interferon and ribavirin and these
adaptive mutations likely did not affect viral fitness. Our study provided a new clue in understand-
ing the interferon resistance during the therapy of chronic HCV patients.
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Research objectives

The goal of the unit is to understand the dynamical regulation of both innate and adaptive immune
response in acute and chronic virus infections and translate these basic research findings to immu-
notherapy and novel vaccines. Our current project includes three parts:
A. Study immune responses to human enteroviruses and related clinical implications;
B. Study immune pathogenesis of acute respiratory virus infections and translate the knowledge
into immunotherapy;
C. Study plasticity and fuzzy control of T cell responses.

Highlights of research progress & achievements

1. Immune pathogenesis of EV71 infection in human and adult mouse model of EV71 infection
Since enterovirus 71 (EV71) was first recognized in California in 1969, there have been four major
outbreaks involving dozens of fatalities in Bulgaria, Hungary, Malaysia and Taiwan in l975, l978,
1997 and 1998, respectively. More recently active circulation of EV71 is evident amongst coun-
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tries in South East Asia and China. In early March 2008, EV71 began spreading in the city of
Fuyang in Anhui province, which has killed more than 20 children and made about 3,736 others ill.
Since then on, 126 deaths and total 489073 cases have been reported in China by the end of 2008.
According to official proceedings, accumulating cases have reached more than 600,000, including
more than 300 deaths in 2009. What factors cause patients' morbility and mortality remains not
fully understood yet. In addition, no vaccine and no drug are available to prevent the infection and
treat the infected patients. We have been investigating the risk factors contributing to susceptibility
of EV71 infection and studying humoral and cellular response to EV71 infection in both patients
and mouse model.
We have been collaborating with Fuyang CDC for one year to investigate how poliovirus vaccina-
tion affects EV71 infection in children. We found that irregular immunization of poliovirus vaccine
is related to severity and higher susceptibility of EV71 infection in Fuyang city, Anhui province
[Fig1]. In addition, VP1 antigens of both poliovirus and EV71 viruses inhibit reciprocally their
binding to human IgG antibody. In all, our data suggest that poliovirus vaccination may provide
certain degree of cross-protection against EV71.

Fig1. Disease severity of EV71 in-
fected patients is related to the ir-
regularity of OPV vaccination

One of hurdle in developing vaccines against EV71 infections is lack of feasible small animal
model. Naturally EV71 does not infect mice. After adaptation in neonatal mice, the adaptive EV71
viruses are only able to infect less than 2 week old immune competent mice. We have also isolated
several EV71 and CAV16 viruses in different cell lines. Interestingly, we have also succeeded in
isolating one virus sample that is capable of growing in mouse neuronal cells after adaptation in
mice. Our mouse-adaptive EV71 virus is able to infect adult mice with 5-6 week of age so far.
Although we are still optimizing the adult mouse model of EV71 infection, this model, as far as we
know, is the best mouse model which is suitable for multiple immunization with EV71 vaccine and
immunological memory study.
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2. Cross-reactive preexisting immunity and seasonal influenza vaccination
Although early studies show vaccination with the seasonal influenza vaccines does not elicit pro-
tective immunity against 2009 pandemic H1N1influenza virus. However, later one clinical case
study revealed the seasonal influenza vaccination may have beneficial effects in prevention of the
2009 H1N1 virus infection. In addition, a recent study with ferret model has also demonstrated that
prior immunization with seasonal influenza vaccine can boost antibody response to 2009 H1N1
vaccine. Our unpublished data also revealed a positive correlation of pre-existing cross-reactive
antibody level against 2009 H1N1 HA and the antibody level after 2009 H1N1 vaccination in
young volunteers, suggesting that pre-existing immunity is beneficial to subsequent immune re-
sponse to the virus. Furthermore, several CD4 T cell epitopes have been also found to be con-
served among seasonal influenza virus and 2009 H1N1 virus. It is of our interest to study further
the potential role of pre-existing cross-reactive memory CD4 T cells in boosting antibody response
to 2009 H1N1 virus.

3. Effect of TCR- peptide-MHC affinity on T cell response and memory T cell development
CD8 T cells play a critical role in controlling viral infections, tumors and intracellular microbial
infections as well. When naïve CD8+T cells encounter the infectious agents from environment,
they become activated, undergo rapid expansion and turn to cytotoxic T lymphocytes (CTLs),
which then eradicate the pathogens within host cells. The pool of na?ve T cell clones is diverse and
contains cells bearing T cell antigen receptors (TCR) that differ in their affinity for the same
antigen. In addition, one single T cell clone can recognize a range of peptide antigens (epitopes)
with various degree of affinity. Michael Bevan's group have recently discovered that affinity
difference affects the function and the response kinetics of OT-I CD8+T cell clone and interest-
ingly even weak TCR-ligand interaction can activate the single T cell clone to proliferate and
generate effector and memory cells. While the single epitope (SIINFEKL, N4) is able to recruits
endogenous CD8+ T cell clones with an extremely broad range of functional avidities during early
T cell responses, but the composition repertoire shift to favor the "best fit", high avidity T cells. It
still remains mysterious whether the composition endogenous Antigen-specific CD8+ T cell reper-
toire will be and whether the low-affinity T cell clones to the same antigen can survive and further
become memory.
To explore the diversity, function and memory development of endogenous antigen-specific CD8+T
cell clones response to a single epitope, we have established infection mouse model of N4-ex-
pressing listeria in collaboration with Dr Hao Shen's group. On day 7 after the bacteria infection,
we analyzed antigen-specific T cell response to N4 and its 8 altered peptides (APL) with tetramer
staining. We observed that the N4-tetramer positive T cells are indeed the dominant population of
antigen-specific CD8+ T cells, consisting of 9.51% of CD8 T cells. Interestingly, all other APL+
tetramers positive T cells are also found to respond to Lm-N4Ova bacteria strain at various degrees.
Though previous study by Ed Plamer's group demonstrated that E1 peptide has the lowest affinity
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to OT-I T cells, to our surprise, its tetramer-positive T cells were found relatively higher level when
compared to other altered ligands (Fig. 2). This preliminary data suggests that indeed one peptide
antigen can elicit diverse antigen-specific T cell responses.

Fig1. Disease severity of EV71 in-
fected patients is related to the ir-
regularity of OPV vaccination

Recently we have obtained the APL-recombinant Listeria from Dr Dietmar Zehn. The system will
definitely advance our studies. We are currently studying the diversity, function and memory de-
velopment of endogenous peptide-specific memory CD8+T cells and the cross-reactivity between
different CD8+T cell clones using the mice infected with the APL-recombinant Listeria.
Furthermore, we are also interested in explore the functional affinity changes and repertoire diver-
sity of antigen specific CD8+T cells in the process of tumor growth.

Perspectives

1. Our data demonstrated that irregular poliovirus immunization is linked to susceptibility and se-
verity of EV71 infection in Fuyang city. This finding implies reinforcing poliovirus vaccination may
reduce the incidence and severity of EV71 infection. Together with the influenza data, we support
the idea that boosting cross-reactive immunity with heterogeneous vaccines could be used as a
general strategy to control emerging infectious diseases when vaccines are not available for their
causative pathogens.
2. Our finding of pre-existing immunity in humans against EV71 and 2009 H1N1 virus may shed
light on strategies of better vaccine design and preventing new emerging infectious diseases.
3. Our adult mouse model of EV71 infection will be useful in vaccine development and drug
evaluation and pathogenesis study.
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Funding

1. Li Ka Shing Foundation.
2. CAS 100-talents Program.
3. CAS vaccine initiative grant.
4. NSFC grant.
5. SIBS young scientist award (for Mingfei Jing)
6. National Postdoctoral Fellow Award (for Mingfei Jing)
7. Shanghai Postdoctoral Fellow Award (for Mingfei Jing)

Collaboration

1. Drs Junfeng Wan and Liyi Zhu, Fuyang CDC.
2. Dr Chengfeng Qin, State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of
Microbiology and Epidemiology.
3. Dr Zhiyong Ma, Shanghai Veterinary Research Institute, Chinese Academy of Agricultural
Sciences.
4. Drs Ye Zheng and Alexander Rudensky, Memorial Sloan-Kettering Cancer Center, USA.
5. Dr Johan Auwerx, Ecole Polytechnique Federale de Lausanne, Lausanne, Switzerland.
6. Dr Dietmar Zehn, Swiss Vaccine Research Institute, Lausanne, Switzerland.
7. Dr Honglin Xu, Bejing Iinstitute of Serum and Biological products.
8. Drs Hao Shen and Honglin Wang, Shanghai Jiaotong University Medical school.

Publication

Jiang T, Li X, Liu W, Yu M, Liu J, Yu X, Qin E, Cao W, Leng Q, Qin C. Serum Antibody Response
to the Novel Influenza A (H1N1) Virus in the Elderly. Clin Infect Dis. 2010, 50(2):285-6.
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Unit of Structural Virology

Principal investigator

Rong CHEN, Professor
Ph.D. from Baylor College of Medicine, USA (1997-2003);
Postdoctoral Associate, Baylor College of Medicine, USA (2003-2005);
Research Fellow in Microbiology and Molecular Genetics, Brigham and Women's Hospital, Harvard
Medical School (2005-2006);
Research Fellow in Cell Biology, Harvard Medical School (2007).

Team members

Research Assistants: Yaling HE, Xudong OUYANG, Jie DING, Haoyang LI, Peng LV, Hua GAO,
Qian WANG
M.Sc-Ph.D Students: Ke LV, Xiaoxi LIN (1st rotation), Shubing Tang (2nd rotatio)
Ph.D Students: Fuchun Yang
Intern: Jibin Li, Juhao Yang

Research objectives

1. To elucidate the molecular and structural basis of EV71 pathogenesis.
Enterovirus 71 or EV71, a member of the Picornaviridae, has caused significant morbidity and
mortality in China and other Asia-pacific regions. As the major cause of hand-foot-and-mouth
disease, EV71 were associated with a total of 286 deaths in mainland China (March-August in
2009, China CDC). Currently, vaccines or drugs are still not available.
We are interested to elucidate the molecular and structural basis of EV71 pathogenesis. Our first
goal is to identify key host factors involved in EV71 pathogenesis through yeast two-hybrid
experiments. We will continue by deciphering roles of these host factors involved in EV71 patho-
genesis from virology studies. In parallel we will carry out x-ray crystallography or cryoEM analy-
sis to understand the structural details of various macromolecular complexes which are of impor-
tance to EV71 pathogenesis.
Meanwhile, we are employing insect cell expression system to produce virus-like particles of EV71.
In collaboration with the Academy of Military Medical Sciences, we are in the progress of obtaining
neutralization antibodies against EV71. Future studies will be focused on structural characterization
of EV71 or VLP alone or in complex with neutralization antibody or identified cellular receptor.
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We expect our studies will lead to a better understanding of the mechanism of EV71 pathogenesis,
and provide some clues for effective drug development.

2. To understand the structural basis of HCV cell entry.
We are interested to elucidate the structural basis of HCV cell entry, through a hybrid structural
biology approach including both x-ray crystallography and cryoEM. HCV accomplished its cell entry
process through two viral glycoproteins-E1 and E2, and at least four cellular receptors-CD81, claudin
1, SRBI and occludin. However, the detailed molecular events underlying HCV cell penetration
process is still unclear. Two sets of experiments are in parallel: 1) to produce large quantities of
functional E1E2 heterodimer; 2) to produce functional CD81, claudin 1, SRBI and occludin. We will
then generate various HCV cell entry complexes to elucidate the structural details.

3. To understand the molecular and structural basis of RNA replication in human parainfluenza
virus and human respiratory syncytia virus.
HPIV and HRSV are major human pathogens responsible for respiratory tract diseases. The
RNA genome replication complex comprises of three (for HPIV) or four viral proteins (HRSV).
We are interested to identify host factors important for HPIV3 and HRSV genome replication and
to generate structural model of macromolecular machinery involved in their genome replication.

Highlights of research progress & achievements

1. EV71 Interactome
Yeast two-hybrid approach has been taken to map the EV71 interactome. Various viral proteins
encoded by the EV71 genome have been taken
as prey to identify cellular proteins involved in
EV71 pathogenesis. Particularly for VP1, a
capsid protein, over 100 cellular proteins have
been identified as interaction partners. For 2C, a
non-structural protein involved in genome
replication, at least 3 cellular proteins have been
identified as interaction partners. Significance of
these host factors involved in EV71 pathogen-
esis is being investigated.
HEK-293T cells were cotransfected with HA-
tagged VP1 and Myc-tagged C-terminal B27.
After 24h, transfected HEK-293T cells were
lysed under nondenaturing conditions, and the
cleared lysates were subjected to immunopre-
cipitation using rabbit anti-HA tag antibodies or

Fig1. Interaction of EV71 capsid pro-
tein VP1 with C-terminal B27 protein
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without antibodies as a control. Reaction were analyzed on 12% SDS-PAGE and western-blotted
using mouse anti-Myc antibodies as indicated. Input, about 20% of the total cell lysate used in the
immunoprecipitation experiment. The arrow indicates myc-tagged B27 protein.

Fig2. Colocalization of EV71 capsid protein VP1 with full-length B27

HEK-293T (a-d) or Vero (e-h) cells were cotransfected with HA-tagged VP1 and Myc-tagged
B27. After 24h, transfected HEK-293T or Vero cells were harvested for immunostaining with
mouse monoclonal antibodies against myc tag and rabbit polyclonal antibodies against HA tag.
Fluorescence was then evaluated by confocal microscopy. The right panel is the merged image
of the left three panels, and the yellow fluorescent foci indicate the extent of colocalization. Scale
bars=10µm.

2. HCV cell entry complex
We have expressed E1E2 and all four cellular receptors in mammalian cells. Optimization of the
conditions for functional purification is in progress.

3. Expression and purification of key components in HPIV and HRSV genome replica-
tion machinery
Insect cells have been used to express all viral components of the HPIV and HRSV genome
replication machinery.

Perspectives

A 200kV transmission electron microscope for cryoEM studies was ordered and will be in place
around middle in 2010.
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Funding

1. Principle Investigator, 100 Talents Program, CAS (2009-2012)
2. Principle Investigator, Frontier Research Sponsor Program for Young Talents, SIBS-CAS (2008-
2010)
3. Principle Investigator, Shanghai PuJiang Career Development Award, Shanghai Municipality
(2009-2011)
4. Co-Principle Investigator, National Key Project on HIV and HCV (2008-2010)
5. Co-Principle Investigator, 973 Project (2010-2014)

Collaboration

ChengFeng Qin, PhD, the Academy of Military Medical Sciences

Publication

Chen R. (2009) "Application of synchrotron to virology studies". Chinese Bulletin of Life Sciences.
21(1), 4-6. (Invited Review)
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Unit of Molecular Immunology

Principal investigator

Bin LI
Ph.D. in Botany from Peking University (2001),
Postdoctoral Fellow (2001-2006) and Research Associate (2006-2009) in Immunology at the Uni-
versity of Pennsylvania School of Medicine,
Research Visiting Scholar in Immunology in Sir William Dunn School of Pathology at the Univer-
sity of Oxford (2002-2003)

Team members

Co-Principal Investigator: Zhengju Yao, Ph.D
Research Assistant: Fang Lin; Zhiyuan Li; Jing Zhang
Postdoctoral Fellow: Yongfen Xu, Ph.D ( co-supervised with Jin Zhong); Andy Tsun Ph.D.(co-
supervised with Jin Zhong);
Ph.D candidate: Yayi Gao (2nd year);
M.Sc-Ph.D Sutdent: Zuojia Chen (2nd year);
Student in rotation: Jianlin Zhong; Jia Nie; Qinglan Zhao; Zhao Shan
Intern: Xiaohua Zhou; Evelyn Ly; Yangyang Li and Yue Xing;

Research objectives

Unit of Molecular Immunology is a research unit newly established in February 2009. Our re-
search goal is to elucidate the cellular and molecular mechanisms regulating the immune response
in health and disease including infectious diseases, autoimmune diseases and cancer. Currently,
we are particularly interested in understanding the dynamic role of one subpopulation of T cells,
namely CD4+CD25+FOXP3+ regulatory T cells (FOXP3+Tregs), in major human infectious
diseases.
We are mostly interested in the signal-dependent regulation of FOXP3, especially its posttransla-
tional modification and transcriptional complex ensemble with other enzymatic corepressors or
coactivators. So far, we are the pioneers working on its posttranslational modification and complex
ensemble in the field. We are also exploring the molecular mechanism underlying how other T cell
lineage specifying transcription factors regulate T cell differentiation and function, and these projects
are also pretty exciting.
The level and activity of the forkhead family transcription factor FOXP3 determine the immune
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function of FOXP3+Tregs. At the beginning of infectious processes, FOXP3+Tregs may regulate
effector immune cell responses and lead to failure to control infection. FOXP3+Tregs may also
help to limit collateral tissue damage when the antiviral immune responses are too vigorous. Un-
derstanding the regulation of FOXP3 and the dynamic ensemble of FOXP3 with enzymatic cofac-
tors in Tregs will provide therapeutic applications for major human viral infectious diseases includ-
ing HIV, hepatitis B and C viruses.
Based on previous findings (Reviewed in Immunol Rev 212:99-113; Curr Opin Immunol 19(5):589-
95; Cell Cycle 15;6(12):1432-6; and Immunology 123(1):17-9), we hypothesize that in both
FOXP3+Tregs and FOXP3+ epithelial cells, 1) FOXP3 is highly regulated in a spatial and temporal
manner in response to physiological signals during viral infection; 2) the function of FOXP3 is
dependent on its posttranslational modification status; 3) the function of FOXP3 is also dependent
on its dynamic ensemble with other binding partners, including several key transcription factors
and enzymatic co-repressors and/or co-activators.
In order to test the hypothesis and elucidate the function of FOXP3+Tregs in infectious diseases,
we will combine molecular, biochemical, structural, cellular and mouse genetic tools to work on the
following projects:
I.  BINDING PARTNERS
To identify the binding partners, upstream regulators and downstream effectors of FOXP3 and
analyze their function in modulating Treg activity in infectious diseases;
II.  SIGNAL TRANSDUCTION
To study signal-dependent spatial and temporal regulation of FOXP3 level, activity and ensemble
during infectious processes;
III.  POSTTRANSLATIONAL MODIFICATION
To examine activity-dependent post-translational modifications of FOXP3 and the functional con-
sequences in response to various viral infection.

Highlights of research progress & achievements

Our goal is firstly to establish a lab that everyone will have a passion on their own projects, so that
they feel happy to do their job at the same time also enjoy their own life, which is equally important.
In 2009, one of my main focus is to identify new lab members with great passion in the research.
Our unit now has three research assistants, one MS-Ph.D student, one Ph.D student and three
undergraduate students who intend to join in the graduate studies at IPS in 2010. We also have four
first-year graduate students who has done or is doing their rotations in our lab. We have two co-
supervised postdoctoral fellows, including the first foreign postdoctoral fellow in our institution, Dr.
Andy Tsun, who had recently joined in our lab after he graduated from Gillian Griffith's lab at
Cambridge University in UK in 2009. I have also recruited one co-PI/associate professor, Dr.
Zhengju Yao who was trained in Dr. John O'Shea's Lab at NIH, and has solid research back-
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ground in cellular immunology and regulatory T cell biology, as demonstrated by two first author
papers published in peer reviewed international journals as PNAS and BLOOD.
Our research assistants and graduate students are dedicated to their own research projects, while
they also make great contribution to help me to establish this research unit from ground zero. For
instance, one of our graduate students, Zuojia Chen, have recently identified an E3 ubiquitin ligase
which interacts with FOXP3 and downregulates its protein level and function. Another graduate
student, Yayi Gao, is currently identifying novel binding partners of FOXP3 in cytomplasm, in
nucleus and on chromatin by employing two different strategies. Our four rotation students and our
intern students are also developing new research projects related to identifying binding partners
and their physiological interactions with other T cell lineage specifying transcription factors includ-
ing ThPOK, EGR2, PLZF, IRF4, RUNX1 and ROR t. Our research assistant, Fang Lin, provides
me with great assistance on daily managing the research unit and on applying for eight different
research grants, including three of which are still under pending and five of which have been
funded in 2009 such as the National Natural Science Foundation of China (Grant No. 30972702),
the Science and Technology Commission of Shanghai Municipality (Grant No.  09JC1416100), and
the Shanghai Science and Technology Rising-Star Program (Grant No. 10QA1407900). The other
two research assistants are also intending to get enrolled in our Ph.D. program in 2010, including
Zhiyuan Li, who has helped me with great technical assistances on supervising our summer students,
intern students and rotations students, while he is working on an independent project on FOXP3
phosphorylation and its effect on FOXP3 ubiquitination, and Jing Zhang, who are working on
identifying deubiquitinase of FOXP3 in human Treg cells. Professor Jin Zhong's Lab at IPS has
recently recruited a new postdoc, Dr. Yongfen Xu, who has nice research background on virology.
I am a co-supervisor for Dr. Xu. And Jin Zhong will also be a co-supervisor of our postdoctoral
fellow, Dr. Andy Tsun. We expect that our two research groups will have great synergy in the
combined research project on HCV and its immune interaction. Our postdoctoral fellow Dr. Andy
Tsun has recently been awarded a CAS Young International Scientists Fellowship and is applying
for the Research Grant for Young Foreign Scientists, entitled "The Regulation of FOXP3+ Regu-
latory T cells in Chronic Hepatitis C Virus (HCV) Infection in Humans". As a member of Ameri-
can association of Immunologists, I was awarded a 2009 AAI Junior Faculty Travel Grant, based
on the meeting abstract I submitted to the 96th AAI meeting in Seattle. In December 2009, I was
entitled "one hundred talents program of CAS", as well as the "Shanghai Science and Technology
Rising-Star Program".

Perspectives

We propose that the posttranslational modification and activation status of FOXP3 protein and
FOXP3 complex ensemble determine the active function of Treg cells under physiological condi-
tions in vivo. Based on our biochemical studies on FOXP3 complex ensemble and its posttranslational
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modification, we propose a multi-step model on FOXP3 activation and Treg function (Figure 1).
The first step relates to signals that induce transcription and translation of FOXP3.  The second
are signals that cause posttranslational modifications and the third and subsequent steps are the
ordered assembly of the FOXP3 complex which then binds to chromatin.

We propose that the transcription and translation of FOXP3 locus is the first step which is essential
but not sufficient for Treg function.  Rather, the active status of FOXP3+ functional Tregs, which
play a fundamental role in immune tolerance, is dependent on the second step which involves the
posttranslational modification, including acetylation, methylation, phosphorylation, ubiquitination of
FOXP3 protein. Finally the third and subsequent steps include the ordered FOXP3 complex en-
semble assembly with other transcription factors and transcriptional coregulators including histone
modification enzymes and chromatin remodeling factors. Finally the activated and modified FOXP3
complex binds to specific sites of DNA on chromatin to regulate gene transcription.

Funding (Funded in 2009)

1. General Program of National Natural Science Foundation of China (30972702, PI: B. Li)
2. Key Program of the Science and Technology Commission of Shanghai Municipality
(09JC1416100, PI: B. Li)
3. The Shanghai Science and Technology Rising-Star Program (10QA1407900, PI: B. Li)
4. Pasteur Shanghai Health Research Foundation (0959P3A232, PI: B. Li)
5. The CAS network lab on Treg and novel vaccine development (KSCX2-YW-R-206, PI: B. Li)

Collaboration

1. Mark I. Greene, U. PENN School of Medicine

Fig1. A multi-step
model for FOXP3
activation in Treg
cells
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2. Song-Guo Zheng, Keck School of Medicine of USC
3. Lishan Su, UNC Lineberger Comprehensive Cancer Center
4. Yingfang Liu, Institute of Biophysics, CAS
5. Jin Zhong, Yan Zhang, Bing Sun, Rong-Fu Wang, Yong-Jun Liu, Jun-Qi Niu, Qing Xie, Institut
Pasteur of Shanghai, CAS

Publication (2009)

Saouaf SJ, Li B, Zhang G, Shen Y, Furuuchi N, Hancock WW, Greene MI.(2009) Deacetylase
inhibition increases regulatory T cell function and decreases incidence and severity of collagen-
induced arthritis. Experimental Molecular Pathology. 87(2):99-104

Zhou Z, Song X, Berezov A, Li B*, and Greene MI*. (2009) Structural aspects of the FOXP3
regulatory complex as an immunopharmacological target. International Journal of
Immunopharmacology. 9(5):518-20. (* co-corresponding authors)

Li B*, Shen Y, Zhou Z, Song X, Bembas K, Zhao XY, Cai Z, Berezov A, Saouaf SJ, Zhang HT,
Wang Q and Greene MI*. (2009) "The Epigenetics of Autoimmune Disease", edited by Prof.
Moncef ZOUALI (Paris, France), John Wiley & Sons, Inc. (* co-corresponding authors). ISBN:
0470758619
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Unit of  Viral Immunology

Principal investigator

Jianhua WANG
Ph.D training in Kunming Institute of Zoology, CAS (1999-2005)
Postdoctoral Fellow at Medical College of Wisconsin, USA (2005-2009).

Team members

Lab secretary: Wang Haiyan
Research assistants: Renrong Tian
Research assistants: Guo Qianqian
M.S.-Ph.D. Student: Qin Yan
M.S. Students in Co-supervising: Dongmei Guo, Li Li,

Research objectives

1. Mechanism of DC-mediated HIV transmission (DMHT)
DCs (Dendritic Cells) are amongst the first cells to encounter HIV-1 at the mucosa, and display
pivotal roles in the initiation of antiviral immunity. While DCs have also been shown to be hijacked
by HIV-1 for viral dissemination. Cell-associated viral trans infection or so-called transmission
provides HIV an escaping strategy for against immune response such as antibody neutralization,
even for against the antiviral therapy. The clarification of DMHT will facilitate the understanding
of HIV mucosal invasion process, viral pathogenesis and the development of topical strategies to
prevent primary infection of HIV-1.
Different mechanisms have been proposed for DMHT. The direct contact of DC-T cell to form
the Virological Synapses is required for efficient viral transfer. HIV showed distinct intracellular
trafficking in LPS-stimulated mature versus in immature DC, which could mature DC enhanced
viral transfer. DCs transmit HIV to HIV-specific CD4+ T cells more efficiently than to non-HIV-
specific CD4+ T cells. HIV appears to be internalized HLA-DR-positive compartments in imma-
ture DC. MHC-II positive Raji B cells and DCs mediate efficient HIV transmission, although
MHC-II expression is not functionally associated with DC-SIGN-mediated HIV transmission in
transfected cell lines. DCs can rapidly process HIV antigen presentation through MHC-II-re-
stricted pathway. Together these results suggest that MHC-II-restricted HIV antigen presentation
may associate with viral transmission in DCs. In the current project, the details of viral intracellular
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trafficking, and the molecules formations of Virological Synapses, especially the role MHC-II on
DMHT, will be further investigated

2. The interactions of HIV with host cells, and viral dissemination
Mast cells and basophils are histamine-containing, metachromatic granulocytes, the best known
for their role is in allergy and anaphylaxis. Mast cells recruit and interact with both T cells and
dendritic cells in tissue sites of mast activation, thus, in vivo, mature mast cells are positioned in a
variety of tissue spaces near blood vessels and in mucosal sites, where they are exposed to envi-
ronmental stimuli and function at the interface between innate and adaptive immunity. Progenitor
mast cell/basophil in the circulation of patients with AIDS has been described to be susceptive to
the R5 tropism HIV strain infection. Furthermore, human tissue mast cells are an inducible reser-
voir of persistent HIV infection in AIDS and contribute to viral immune evasion. While mast cells
and basophils, though amongst the important cells, are least studied cells during the anti-HIV
immunity. The understanding of the interactions of granulocytes with HIV could facilitate the
elucidation of HIV mucosal invasion and of viral pathogenesis.
Here we describe a novel role of mast cells and basophils during the interactions with HIV, there
is an unknown, probably novel, attachment factor expressing on both of the mast cells line (HMC-
1) and basophils line (KU812); The attachment factor is not DC-SIGN or Mannose receptors;
These attached virions could be further transferred to the contacted CD4+ T cell for robust replication.

Collaboration

1. Jiangsu University
2. The Chinese University of Hong Kong;
3. Jiangsu Provincial Center for Disease Prevention and Control
4. Jiangsu Province Hospital

Publication

Wang JH, Wells C, and Wu L. Intercellular Adhesion Molecule (ICAM)-1, But 1 Not ICAM-2 and
-3, Is Important for Dendritic Cell-mediated HIV-1 Transmission. J. Virol. 2009, 83(9):4195-204
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Unit of Vaccinology & Antiviral Strategies

Principal investigator

Zhong HUANG
Ph.D. from China Agricultural University (1997)
Postdoctoral Fellow (1998-2002) at Boyce Thompson Institute at Cornell University, USA
Faculty Research Associate (2002-2005) and Assistant Research Professor (2005-2008) at Cen-
ter for Infectious Diseases and Vaccinology, Arizona State University, USA

Team members

Research assistants: Yicun Cai, Chuan Huang, Bo Wang, Xulin Huang, Jinping Shi
Ph.D. student: Qingwei Liu
M.S. students: Yanfang Feng, Ping Wang
Interns: Dapeng Li, Zhiqiang Ku

Objective

The main interest of the Unit is to develop novel vaccines and immunization strategies for impor-
tant viral diseases.

Research progress

1. Development of virus-like particle based vaccines for the hand-foot-and-mouth disease
The hand-foot-and-mouth disease (HFMD) has been one of the major health problems in China
over the last two years, causing significant mobility and mortality in children. Enterovirus 71 (EV71)
and Coxsackie virus A16 (CVA16) are the two major causative agents for HFMD. Currently, no
vaccine is available yet to prevent HFMD. We aim to develop a safe and effective virus-like
particle (VLP) based vaccine against both EV71 and CVA16. We have obtained EV71 and CVA16
isolates from our collaborators and successfully propagated them in RD cells. We have cloned the
full length cDNA for both EV71 and CVA16, constructed vectors for expressing P1 and 3CD in
insect cells as well as in plant leaves, performed transient transfection/expression, and evaluated
VLP assembly. Co-expression of P1 and 3CD resulted in correct processing of P1 into VP1, VP3
and VP0. The presence of VLPs was demonstrated by sucrose gradient and EM analyses. Our
future efforts will focus on evaluating the ability of VLPs to induce a protective immune response
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against HFMD, by in vitro neutralization assay and by in vivo challenge study with a panel of EV71
and CVA16 isolates.

Fig1. The assembly of CVA16 VLPs was verified by (A) su-
crose gradient, (B) Western blot, and (C) electron microscopy
analyses

2. A DNA replicon system for rapid high-level production of VLP antigens and mono-
clonal antibodies
Dr. Zhong Huang and his colleagues at Arizona State University have developed a DNA replicon
system capable of producing vaccine antigens at high levels (up to 1 mg/g leaf fresh weight).
Recently, we further developed this expression system for its application in high-yield production
of heterologous, oligomeric protein complexes including multi-component VLPs and monoclonal
antibodies (mAbs) in plants. Full-size tetrameric IgG complex containing two heavy and two light
chains was efficiently produced at 0.5 mg of mAb per gram leaf fresh weight within 4 days by the
optimized single-vector DNA replicon system. Our results demonstrate that the replicon-based
plant expression system is capable of rapidly providing milligram level of antigens and mAbs for
preclinical and clinical trials, and is thus an excellent platform for high-level production, antigenic,
immunogenic and functional analyses of vaccine antigens and mAbs.

Collaborators

1. Paul Zhou, Jianhua Wang, Bing Sun, Qibin Leng, Yan Zhang at IPS-CAS
2. Wei Liu (Guangxi CDC, China)
3. Brenda Hogue (Arizona State University, USA)
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Funding

1. National Institutes of Health (NIH)
2. The Eleven Fifth Year National Science and Technology Key Program Grant on infectious
diseases

Publications

Huang Z, Chen Q, Hjelm B, Arntzen CJ and Mason HS. (2009) A DNA replicon system for rapid
high-level production of virus-like particles in plants. Biotechnology & Bioengineering. 103:
706-14

Huang Z, Phoolcharoen W, Lai H, Piensook K, Cardineau G, Zeitlin L, Whaley KJ, Arntzen CJ,
Mason HS and Chen Q. (2009) High-level rapid production of full-size monoclonal antibodies in
plants by a single-vector DNA replicon system. Biotechnology & Bioengineering. (In press)
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Unit of Hematopoietic Stem Cell and
Transgenic Animal Model

Principal investigator

Yan ZHANG
Ph.D. from Institute of Biochemistry and Cell biology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences (2001);
Postdoctoral Fellow at Department of Microbiology and Immunology, University of California,
San Francisco(2002-2008)

Team members

Secretary: Xiao-li YANG
Research Assistants: Xiu-jie YUAN, Zhi-long WANG, Yi-yi JIANG, Xiao-dan DING
Transgenic Core Facility: Xiao-gang ZHOU (Microinjection),  Hui ZHANG (ES Cell Culture).
M.S. Student: Xiu-feng ZHANG (Shandong Normal University)
Intern Students:Gang WANG (Ningbo University), Caiwei JIN (SUN YAT-SEN University)

Research objectives

1. Generation of "Humanized" Mouse Models for HCV and EV71 Infection
Infectious viral diseases are serious threats to public health. For instance, Hepatitis C virus (HCV)
infection could cause human hepatitis, cirrhosis and hepatocarcinoma, human Enterovirus 71(EV71)
infection could lead to hand-foot-mouth (HFM) disease in young children. Although mouse models
are important tools for studies of viral pathogenesis, preclinical evaluation of vaccine and antiviral
drugs, mouse cells are non-permissive to a variety of human infectious viruses, such as HCV and
EV71 viruses, which hampered efforts to establish satisfactory mouse models of human infectious
viral infection. Therefore, generating "humanized" mouse models that can simultaneously support
infection of human virus and develop "human" immune response to the virus will allow the precise
characterization of viral pathogenesis, vaccine development and antiviral drug discovery.
To this end, we will begin to generate "humanized" mouse models of HCV (Collaborate with Prof.
Jin ZHONG) and EV71 (Collaborate with Prof. Qi-bin LENG) viral infection, by genetically re-
placing mouse endogenous genes with human homologue genes. Thus, mouse cells are capable of
expressing the human membrane receptors (CD81, Occludin, SR-BII and PSGL-1) and intracel-
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lular components, which may support infection and replication of human virus. We will examine
viral infection, replication and characterize pathogenesis of viral infection in those mouse models.
In summary, the efforts of generating "humanized" mouse models will provide new platforms for
characterization of viral pathogenesis in vivo, and facilitate the preclinical research for effective
prevention and treatment of these infectious diseases.

2. Epigenetic Regulation of Hematopoietic Stem Cell Self-renewal
Self-renewal is a hallmark of stem cells. Accumulated evidences showed that the self-renewal of
hematopoietic stem cells (HSC) is regulated by a variety of cell intrinsic and extrinsic factors. By
generating gene-knockout mouse models, we and others have shown that Mll and Mll5, two Trithorax
group (Trx-G) genes, play critical roles in regulating HSC self-renewal. Inactivation of these genes
lead to reduced cellularity of HSC compartment, which correlates with functional impairment of
long-term repopulation potential. However, the molecular mechanism of Mll5 in regulating HSC
self-renewal is uncertain. Also, it remains unclear whether other Trx-G group members, such as
Mll2, Mll3 and Mll4, have similar roles in HSC self-renewal regulation, and whether those Trx-G
genes employ a common pathway to control HSC function.
To address these questions, we begin to employ a variety of genetic and biochemical approaches
to reveal the molecular mechanism of Mll5 in regulating HSC self-renewal. In addition, we sought
to generate gene-knockout mouse models of other Trx-G genes, and perform HSC functional
analysis on those mouse models. Moreover, we will also determine the downstream targets genes
of those Trx-G group members by global gene expression assays. Finally, we will try to investigate
the relationships between Trx-G members and other previously identified HSC self-renewal
regulators. Answers to these questions would have fundamental implications for understanding the
regulation of HSC self-renewal, and create targeted approaches to manipulate stem cell self-
renewal for therapeutic purposes.

Highlights of research progress & achievements

1. Generation of "transgenic"vectors for human CD81, Occludin, SR-BII and PSGL-1 genes
We have finished the human CD81, Occludin, SR-BII and PSGL-1 transgenic vector, and will
perform pronuclear microinjection after the animal room and microinjection lab put into service.
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2. Epigenetic Regulation of Hematopoietic Stem Cell Self-renewal

3. Construction of Transgenic Core Facility in IPS
Transgenic and gene knockout mouse models are invaluable tools for both virologists and
immunologists. Thanks for the strong financial and technical supports form directors and col-
leagues in IPS, all the equipments required for Transgenic Core Facility had been ordered. Right
now, a number of equipment arrived, whereas the most important equipment-microscope and
manipulators-haven't arrived yet due to the delayed payment by the foreign trade company.
We have already thawed and expanded several types of mouse ES cells. Meanwhile, we tested a
number of types of FBS serum and purchased a bunch of ES cell qualified FBS in stock. Moreover,
we produced a bunch of LIF medium form a LIF- producing cell line which can be used for ES
culture. Now the facility is ready for ES cell transfection services.

We are setting up a series
of biochemical and genetic
approaches to search for
the possible interacting pro-
teins with Mll5

We are setting up an assay
to ver ify the potent ia l
HMTase activity of recom-
binant Mll5 protein

We are setting up a CHIP as-
say to test the possible binding
activity of recombinant Mll5
protein to the promoter regions
of HoxB2 and HoxB5

We are setting up an in vivo as-
say to analyze the possible roles
of HoxB2 and HoxB5 genes in
the self-renewal regulation of
HSC

We have finished the construc-
tion of Mll3 targeting vector, and
will transfect into ES cells soon
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The most time-consuming part of the transgenic core facility construction is the animal room
(around 600 mouse cages) and microinjection laboratory in Si'an campus. The whole construction
work will be done end of Oct. Compare to other institutes in SIBS, such as SIBCB (20000 mouse
cages) and INS (3000 mouse cages), IPS is still short of animal room.

Perspectives

1. Generation of "transgenic"vectors for human CD81, Occludin, SR-BII and PSGL-1 genes.
Generating "humanized" mouse models that can simultaneously support HCV or EV71 infection
and develop "human" immune response to the virus will allow the precise characterization of viral
pathogenesis, vaccine development and antiviral drug discovery.
2. Epigenetic Regulation of Hematopoietic Stem Cell Self-renewal.
Answers to these questions would have fundamental implications for understanding the regulation
of HSC self-renewal, and create targeted approaches to manipulate stem cell self-renewal for
therapeutic purposes.
3. Construction of Transgenic Core Facility in IPS.
Provide quick and reliable transgenic and gene-targeted services for all PIs in IPS.

Funding

Knowledge Innovation Foundation (2009-2012)
Shanghai Pasteur Health Research Foundation (2010-2012)
SIBS Young Scientist Foundation (2009-2011)
National Natural Science Foundation (30971672, 2011-2013)
MOST 973 Project (Adult Stem Cell, 2011-2015)
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Nigel Killeen, Ph.D. Department of Microbiology and Immunology, University of California, San
Francisco.
Kevin Shannon, M.D. Departments of Pediatrics, University of California, San Francisco.
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Wong J, Zhang Y, Lieuw K, Tran M, Forgo E, Weinfurtner K, Alzamora P, Kogan S, Akagi K,
Wolff L, Le Beau M, Killeen N, Shannon KM. Use of Chromosome Engineering to Model a
Segmental Deletion of Chromosome Band 7q22 Found in Myeloid Malignancies. Blood. (In
submission)
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Unit of Dendritic Cell Biology and Viral Sensor

Principal investigator

Yongjun Liu (Visiting Professor)
Vivian L. Smith Distinguished Chair and Professor in Immunology
Chairman, Department of Immunology
Director, Center for Cancer Immunology Research,
University of Texas M. D. Anderson Cancer Center
Ph.D. and Postdoctoral fellow in Immunology, University of Birmingham, School of Medicine, UK
(1985-1991)
Senior and Principal Scientist in Laboratory for Immunological Research, Schering-Plough, France,
1991-1997
Senior and Principal Staff Scientist in DNAX Research Institute of Molecular and Cellular Biology,
CA, USA, 1997-2002

Research assistant

Bing Huang

Research direction

Plasmacytoid dendritic cells (pDC), with secretion of I-IFN, play an essential role in anti-viral
innate immunity. Previous studies showed that number of pDCs and its function are suppressive
during HCV infection, however the molecular mechanisms by which pDCs sense and respond to
HCV infection has not been further investigated. Our group will identify viral sensing molecular
system related to HCV in pDC and hepatocytes, explore the interaction between HCV proteins
and the recognized molecules during viral infection, and figure out related molecules in host cell.
Further investigation the recognition process lead us to understand how HCV escape from the
supervising of human immune system (including innate and adaptive immune response, cellular
and humoral immune response) and induce to chronic infection.

Progress

The group prepared to establish in April 2009 and built in September formally. We have screened
the expression of 59 helicase genes in hepatocytes, and find 56 of them are positive. Recently we
proceed to screen 8 helicase genes by siRNA knock-down. With hepatitis C virus infection we can
check the impact of the loss-function of these helicase genes on the hepatitis C virus replication
and translation. On the other hand, with Sendai virus infection/poly(I:C) input, we can check the
level of IFN β to find whether there is another pathway overlapping the TLR and RLR pathway.
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Unit of Viral Immunology and Vaccines

Principal investigator

Rongfu Wang (Visiting Professor)
Tenured Professor in Department of Immunology, Baylor College of Medicine, Houston, TX
The Jack L. Titus Distinguished Professor in Pathology

Ph. D. candidate in Molecular Genetics at University of Georgia, Athens, GA. (1987-1992)
Postdoctoral fellow in Microbiology and Immunology at Stanford University Medical School, Palo
Alto, CA., 1992-1993
Research fellow and senior investigator at National Cancer Institute, Bethesda, MD. (1994-2000)

Research assistant

Xuan Zhou

Research direction

T cells immune response plays a decisive role in HCV viral infection, while the function of antibodies
is relative unobvious. So it is of great significance to investigate T cell responses against HCV. After
viral infection, some people can clear HCV virus spontaneously and others fail to clear virus through
their own immune system. Our group will focus on the viral specific T cells immune response be-
tween the two groups of individuals and identify functional T cells with specific epitopes and related
epitopes peptides to develop novel CD4+ and CD8+ T cell vaccines for cleaning HCV virus.

Progress

The group prepared to build in April 2009 and was set up in September. Currently, we mainly
concentrated in clinical samples collection. Screen the crowd without treatment and gather blood
samples from two groups of individuals with spontaneous clearance of HCV virus (HCV Ab+
RNA-) and with failure to clear virus (HCV Ab+ RNA+). We have identified 438 cases required,
including 55 patients with HCV RNA negative and 383 patients with HCV RNA positive. We are
collecting the blood samples of the two groups for future studies of gene expression profiles,
cytokine analysis, and viral antigen specific immune response.






