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EDITORIAL

EDITORIAL
By the end of 2015, IPS-CAS was strong of over 96 research staff in 24 teams. Early 2016, a new
administration team led by Hong Tang, Director-General and Fernando Arenzana, Scientific coDirector joined IPS.
Scientific output of IPS-CAS continues to show a sustained, ascendant line of publications
regarding both the quality and impact of papers in peer-reviewed international journals. Notably,
some of our novel reported findings lead not only to excellent publications but also to patents with a
great potential to develop to practical outcomes and benefit for infectious disease treatment or their
prevention. An indicator of this progress is the increasing interest of domestic and global biotech
companies to establish partnerships with IPS-CAS, either to assess their manufactured products or
conduct the crucial basic research that supports the identification and characterization of disease
markers or the development of new drugs and vaccines. A paradigm of this activity at the IPSCAS is the final characterisation of a new drug candidate for the treatment of the paediatric Hand
Food and Mouth Disease (HFMD). In January 2015, the institute signed a patent transfer agreement
with Honz Pharmaceutical to continue clinical trials and research of this drug candidate. Moreover,
other molecules targeting major pathogens, among which malaria, are now ready to enter the
pipeline of pre-clinical studies.IPS was also commissioned by Nanjing Galaxy Biopharmaceutical
Company to develop the candidates of HCV therapeutic antibody and HCV vaccine. Finally, Based
on the excellent research capability of Virus like particles (VLP) vaccine at IPS, Zhifei Biological
Company, one of the leading vaccine companies in China, and IPS decided to co-develop a
Noroviruses vaccine in April 2015.
IPS is a member of the International Network of Pasteur Institutes (IPIN) and shares with the
other 33 centres of IPIN a triple mission devoted to basic and translational research on infectious
diseases, support and implementation of public health policies and training/teaching of scientists
and students. In this frame, a coalition between several Institut Pasteur in Asian zone and Institut
Pasteur Paris (IPP), coordinated by IPS-CAS, has been granted by the TOTAL foundation to collect
much-needed epidemiologic data in the hope of defining strategies for prevention, diagnosis and
treatment of severe forms of HFMD. At the awe of a new phase of IPS international collaborations,
the basis for new and tighter links with other IPIN centres has been settled and new projects
conducted with IPIN centres in Africa and Asia are in preparation.
Overall, our initiatives towards an extended and intensified international projection converge to
comply with the both, the goals of the Pasteur Institutes aimed at promoting multi-centre international collaborations and these of China’s “One Belt, One Road” program.
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We are confident that in 2016 the on-going IPS scientific strategies and projects will successfully
develop and the objectives fixed by the new direction team will be reached.

Hong TANG,
IPS-CAS Director General

Fernando ARENZANA,
IPS-CAS Scientific Co-Director
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ORGANIZATION AND KEY FACTS

ORGANIZATION AND KEY FACTS
Board of Directors (as of December 2015)
CAS :
Zhang Yaping (BoD chairman, VP of CAS),
		Tan Tieniu (BoD member, VP of CAS),
		Li Lin (BoD member, President of the Shanghai
Institute for Biological Sciences)
STCSM :
Xu Zuxin (BoD vice chairman, Vice Chairman of
Shanghai Technology and Science Commission of
Shanghai Municipality (STCSM)),
		Hu Mu (BoD member, director for international
cooperation of STCSM)
Institut Pasteur : Christian Bréchot (BoD Vice Chairman, Director
General of Institut Pasteur),
		Christophe Mauriet (BoD member, deputy
director of IP)
		
Independent:
Michèle Bellon (BoD member, President of
French electricity distribution network)
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Management Organization Chart

Scientific Advisory Board
The latest PIs’ evaluation was held on December 18, 2015 under the supervision of Professor Zhao
Guoping from the SIBS, CAS.  

Staff and Students
Personnel:
136 employees (of which 3 French, 1 Spanish, 3 American, 1 Singaporean)
Postdoctoral fellows: 10 (of which 1 French, and 1 Indian)
UCAS students:
54 Master students, including 1 international student
79 Ph.D. students, including 5 international students (4 French students),
and 72 joint-training students
TOTAL staff:
279
As of November 2015, IPS has 24 research units, 26 Professors of which 5 foreign professors
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2014-2015 FINANCE

2014-2015 FINANCE
CNY million

2013

2014

2015

Founders

44

36

32

Research Competitive Grants

37

35

43

Industry & private donations & others

2

3

30

Total Income

83

74

105

Staff expenses

32

33

46

Operating expenses

29

32

41

Equipment & New Building

9

20

8

Total Expenditure

70

85

95

Income

Expenditure

2015 budget
● Income
1. CAS allocation is a recurring funding to IPS; IPP contribution to IPS budget consists of (1)
the salaries of 3 staff paid by the French Government (1 scientific co-Director, 1 Principal
investigator, 1 admin person) as well as (2) research grants (bench fees, fellowships) for an
average of 3-4 million CNY per year. The TOTAL foundation grant obtained in 2015 will bring
additional funding and expertise to IPS in 2016.
2. Income generated by industry collaborations amounted to 29 million CNY in 2015 (30% of total
revenues): licensing deal with Honz Pharma (18 million CNY), technical services with Zhefei (5
million CNY) and Yanhe Nanjing (4.6  million CNY).
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● Expenditure
1. Operating and staff expenses increase is consistent with a vibrant scientific activity in 2015.
2. Additional costs for the “Yueyang road Life Sciences building” (new building) will be
distributed to tenants. IPS share will be paid over 2015-2016.

● Financial objective in 2016: increase revenue, decrease spending
1. Industry-based and private foundation revenues are key for IPS development and sustainability
2. Strict measures for units with a deficit to be implemented
3. Recruitment only based on 3rd party funded talent program e.g. Government 1000- program

IPS 2015 Annual Report
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HIGHLIGHTS

2014-2015 HIGHLIGHTS AND PERSPECTIVE
IPS 10th anniversary & China France 50th
anniversary of diplomatic relations
IPS-CAS was proud to commemorate the 50th
Anniversary of China and France diplomatic relations and its own 10th anniversary during a daylong scientific symposium on October 17, 2014.
Our institute was honored to welcome Nobel Prize
in Physiology or Medicine 2008, Professor François Barré-Sinoussias well as many other renowned
scientists to discuss the status of infectious diseases research in a globalized world. This event was
co-funded by Sanofi, the 50th China France committee and the French Embassy in China.

IPS first technology transfer
IPS-CAS developed a potential new drug candidate which may bring hope to more than 2.5 million children diagnosed with hand, foot and mouth
disease (HFMD) in China each year. IPS signed a
patent transfer agreement for 18 million CNY with
Hainan-based Honz Pharmaceutical to continue
clinical testing and research in January 2015. In
2014, about 2.5 million children in China were diagnosed with HFMD, and 20,000 of them became
severely ill. Other Asian countries, including Singapore, Malaysia and Cambodia, have also been
affected by HFMD.

International recruitment in 2014 & 2015
Dimitri Lavillette (unit name: Arbovirus interspecies transmission & therapeutics research): PI
(France, CNRS), started in November 2014, salary paid by the French Ministry of Foreign Affairs,
obtained the Shanghai 1000 Talent program in November 2015, CAS 100 Talent in November 2015
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Wang Haikun (unit name: The regulation of Immune cell differentiation): PI, contract signed in
November 2014, obtained 1000 young talent in 2015
Brigitte Gicquel (unit name: Emerging Bacterial Pathogens): PI (France, Institut Pasteur), contract
signed in May 2014, unit co-funded by Gabonese Republic, IPP and IPS.

Main talent programs obtained 2014 & 2015
Category

Program

Name

Date

Funding (CNY)

Shanghai Municipality

Shanghai Leading Talent

Lan Ke

2015

250,000 CNY

SAFEA

High End Foreign Expert
Recruitment Program

Brigitte Gicquel

2014

60% of salary paid over
3 years

CAS

1000 Young Talent
Program

Wang Haikun

2015

3 million CNY+ housing
allowance

Shanghai Municipality

Shanghai 1000 Talent

Dimitri Lavillette

2015

750,000 CNY over 3
years

CAS

CAS 100 Talent program

Dimitri Lavillette

2015

2.6 million CNY over 3
years

NSFC

NSFC Distinguished Young
Talent

Lan Ke
Li Bin

2014/2015

4 million CNY over 5
years

MOST

Young and middle-aged
leading scientists, engineers
and innovators

Lan Ke

2015

No funding

CAS

Cross-disciplinary
Collaborative Teams
Program

Zhang Xiaoming

2014

1 million CNY over 3
years

CAS

Youth Innovation
Promotion Association

Xuan Baoqin
Liu Qingwei

2014/2016

400,000 CNY over 4
years

CAS

CAS International panelist

Li Xiaoxia

2014

100,000 CNY over 3
years

IPS 2015 Annual Report

11

HIGHLIGHTS

China-France research 2014-2015collaborations

Principal
Investigator

Brigitte
GICQUEL

Unit Name at IPS

Emerging Bacterial
Pathogens Research Unit

Project theme

Tripatrite research collaboration
agreement between IPS, IPP and
Gabonese Republic on novel
Gabonese Republic
molecules in the fight against TB
IPP funding
signed in August 2014
SAFEA
Robotic platform for high through put
screening

Arbovirus Interspecies
Dimitri
Transmission and
Dengue, Chikungunya
LAVILLETTE
Therapeutics Research Unit

Guangxun
MENG

Paul ZHOU

Gang ZOU

12

Funding

French Ministry of
Foreign Affairs
CAS 100 Talent
Shanghai 1000 Talent
UCAS & IPP

Innate Immunity
Research Unit

Collaborative project (international
mixed unit) with Gerald SPAETH
(Institut Pasteur): Investigating the
IPP
reciprocal relationship between
CAS
macrophage inflammasome activity
and intracellular Leishmania infection

Antiviral Immunity and
Genetic Therapy

Collaborative project with Serge
BENICHOU (CNRS, INSERM) on
Analyzing Virus – Host interactions
for therapeutic targeting of human
infection
“VIRHOST”

IPP
CAS/UCAS

Anti-infective unit

Identification and characterization of
novel Ebola virus interventions by
screening of small molecule
compound libraries”

IPP, IPK,
IPS (taskforce)

Institut Pasteur of Shanghai, Chinese Academy of Sciences

Which perspective for IPS?
IPS international visibility has developed since a couple of years notably because of:
○ A successful urgent intervention of our institute’s team in July 2012 in Cambodia during
the emergence of the hand foot and mouth disease, which was marked by a thank you letter from
Former Minister of Health, Professor Chen ZHU.
○ Multiples amplified efforts from IP Paris to invite researchers from IPS to the various events
launched by the Network (ex: Ebola taskforce, Foundation TOTAL project involving IP
Cambodia, IP Vietnam, IP Paris, IP Shanghai, CDC and Fudan University).
○ A recruitment of international experts such as Professor Gicquel, Lavillette, and Benichou,
who obtained various grants from the Chinese government for their work.
For its new 5-year “one belt one road” plan, IPS could position itself in an exceptional approach of
the Sino-French answer for emerging infectious diseases corresponding to its expertise, in fact:
○ For France, it is important to promote Sino-French projects in the field of health (Biosafety
Level 4 (BSL4), IPS, etc.) in the ASEAN or in Africa. The presence of the IPIN centres in these
regions is a considerable asset to promote. IPS could perform as an urgent intervention cell with
suitable tools not available commercially to respond to sanitary crisis, especially concerning
developing countries together with the Wuhan BSL4 (cf. intervention of IPS in Cambodia in
2012 for the Hand Foot and Mouth Disease crisis, and the “emergency biological response
cell” of IP Paris, and future epidemics such as SARS etc.). It is important to note that IPS
already works on pathogens that will be studied in BSL4 in the future, like wild viruses that can
only be accessible in the P4, and is also validating various work projects.
○ For China, the objectives placed by the government, and thus by the CAS, are to accelerate the
technological transfers, valorize the research and deploy an international expansion (one belt one
road strategy). In this context, we could imagine that an expertise laboratory at IPS identifying a
new sub species of pathogens could result in the discovery of the specificity of these pathogens
and of the set-up of molecular probes for the diagnostic, in collaboration with local industries.
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RESEARCH
IPS is engaged in science that translates to a better clinical practice:
1.  Investigate diseases for better diagnostics, therapies and vaccines
2.  Capacity and capability building to make best practices available
3.  Education and training to prevent disease transmission

Strategy 1-3-5
In order to meet important needs of China for the prevention and control of infectious diseases, and
rapidly move the institute to international level, IPS has formulated the I-III-V strategy plan that
includes One orientation, Three breakthroughs, and Five priorities based on its own strengths
and unique characteristics:
		

1 Orientation

1.  Study on mechanism, immune response and treatment strategy on major infectious diseases
		

3 Breakthroughs Areas

1.  Pathogenesis of HCV and other important pathogens
2.  Novel vaccine and drug development for HFMD, influenza and other diseases
3.  Rapid diagnosis technology for new emerging pathogen such as respiratory pathogen
		

5 Long term Priorities

1.  Novel mechanisms in major infectious diseases pathogen infection and immune response
2.  Novel vaccine candidates and platform development
3.  Novel therapeutic molecules including Abs, anti-infective and immune modulatory drugs
4.  Animal model and clinical studies for major infectious disease
5.  Novel infectious disease pathogen diagnosis technologies
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Publications list
A total of 177 papers have been published since 2014, of which 88 papers with IPS as first or corresponding author unit. These highly visible publications include1 in Nature immunology, 1 in Science Translation Medicine, 1 in Nature Communication, 3 in Journal of Hepatology, 3 in PNAS, 2
in PLoS Pathogen, 1 in Cell reports, 1 in Cancer Research, 1 in Journal of Infectious Diseases, 19
in Journal of Virology and 2 in Journal of Immunology.
Selected publication of IPS in 2014-2015 (PIs of IPS are in bold)
1. Wang, H… Meng, G. (2015). “Reciprocal Regulation between Enterovirus 71 and the NLRP3
Inflammasome.” Cell Rep 12(1): 42-48.
2. Li, D… … Li, B (2015). “MiR-125a-5p Decreases the Sensitivity of Treg cells Toward IL-6Mediated Conversion by Inhibiting IL-6R and STAT3 Expression.” Sci Rep 5: 14615.
3. Gao, Y… … Li, B (2015). “Inflammation negatively regulates FOXP3 and regulatory T-cell
function via DBC1.” Proc Natl Acad Sci U S A 112(25): E3246-3254.
4. Fu, X., Lan, K, Zhang, C. (2015). “Complete Genome Sequence of Human Respiratory
Syncytial Virus from Shanghai, China.” Genome Announc 3(5).
5. Deng, Z… …Xiao, H. (2015). “Tyrosine phosphatase SHP-2 mediates C-type lectin receptorinduced activation of the kinase Syk and anti-fungal TH17 responses.” Nat Immunol 16(6): 642652.
6. Chen, M… … Meng, G. (2015). “Internalized Cryptococcus neoformans Activates the
Canonical Caspase-1 and the Noncanonical Caspase-8 Inflammasomes.” J Immunol 195(10):
4962-4972.
7. Cao, X… … Zhong, J. (2015). “MDA5 plays a critical role in interferon response during
hepatitis C virus infection.” J Hepatol 62(4): 771-778.
8. Zhu, K … …Leng, Q. (2015) TLR3 signaling in macrophages is indispensable for the protective
immunity of invariant natural killer T cells against enterovirus 71 infection. PLoS Pathog. 2015
Jan 23;11(1)
9. Liang, D… … Lan K. (2015) Oncogenic herpesvirus KSHV Hijacks BMP-Smad1-Id signaling
to promote tumorigenesis. PLoS Pathog. 2014 Jul 10;10(7)
10. Zhang X… … Lo-Man R. CD4 T cells with effector memory phenotype and function develop
in the sterile environment of the fetus. Sci Transl Med. 2014 May 28;6(238):238ra72
11. Kong Y… … Hao P, Li X. The evolutionary landscape of intergenic trans-splicing events in insects. Nat Commun. 2015 Nov 2;6:8734.
12. Yang J… …Li B. (2015) Cutting edge: Ubiquitin-specific protease 4 promotes Th17 cell function under inflammation by deubiquitinating and stabilizing RORgammat. Journal of immunology 194, 4094-4097
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IPS co-published 10 papers with French partners (PIs of IPS are in bold):
1. Riviere, L… … Deng, Q. et al. (2015). “HBx relieves chromatin-mediated transcriptional
repression of hepatitis B viral cccDNA involving SETDB1 histone methyltransferase.” J Hepatol
63(5): 1093-1102.
2. Fusil, F… … Lavillette, D., et al. (2015). “A Lentiviral Vector Allowing Physiologically
Regulated Membrane-anchored and Secreted Antibody Expression Depending on B-cell
Maturation Status.” Mol Ther.
3. Alame-Emane, A. K., … … Gicquel, B. (2015). “Pyrazinamide resistance in Mycobacterium
tuberculosis arises after rifampicin and fluoroquinolone resistance.” Int J Tuberc Lung Dis
19(6): 679-684.
4. Zhang, X., et al. (2014). “CD4 T cells with effector memory phenotype and function develop in
the sterile environment of the fetus.” Sci Transl Med 6(238): 238ra272.
5. Zhang, X., et al. (2014). “Plasmacytoid dendritic cells engagement by influenza vaccine as a
surrogate strategy for driving T-helper type 1 responses in human neonatal settings.” J Infect Dis
210(3): 424-434.
6. Zhang, Q… … Jiang, L., et al. (2014). “Exonuclease-mediated degradation of nascent RNA
silences genes linked to severe malaria.” Nature 513(7518): 431-435.
7. Sawoo, O… … Zhou, P. et al. (2014). “Cleavage of hemagglutinin-bearing lentiviral
pseudotypes and their use in the study of influenza virus persistence.” PLoS One 9(8): e106192.
8. Ren, P… … Altmeyer, R. (2014). “The approved pediatric drug suramin identified as a clinical
candidate for the treatment of EV71 infection-suramin inhibits EV71 infection in vitro and in
vivo.” Emerg Microbes Infect 3(9): e62.
9. Lu, L… …Li, B., et al. (2014). “Critical role of all-trans retinoic acid in stabilizing human
natural regulatory T cells under inflammatory conditions.” Proc Natl Acad Sci U S A 111(33):
E3432-3440.
10. Zhang, Y… … Gicquel, B. et al. (2012). “‘Z(S)-MDR-TB’ versus ‘Z(R)-MDR-TB’: improving
treatment of MDR-TB by identifying pyrazinamide susceptibility.” Emerg Microbes Infect 1(7):
e5.

Key recent scientific outcomes
● SHP-2 regulates C-type lectin receptor-induced activation of the kinase Syk and anti-fungal
TH17 responses(Nature Immunology , 2015)
● Identify a key molecular pathway for the inactivation of Treg cells after sensing
inflammation(PNAS , 2015)
● Discovery of a novel mechanism of KSHV mediated tumorigenesis(PLOS Pathogens, 2014)
● Integrated pathogens sequences database with enhanced capability to match or identify
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●
●
●
●
●
●
●
●

pathogens
Improved algorithms for pathogen polymorphism analysis
IPS helped to identify an avian-origin influenza A (H7N9) (New England Journal of Medicine,
2013)
IPS helped to detect the drug-resistant strain from H7N9 infected patients (Lancet, 2013)
Provided round-the-clock technical support for the prevention and control of the emerging and
imported infectious diseases during 2010 Shanghai World Expo.
Provided round-the-clock technical support for the 2014 Summit of the Conference on
Interaction and Confidence Building Measures in Asia (CICA).
A patent on a drug candidate to treat Hand, foot and mouth disease was assigned to Honz
Pharma company in 2015
IPS team was commissioned by Nanjing Galaxy Biopharmaceutical Company to develop the
candidates of HCV therapeutic antibody and HCV vaccine
IPS and Zhifei Biological Company co-develop the vaccine of NoVs

Patent applications
In 2015, IPS filed 19 patents, including 2 PCT applications, and 6 patents were authorized   in
China.

IPS 2015 Annual Report
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Grant list
Research Competitive Grants accounted for 40 million CNY e.g. 40% of IPS revenues in 2015,
main grants are listed below:

Project

Budget
(CNY million)

Period

TOTAL Foundation

Development of public health tools for prevention
and treatment of severe HFMD in children

9.1

2015-2018

National Mega Project
Merit Award for Control
of Infectious Diseases

Prediction and prognosis of difficult-to-treat
hepatitis C

7.89

2012-2015

National 973 Program
Grant

China primarily prevalent strain of HCV virologica
l characteristics and antiviral treatment study

6.85

2015-2019

5.5

2012-2016

3

2011-2015

Source

CAS/SAFEA
International Partnership
Immuno-biology in HCV vaccine development
Program Grant for
Creative Research Teams

18

National 973 Program
Grant, MOST

Study on KSHV latency control

NSFC key project

Molecular mechanism underlying inflammatory
cytokines-mediated regulation of the differentiation
and function of FOXP3+ Treg cells

2.9

2014-2018

NSFC key project

Molecular mechanisms for hepatitis C virus
inducing and evading host interferon signaling
pathway

2.9

2014-2018

NSFC key project

Mechanism of KSHV latency control

2.8

2013-2017

NSFC-NIH

Molecular mechanisms of transcriptional regulation
of Plasmodium falciparum var gene family and its
application to malaria vaccine development

1.8

2014-2016

NSFC-NIH

The epigenetic modification of KSHV in Kaposi’s
sarcoma from Xinjiang

1.8

2014-2016

NSFC-NIH

Inhibition of HIV by GPI-anchored antibody
derivatives

1.8

2014-2016

CAS

Ebola grant

1.45

2014-2016

NIH

var gene regulation mechanisms in Malaria parasite
Plasmodium falciparum

3.5

2015-2020

NIH

Versatile functions of LANA in KSHV pathogenesis

3.5

2015-2020
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EDUCATION, TRAINING AND ACADEMIC
EXCHANGES
Graduated students
In 2014-2015:
-14 Master students graduated from the institute
-33 Ph.D. students graduated from the institute

International collaboration and joint training program
In November 2014, University of CAS (UCAS) and University of Lyon signed an international
dual-degree Ph.D. program exchange framework agreement. As of today 2 students are enrolled
in this program co-funded by UCAS, IPP and the hosting laboratory.
72 joint-training graduate students are trained in the labs.

Awards
In 2014-2015:
-Mentors/advisors have been awarded the CAS Excellent Teachers and Zhuli Yueha Prize for
Excellent Teachers awards
-1 Ph.D. student won the 2015 Ray Wu Prize
-18 graduate students won various kinds of scholarships from Chinese Government, CAS, etc.
such as CAS excellent Student Prize of President Fellowships, Zhuli Yuehua Prize for Excellent
Doctoral students etc.

Courses for graduate student and student activities
20 lecturers participated in the teaching works of the course of Basic Virology in 2015
50 students joined this course study.
17 senior graduate students presented their working progress reports at the student seminars.

Vulgarization of Science
Every year, IPS greets the Wan Nan kindergarten. It is a vulgarization of science exercise. This
falls into the social responsibility line of the institute and to establish partnerships with schools of

IPS 2015 Annual Report
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Shanghai. In March 2014, high school students of the French School of Shanghai were also invited
to visit IPS’ labs. One of their students undertook a 1-week internship at IPS in 2015.

Invited speakers and presentations
37 seminars and presentations were organized at IPS since January 1, 2015.
Date

Affiliation

Topic

University of Arizona

Subversion of host immunity by
Francisella

2015/2/11 Hualan Chen

Animal Influenza Reference
Center of FAO

认知禽流感病毒

2015/3/9

Duke University

The Path Forward to HIV-1 Vaccine
Development: Induction of Broadly
Neutralizing Antibodies

2015/1/8

20

Lecturer
Jeffrey A. Frelinger

Huaxin Liao

2015/3/11 Philippe KOURILSKY Institut Pasteur

Chance, complexity and the future of
immunology

2015/3/13 Alexander Ploss

Princeton University

Defining hepatitis C virus species tropism

2015/4/7

Kai Toellner

University of Birmingham

A role of antibody for the regulation of
germinal centre

2015/4/8

Rachel R. Caspi

NIH

From the eye to the gut and back:
Immune privilege, commensal microbiota
and autoimmunity

2015/4/9

Ralf Bartenschlager

Host cell factors and pathways promoting
German Cancer Research Cente and restricting hepatitis C virus
replication

2015/4/21 XiaoFei KONG

The Rockefeller University

The Genetic and Immunological
Study of Mendelian Susceptibility to
Mycobacterial Diseases

2015/4/27 Wolfram Brune

Heinrich Pette Institute

Molecular insights into the
cytomegalovirus species specificity

2015/5/4

Zihe Rao

Tsinghua University and Nankai Molecular mechanism of entry of handUniversity
foot-and-mouth disease (HFMD) virus

2015/5/18

Evelyne Manet,
Thierry Walzer

Lyon University

Shanghai- Lyon symposium: Pathogens
& Immunity

2015/5/27 Allan J. Zajac

Colorado State University

Modeling HIV pathogenesis, prevention
and therapies in humanized mice

2015/6/11 Taisheng Li

Peking Union Medical College
Hospital

T细胞免疫功能检测平台的建立和在感
染性疾病中的应用

2015/6/12 Zoltan Fehervari

Nature Immunology

Publishing at the top tier: an editor’s
overview

2015/6/15 Song Guo Zheng

Hershey Medical Center

Updates of Treg Cells: Differentiation
and Function in Autoimmune Diseases.
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2015/6/17

Allan J. Zajac

University of Alabama

CD8 T cell differentiation

2015/6/22 Ronald S. Veazey

Tulane National Primate
Research Center

Nonhuman primate models for the
prevention and treatment of HIV
infection and AIDS

2015/6/22 Xiaolei Wang

Tulane National Primate
Research Center

The Infant Immunity

2015/6/30 Michael Francis Good

Griffith University

A candidate vaccine to protect against all
strains of group A streptococcus

2015/7/9

Liwei Lu

University of Hong Kong

Roles of B cells in Autoimmunity

2015/7/28

Zongdi Feng

Ohio State University

Naked viruses are not always naked

2015/8/5

Martin B. Dickman

Texas A&M University

Modulation of Programmed Cell Death
for DiseaseDevelopment/Stress Tolerance
in Plants

2015/8/6

Xiaoping Chen

Guangzhou Institute of
Biomedicine and Health, CAS

Malaria, AIDS and Cancer: A Disease
Triangle

2015/8/17 LI Yan

Institut Pasteur

The development of humanized mouse
models for biomedical research

2015/10/8 Seamas C. Donnelly

Trinity College Dublin

Viruses, TLR3 & Fibrosis

2015/10/9 Patrick S Moore

University of Pittsburgh

KSHV and MCV: the stories that cancer
viruses can tell us

2015/10/13 Thomas Alan Hamilton

Case Western Reserve
University

Regulation of Macrophage Polarization

2015/10/22 Xiaoxia Li

Cleveland Clinic

Regulation of Inflammasome Activation

2015/10/28 Chuan Wu

Harvard Medical School

Musculin is required for induced Treg
cell development by suppressing Th2
program

2015/10/30 Branka HORVAT

Infectiology Research (CIRI)

Emerging contagion:
immunopathogenesis of Nipah virus
infection

2015/11/2 Fu Gao

CDC

病原微生物：禽流感与埃博拉

2015/11/2 Guangxiang Luo

University of Alabama at
Birmingham School

cellular factors important for hepatitis C
virus life cycle in vitro and in transgenic
mice

2015/11/9 Qisheng LI

NIH

Dissecting the Molecular Anatomy of
Hepatitis C Virus Infection Through
Integrative Functional Genomics and
Systems Biology Approaches

2015/11/10 Pan Zheng

Children’s National Medical
Center

Wnt signaling in naïve T cell survival

2015/11/19 Chaoyang LI

Wuhan Institute of Virology,
CAS

Epigenetics of Prion Protein contributes
to neurodegeneration and tumorigenesis

2015/11/20 John Henry Sinclair

University of Cambridge

Targeting latent infection of HCMV
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2014- 2015 INDUSTRIAL COLLABORATIONS
At IPS, 10 research teams are engaged in industry collaborations that have generated 30% of
the institute revenues in 2015.

Domestic partners
● A patent on a drug candidate to treat Hand,
foot and mouth disease was assigned to Honz
Pharma company
There are large epidemics of Hand, foot and mouth disease (HFMD) infection in China and
Southeast Asia; China accounts for 80-90% of all cases. There are over 1,600,000 infected every
year since 2010 and 10 - 27,000 severe cases every year in China. So far there is no anti-viral
therapy so far. IPS (Prof Ralf Altmeyer’s group) screened the whole pharmacopeia (US, Europe)
and found a candidate that could reduce viral load and mortality. In January 2015, the patent was
assigned to Hainan Honz, one of the leading pharmaceutical companies focused on pediatric
medicines in China, with the payment of 18 million RMB.
● IPS team was commissioned by Nanjing Galaxy Biopharmaceutical Company to develop
the candidates of HCV therapeutic antibody and HCV vaccine
More than 185 million people around the world/38 million people in China have been infected
with HCV, of whom 350,000 die each year. Low sustained virological responses but high side
effect following current treatments (interferon + ribavirin) in China; Direct-acting antiviral (DAA)
drugs are significantly effective but quite expensive and could drive resistance-associated variants of HCV. Based on the fact that IPS has excellent basic research on HCV and the unique single-cell RT-PCR technology, IPS (Prof Bing Sun’ group) was commissioned by Nanjing Galaxy
Biopharmaceutical Company to develop the candidates of HCV therapeutic antibody and HCV
vaccine in July, 2015. Company funds the project with a milestone payment of 20 million RMB
and owns the intellectual property for commercial exploration. IPS is in charge of upstream research and is expected to receive dividend.
● IPS and Zhifei Biological Company co-develop the vaccine of NoVs
Noroviruses (NoVs) are the leading cause of severe viral gastroenteritis and are responsible for
50% of all acute gastroenteritis outbreaks in the United States and Europe. In developing country including China, NoV infection is estimated to cause up to 200,000 deaths in children in 5
years. The inability to culture human NoV impacts standard vaccine approaches such as live attenuation or killed viral preparations. Virus like particles (VLP) vaccine could be a safe and effective vaccine for NoV. Based on the excellent research capability of VLP vaccine at IPS, Zhifei Biological Company, one of the leading vaccine companies in China, and IPS (Prof Zhong
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Huang’ group) decided to co-develop this vaccine in April, 2015.  Company funds this project
by a milestone payment of 20 million RMB and in charge of the downstream development of
this vaccine; IPS is in charge of upstream research and is expected to receive dividend.

International companies
During 2015, IPS has established substantial collaborations with new partners, including:
● AstraZeneca: technical service with Prof Bin Li’s research unit
● Sanofi: research collaboration with Prof Qiang Deng’s research unit and financial contribution
to IPS 10th anniversary in 2014
● Unilever: research collaboration with Prof Guangxun Meng’s research unit
● BioMerieux: technical service agreements for detection kits evaluation (Pathogen Diagnostic
Center)
● Diasorin: development of Dx tools (Pathogen Diagnostic Center and Vaccinology and Antiviral
Strategies unit, Pr. Huang Zhong)

Foundations and Donations
● TOTAL foundation: coordinated by IPS, this project will be conducted in collaboration with
the Institut Pasteur (Paris), the Institut Pasteur in Cambodia and Ho Chi Minh City. It aims to
provide a set of epidemiologic data in the hope of defining strategies for prevention, diagnosis
and treatment of severe forms of the disease hand-foot-mouth. The project will also study the
socio-economic contribution of preventive and therapeutic interventions in the young child (total
budget: 1.4 million EUR).
● 50th anniversary of FRANCE-CHINA diplomatic relations and French Embassy: financial
support to IPS 10th anniversary
● Private donation: D. Framhein, an international private donor of Institut Pasteur, has generously supported IPS since 2014 for various projects.
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Unit

Bing SUN

Molecular Virology

Paul ZHOU

Antiviral Immunity and Genetic Therapy

Ke LAN

Tumor Virology

Jin ZHONG

Viral Hepatitis

Qibin LENG

Immune Regulation

Jianhua Wang

Viral Immunology

Zhong HUANG

Vaccinology and Antiviral Strategies

Bin Li

Molecular Immunology

Yan ZHANG

Hematopoietic Stem Cell and Transgenic Animal Model

Guangxun MENG

Innate Immunity

Hui XIAO

Immune Signaling and Regulation

Dongming ZHOU

Anti-infection Immunity and Vaccine Research

Xiaoming ZHANG

Innate Defense and Immune Modulation

Xiao SU

Respiratory Infection and Histopathology

Xia JIN

Human Viral Disease Translational Research

Lubin JIANG

Human Parasite Molecular and Cell Biology

Zhikang QIAN

Herpesvirus and Molecular Virology Research

Xiaozhen LIANG

AIDS-associated lymphomas, Gammaherpes Virus and cancers arising in
immunosuppressed individuals

Gang LONG

Virus assembly and host dependency

Changbing CHEN

pathogenic fungal infection and host immunity

Weizheng CHEN

Anti-tuberculosis immunity and prevention and treatment of tuberculosis
research group

Brigitte GICQUEL

Anti-tuberculosis therapy and antibiotics resistance

Haikun WANG

Immune Cell Differentiation and Molecular Regulation

Dimitri LAVILLETTE

Arbovirus Interspecies Transmission and Therapeutics Research

Ke LAN

Pathogen Diagnostic Center

Institut Pasteur of Shanghai, Chinese Academy of Sciences

Molecular Virology Research Unit
Team members
Principal Investigator: Bing Sun
Research assistants: Li Li, Chong Chang, Zhiyang Ling
Administrative staff: Wenjing Xuan
M.S-Ph.D. students: Weiguo Fan, Xinghao Zhao, Xiaoyu Sun, Jing Xia, Wen Chen
Co-educated M.S-Ph.D. students: Xuan Lin, Xiu Gao, Nan Li, Xiao Lu, Chuanya Si

Research Objectives
We are mainly focusing on the interactions between viral protein and immune system and the mechanical study for viral pathogenesis. We use influenza A virus as a viral model to study the regulations of CD4+ T cells in the disease progresses. In addition, we try toisolate and characterize host/
virus factors that contribute to inflammatory responses during influenza A virus infection.
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Highlights of achievements and progress
1. Exploration of roles for CD4+ T cells in immunity to influenza viruses
Influenza viruses are a major pathogen in the infection of humans and animals. Both of the B cells
which produces a neutralizing antibody and CD4+ T-cells are required for anti-viral infection. The
activated CD4+ T cells undergo extensive cell division and differentiation, giving rise to distinct
subsets of effector T cells. The best characterized of these are T helper 1 (Th1) cells, T-bet is a critical transcription factor for Th1 cells differentiation. Th1 cells produce large amounts of IFNγ to
combat virus infection and promote the generation of optimal antiviral CD8+ T cell responses. In
particular, FOXP3+ CD4+ regulatory T (Treg) cells are also involved in certain viral infections,
especially in the models of chronic infection to limit the magnitude of immune responses. In acute
viral infection, TReg cells also help limit collateral tissue damage after the virus clearance. Here,
we are using the GFP labeled T-bet and Foxp3 reporter mouse to study what are the viral factors,
which induce the activated CD4+ T cells development, and to understand the relationship between
CD4+ T cells immune responses and the viral pathogenicity.
2. Exploration of new molecules in the regulation of inflammasomes activation
Inflammasome, mainly composed of NLPR1, NLRP3, NLRC4 (Ipaf), as well as non-canonical inflammasome, is one of the most important hotspot in innate immune response study. It plays essential role in anti-infectious immunity, chronic metabolic disease, and autoimmune disease. However,
the questions of what are the sensors of NLRP3, and how to regulate inflammasomes activation
remain to be discovered. The innate immune system is a sophisticated system for sensing signals of
“danger” such as pathogenic microbes (PAMP) or host-derived signals of cellular stress (DAMP)
through germline-encoded pattern recognition receptors (PRRs). NOD like receptors (NLRs) are
one kind of PRRs that is responsible for inflammasome activation. Recognition of a diverse range
of microbial, stress and damage signals by NLRs results in inflammasomes formation. The inflammasome is a huge multiprotein complex composed of NLR proteins, the PYD-and CARD-domain
containing adapter protein ASC, and the inflammatory protease pro-caspase-1. Once activated,
NLR changes conformation to recruit ASC and assemble the inflammasome platform, which in turn
promotes the activation of caspase-1. Caspase-1 subsequently cleaves pro-IL-1β and pro-IL-18 and
renders maturation and secretion of these potent inflammatory cytokines, meanwhile, a form of
cell death called pyroptosis is activated following the caspase-1 activation. Our work is to seek out
the new molecules in the NLRP3/NLRC4 inflammasome pathway, and to explore the mechanism
of their effects on NLRP3/NLRC4 inflammasome using model pathogens such as influenza virus,
salmonella etc. At the same time, we are using the CRISPR/Cas9 system to screening the NLPR3
inflammasome sensors, which is the most challenging work in the study of inflammasome.
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3. Antibody-related therapy and diagnostics
● Therapeutic antibody Research
It has been proved that antibody-based drugs have great application prospect in the treatments of
infectious diseases, cancers and autoimmune diseases. We have signed an agreement with Medical
Research Council Technology(UK) for co-constructing “IPS-MRCT Joint Center for Therapeutic
Antibody”. This center will promote the research and development of innovative antibody drugs in
China.
We have solid expereinces in the area of Ab target selection, target validation and functional evaluation. We have a comprehensive protein expression systems as well as platforms for generating
chimeric antibodies, humanized antibodies and fully human antibodies. We have developed a single
cell RT-PCR system to raise fully human antibodies, which is quite suitable for developing therapeutic antibodies for infectious diseases within a short time.
By now, we have successfully developed human antibodies against flu and HCV. For flu antibodies,
we have separated broad neutralizing fully human monoclonal antibodies against influenza A viruses which could neutralize H1N1 and H5N1 virus both in vitro and in vivo, showing a braod neutralizing acitivity (Virology. 2013 Jan 20;435(2):320-8). For HCV antibodies, we have separate 3 broad
neutralizing fully human monoclonal antibodies against HCV, these antibodies have the ability to
neutralize genotypes of HCV, including 1b, 2a, 2b,3a,5a,6a. Now we are working on epitope mapping for both flu and HCV antibodies. These antibodies have the potential to serve as therapeutic
drugs and the epitope information could lead us to find the conserved epitopes and design universal
vaccine against Flu and HCV infection.
● Immunodiagnosis Reagent Research
The basis of immunodiagnosis is antibody-antigen binding. Bsed on our expereinces in the Ab, we
have developed both ELISA and immuno-colloidal gold based diagnosis kits for detecting NGAL
and RBP, which are makers for kidney injury. We also have some accumulation in the field of diagnosis of infectious diseases, especially viruses.

Publications (2015)
1. Zhang RH, Wang K, Ping XQ, Yu WJ, Qian ZK, Xiong SD, Sun B. The ns12.9 Accessory Protein of Human Coronavirus OC43 Is a Viroporin Involved in Virion Morphogenesis and Pathogenesis. Journal of Virology 2015; 89(22):11383-11395.
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2. Zhang H, Han QL, Ping XQ, Li L, Chang C, Chen Z, Shu YL, Xu K, Sun B. A single NS2 mutation of K86R promotes PR8 vaccine donor virus growth in Vero cells. Virology 2015; 482:3240.
3. Wang YM, Yan SS, Yang B, Wang Y, Zhou HY, Lian QS, Sun B. TRIM35 negatively regulates
TLR7-and TLR9-mediated type I interferon production by targeting IRF7. FEBS Letters 2015;
589(12):1322-1330.
4. Wang YM, Lian QS, Yang B, Yan SS, Zhou HY, He L, Lin GM, Lian ZX, Jiang ZF, Sun B.
TRIM30 alpha Is a Negative-Feedback Regulator of the Intracellular DNA and DNA VirusTriggered Response by Targeting STING. Plos Pathogens 2015; 11(6):18.
5. Mao KR, Chen SZ, Wang Y, Zeng Y, Ma YL, Hu Y, Zhang H, Sun SH, Wu XD, Meng GX, Pei G,
Sun B. beta-arrestin1 Is Critical for the Full Activation of NLRP3 and NLRC4 Inflammasomes.
Journal of Immunology 2015; 194(4):1867-1873.
6. Hu WB, Zhang H, Han QL, Li L, Chen YX, Xia NS, Chen Z, Shu YL, Xu K,Sun B. A Vero-celladapted vaccine donor strain of influenza A virus generated by serial passages. Vaccine 2015;
33(2):374-381.
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Anti-Viral Immunity Research Unit
Team members
Principal Investigator: Paul Zhou
Senior staff: Guiqin Wang
Secretary: Xiaoyu Ren
Ph.D. students: Huanhuan Ren, Chaobaihui Ye, Xun Huang, Lucie Bracq
M.S.. Students: Wenbo Jiang, Qianqian Zhu, Shuangshuang Wang, Huan He

Research Objectives
The research in the Unit of Anti-Viral Immunity and Genetic Therapy focuses on spike proteinbased vaccine design against influenza virus and human immunodeficiency virus type 1 (HIV-1).
Influenza and HIV-1 are enveloped viruses and their spike proteins are the type I transmembrane
proteins and form a trimer of a heterodimer (HA1/HA2 or gp120/gp41) on the surface of virion
and infected cells. They bind to cellular receptors and mediate the fusion between viral and cellular
membranes. And they are major targets for antibody responses and prone to antigenic drift to evade
immune responses.
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Arguably, influenza and HIV-1 spike proteins are also the two most diverse proteins in the universe.
Influenza spike protein HA has 17 subtypes (H1 to H17), which are divided into two phylogenetically distinct groups. Group one comprises H1, H2, H5, H6, H8, H9, H11, H12, H13, H16 and H17
subtypes. Group two comprises H3, H4, H7, H10, H14 and H15 subtypes. HA within a subtype has
up to 15% sequence diversity; whereas HA between subtypes has 40-60% diversity. HIV-1 consists
of four groups (M, N, O and P). N, O and P groups are confined in Africa with few strains isolated.
M (Major) group consists of 10 subtypes (A, B, C, D, AE, F, AG, H and J) and many circulating
recombinants. Spike protein gp160 within a subtype has up to 20% sequence diversity; whereas
gp160 between subtypes has up to 35% sequence diversity. Therefore, from vaccine design’s point
of view, more or less one encounters the same problem, i.e. how to elicit broadly protective, long
lasting antibody responses.
So far both influenza and HIV-1 vaccines only elicit antibody responses against vaccine strains and
antigenic closely related strains, but not subtype-specific or group-specific, let alone “universal”.
Thus our spike protein-based vaccine design focuses on subtype-specific, group-specific, or “universal” antibody responses. We are interested in identifying epitopes conserved within a subtype,
within a group, or “universe”. We are interested in designing immunogens and immunization strategies that elicit subtype-specific, group-specific, or “universal” antibody responses. Once we succeed
in elicitation of such antibody responses, we are also interested in dissecting underlying mechanism
of protection.
Antibodies and antibody responses are not only useful for vaccine design, but also can be developed into preventive and therapeutic agents. Over the years we have developed a few broadly neutralizing human monoclonal antibodies against influenza virus uncovered the novel mechanism of
neutralization. We have also developed GPI-anchored antibody approach to target antibody derivatives into the lipid raft of the plasma membrane, which is a gateway for HIV-1 release and entry in
T lymphocytes and macrophages, and demonstrated their great potential as preventive and therapeutic agents against HIV-1.

Highlights of achievements and progress
In the past 12 months, we have focused on the following four areas of research.
1. Develop a novel pair-wise vaccine design
Previously we developed a “serologic vaccinology” vaccine design strategy (Zhou et al. JVI 2012).
In addition, we designed a TH DDV vaccination and demonstrated that this vaccine regimen elicits broadly neutralizing antibody responses against all H5 clades and subclades and protects mice
against lethal dose challenge of diverse HPAI H5N1 strains (Wang et al. JID 2014). Based on some
observations from these previous studies we recently developed a novel pair-wise vaccine design
and demonstrated that by replacing the narrowly focused, but highly potent neutralization epitope
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in the recipient hemagglutinin (HA) with the broad, yet moderately potent neutralization epitope
from the donor HA. The resulting chimeric HA elicits significantly more potent and broader epitope-specific neutralizing antibody responses than either donor or recipient HA, which cross-protect
diverse H5 as well as heterosubtypic H1, H9 and H3 virus challenge (Wang et al. Manuscript in
preparation). We strongly believe that this novel vaccine design should have an important implication in developing “universal” influenza vaccine.
2. Develop the second generation of HIV-1 VLP
Previously in collaboration of Dr. Ping Zhu in the Institute of Biophysics we developed a stably
transfected Drosophila S2 cell system to produce HIV-1 VLP and demonstrated that HIV-1 VLP
produced in this system have many desirable features as a boost agent in heterologous prime-boost
vaccination (Yang et al. JVI 2012; recommended to Faculty 1,000). However, the neutralization
potency and breadth need to be further improved. Towards this goal, we are developing the second
generation HIV-1 VLP by a series of modifications of spike proteins. Our preliminary cryo-EM and
sucrose-gradient fractionation data indicate that the second generation of HIV-1 VLP expresses significantly higher levels of spike proteins on their surface. Detail analyses of these new HIV-1 VLP
by cryo-EM tomography and their immunogenicity in mice and rabbits are on the way.
3. Further study human anti-HA monoclonal antibodies
Previously we developed human monoclonal antibodies 65C6 and 100F4. These antibodies neutralize all clades and subclades of HPAI H5N1 viruses in the nanomolar range except for certain strains
of subclade 7.2 and have prophylactic and therapeutic efficacy against diverse HPAI H5N1 viruses
in mice and unraveled a novel neutralization mechanism (Hu et al. JVI 2012; Qian et al. JVI 2013;
a patent approved in 2014). Recently, in collaboration with two research labs in the Tsinghua University, we solved crystal structure of 100F4-HA and 65C6-HA complexes along with several other
anti-H5 HA antibodies and defined 4 supersites of vulnerability of H5 HA (Zuo et al. Nat. Commun. 2015). More recently, we tested cross-neutralization and cross-protection of anti-H5 antibodies against newly emerging H5 viruses and demonstrated that antibodies FLA5.10, FLD21.140,
100F4 and 65C6 potently cross-neutralize the HPAI H5N8 NE14 and H5N6 SC14 viruses and a
single injection of antibody 100F4 outperformed 5-day course of oseltamivir treatment (Ren et al.
mAbs Accepted). Thus, our studies laid the solid foundation for these human monoclonal antibodies to be developed into pan-H5 subtype therapeutics and for their corresponding neutralization epitopes to be developed as pan-H5 subtype immunogens through the analytic vaccinology approach.
4. Further develop glycosylphosphatidylinositol (GPI)-anchored antibody and peptide derivatives against HIV
We previously developed a GPI-anchored antibody derivative approach (Wen et al. Retrovirol-
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ogy 2010; Liu et al. JVI 2011; Liu et al. JVI 2013). Recently, we constructed two fusion genes, in
which C34 peptide or AVF peptide control was genetically linked with a GPI-attachment signal. We
showed that GPI-C34, but not GPI-AVF, in transduced TZM.bl or CEMss-CCR5 cells efficiently
blocks the infection of diverse HIV-1 strains of various subtypes (Liu et al. JNIP accepted). We
also developed a GPI-VHH E4, JM2 and JM4 and demonstrated that GPI-VHH JM4 blocks both
cell-free and T cell-T cell transmission of HIV-1 in transduced human CD4+ cell lines and human
primary CD4 T cells (Liu et al. JVI under revision). Currently, in collaboration with Dr. Lishan Su
at the University of North Carolina at Chapel Hill as well as Dr. Xue Qing in the Animal Science
Institute, Chinese Academy of Medical Sciences we are testing in vivo protective and therapeutic
efficacy of GPI-anchored antibody derivatives in humanized mouse and rhesus macaque models,
respectively. We demonstrated that GPI-anchored scFv X5 significantly protects human primary
CD4 T cells upon both R5- and X4-tropic HIV-1 infection in humanized mice (Ye et al. Manuscript
in preparation). As a result, we are more confident than ever that GPI-anchored antibody and peptide derivatives will have great potential in clinical applications in HIV cure.
In 2015, Paul Zhou was invited to give a talk in CALDAR and UCLA 2015 International Conference on Global Health: Prevention and treatment of substance use disorders and HIV. Hangzhou,
China, April, 2015; in 71th Scientific Forum - Persistent viral infection and functional cure of HIV.
Shanghai, China, May, 2015; and in 2nd Clinical HIV/AIDS Society Meeting, in Shanghai, China,
November, 2015. He also chaired the Vaccines for Respiratory Viral Diseases session and gave a
talk in 9th Vaccine and International Vaccine Society Congress in Seoul, South Korea, October,
2015. In addition, he was invited to serve as a co-editor and to contribute a review for 2016 October
issue of Host-Pathogens in Current Opinion in Immunology.

Grant Support
1. Project Leader in the Grand Science and Technology Special Project on Vaccine against HIV
(2012ZX1001-1010-03) entitled “Research on VLP” (01-01-12 to 12-31-15) Amount: RMB
1,210,000
2. Principal Investigator in the Chinese National Science Foundation grant (# 31170871) entitled
“Further study on GPI anchored antibody derivatives against HIV” (01-01-2012 to 12-31-2015)
Amount: RMB 600,000
3. Project Leader in the Grand Science and Technology Special Project on Functional Cure against
HIV (2014ZX10001-001) entitled “Gene delivered combinative antibody therapy” (01-01-14 to
12-31-16) Amount: RMB 2,410,000 + RMB 480,000 (a matching fund from Shanghai Government)
4. PD/PI in a NSFC-NIH joint grant (#81361120406) entitled “Inhibition of HIV by GPI-anchored
antibody derivatives” (01-01-2014 to 12-31-2016) Amount: RMB 1,800,000
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Collaborations
Serge Benichou
Lishan Su
Jason T. Kimata
Qing Xue
Yuxian He
Linqi Zhang
Xingquan Wang
Ping Zhu
Zhiwei Chen
Hongling Chen

Cochin Institute, University of Paris, Paris, France
University of North Carolina, Chapel Hill, USA
Baylor College of Medicine, Houston, USA
Animal Science Institute, CAMS, Beijing, China
Institute of Pathogens, CAMS, Beijing, China
Tsinghua University, Beijing, China
Tsinghua University, Beijing, China
Institute of Biophysics, CAS, Beijing, China
Hong Kong University, Hong Kong, China
Hong Kong University, Hong Kong, China

Publications (2015)
1. Trondsen M, Aqrawi LA, Zhou F, Pedersen G, Zhou P, and Cox RJ. Induction of local secretory
IgA and multifunctional CD4+ T helper cells following intranasal immunization with a H5N1
whole inactivated influenza virus vaccine in BALB/c mice. Scand. J. Immunol. 03/2015:81(5).
DOI:10.1111/sji.12288
2. Zuo T, Sun J, Wang GQ, Jiang L, Zuo Y, Li D, Shi X, Liu X, Ren HH, Hu HX, Sun L, Zhou B,
Liang M, Zhou P,* Wang X,* and Zhang L.*  Comprehensive analysis of antibody recognition
in convalescent humans from highly pathogenic avian influenza H5N1 infection. Nat. Commun.
12/2015; 6:8855. DOI:10.1038/ncomms9855 ( *co-corresponding author)
3. Ren HH, Wang GQ, Wang SS, Chen HL, Chen ZW, Hu HX, Cheng GH and Zhou P. Cross-Protection of Newly Emerging HPAI H5 Viruses by Neutralizing Human Monoclonal Antibodies: a
Viable Alternative to Oseltamivir. mAbs Accepted
4. Liu LH, Wen M, Zhu QQ, Kimata JT and Zhou P. Glycosyl Phosphatidylinositol-Anchored C34
Peptide Derived From Human Immunodeficiency Virus Type 1 Gp41 Is a Potent Entry Inhibitor.
J. Neuroimmune Pharmacol. Accepted
5. Liu LH, Wang WM, Matz J, Ye CBH, Kimata JT, Chen ZW, Benichou S and Zhou P. Glycosyl
phosphatidylinositol-anchored variable region of llama heavy chain only antibody JM4 efficiently blocks both cell-free and T cell-T Cell transmission of human immunodeficiency virus type 1.
J. Virol. Under revision

Translational research
All our researches on HIV and influenza vaccine design and human antibodies and their derivatives
are translational research (see above).
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Tumor Virology Research Unit
Team members
Principal Investigator: Ke Lan
Co-Principal investigator: Qiang Deng
Research Assistant: Rui Sun, Yuan Gao, Xin Yu
Postdoctoral fellow: Xing Wang
Ph.D. students: Lei Bai, Quanzhi Zhang, Haitao Mao, Gaiyun Li, Fei Yuan, Shasha Li, Jiazhen
Dong, Chao Ma

Research Objectives
Tumor Virology Unit is dedicated to elucidating the mechanisms by which tumor viruses mediated
ontogenesis. Kaposi’s sarcoma Associated Herpesvirus (KSHV) and Hepatitis B virus (HBV) are
utilized the working models to address the mechanisms of viral persistence, tissue injury (e.g., tumorigenesis, angiogenesis or immune damage), and antiviral responses. Basically, we are focusing
on two major topics of, 1) the mechanisms of viral latency control as well as related pathogenesis
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of KHSV; 2) development of mouse models of HBV chronic infection and the potential anti-viral
strategy based on active immunotherapy.

Highlights of achievements and progress
1. Researchers at Institut Pasteur of Shanghai identify a novel mechanism for regulation of
host gene expression
Kaposi’s sarcoma-associated herpesvirus (KSHV), also known as human herpesvirus 8 (HHV8), is
the etiological agent of Kaposi’s sarcoma (KS), primary effusion lymphoma (PEL) and multicentric
Castelman’s disease (MCD). KSHV has developed a unique mechanism to subvert host antiviral
immune responses by encoding four homologues of cellular interferon regulatory factor (vIRF1~4,
vIRFs) with a cluster of KSHV open reading frames K9, K11/11.1, K10.5/10.6, K10 respectively.
vIRFs have been demonstrated as effective inhibitors of interferon signaling and regulators of cellular oncogenic pathways, which may contribute to KSHV infection as well as pathogenesis.
From the previous research, vIRF2 appears to be able to inhibit both early and later steps of the antiviral IFN signaling pathway. The vIRF2 can function as modulator of the innate immune response
through negatively regulating the transactivation of the ISRE promoter by IRF-1 as well as activation of IFN reporter promoter. Moreover, vIRF2 targets components of the interferon-stimulated
gene factor 3 (ISGF3) complexes, STAT1 and IRF-9, which results in the inhibition of ISG expression. Previous studies have shown that vIRF2 were unable to bind to the consensus DNA sequence
of the human IRFs. The inhibitory role of vIRF2 in regulating IFN signaling seemed to rely on its
interaction with other regulatory factors, but not direct transcriptional regulation.
The research was supervised by Prof. Ke Lan and was completed by the students Haidai Hu and
Jiazheng Dong under the cooperation of with Prof. Yuhui Dong in IHEP(Institute of High Energy
Physics, Chinese Academy of Sciences).We first performed the genome-wide vIRF2-binding sites
mapping in human genome using chromatin immunoprecipitation coupled to high-throughput sequencing (ChIP-seq). vIRF2 was capable of binding to the promoter regions of 100 putative target
genes. Importantly, we confirmed vIRF2 can specifically interact with the promoters of the genes
encoding PIK3C3, HMGCR and HMGCL that are associated with autophagosomes formation or
tumor progression and metastasis, and regulate their transcriptions in vivo. The crystal structure
of vIRF2 DNA-binding domain (DBD) showed variable loop conformations and different positive
charge distribution from vIRF1 and cellular IRFs that are associated with DNA-binding specificities. Structure-based mutagenesis revealed Arg82 and Arg85 are required for in vitro DNA binding
activity of vIRF2DBD, and can abolish the transcription regulation function of vIRF2 on the promoter reporter activity of PIK3C3, HMGCR and HMGCL. Collectively, our study provided unique
insights into the DNA binding potency of vIRF2 and suggested that vIRF2 could act as a transcription factor of its target genes in host antiviral immune response.
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The study was supported by the key project of the Natural Science Foundation of China, the National Basic Research Program (973) and other projects. The article entitled “Genome-wide mapping of the binding sites and structural analysis of KSHV vIRF2 reveal it is a DNA-binding transcription factor” was published at the international academic journal Journal of Virology on November 4.
The link for this article: http://www.ncbi.nlm.nih.gov/pubmed/26537687

Publications (2015)
1. Hu H, Dong J, Liang D, Gao Z, Bai L, Sun R, Hu H, Zhang H, Dong Y, Lan K*. Genome-Wide
Mapping of the Binding Sites and Structural Analysis of Kaposi’s Sarcoma-Associated Herpesvirus Viral Interferon Regulatory Factor 2 Reveal that It Is a DNA-Binding Transcription Factor.
J Virol. 2015 Nov 4;90(3):1158-68. doi: 10.1128/JVI.01392-15.
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Viral Hepatitis Research Unit
Team members
Principal Investigator: Jin Zhong
Associate Researcher: Yongfen Xu
Research Assistants: Yimin Tong, Cheng Cheng, Li Li
Postdoctoral fellows: Wanyin Tao
Ph.D. students: Yu Xiang, Tao Yu, Lei Hei, Yu Yan, Zhenliang He, Xuesong Wang, Yanan, Zhao,
Qingchao Li, Tianyu Gan
Co-supervising Ph.D. students: Mingze Guo, Yisha Liang, Liqing Ye, Lin Han (Shanghai Tech
University)
Co-supervising M.S. students: Lei Xie (Shanghai University)

Research Objectives
Hepatitis C virus (HCV) causes acute and chronic hepatitis and liver cancer, and becomes a major
worldwide human health problem. It currently infects more than 170 million people in the world and
38 million people in China. Great progress has been made in the treatment of chronic hepatitis c in recent years. However, due to the lack of HCV vaccine, HCV infection is still threatening public health.
The main interest of my laboratory is to study biology of HCV infection and virus-host interactions
at the molecular and cellular levels. The ongoing projects include: 1. Study the functional roles of
virus-encoded proteins and host factors in the processes of HCV replication and assembly; 2. Study
pathogenesis HCV infection; 3. Study how HCV infection induces and evades host innate immune
responses. 4. Develop HCV vaccine. Hopefully by further understanding how the virus prevails
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during the infection and how the host limits the viral infection, we will be able to find a better way
to prevent and treat HCV infection.

Highlights of achievements and progress
1. The study of the role of cholesterol 25-hydroxylase (CH25H) in innate immune responses
against HCV
Hepatitis C virus (HCV), a single-stranded positive-sense RNA virus of the Flaviviridae family,
causes chronic liver diseases including hepatitis, cirrhosis and cancer. HCV infection is critically
dependent on host lipid metabolism which contributes to all stages of the viral life cycle, including
virus entry, replication, assembly and release. 25-hydroxycholesterol (25HC) plays a critical role in
regulating lipid metabolism, modulating immune responses and suppressing viral pathogens. In this
study, we showed that 25HC and its synthesizing enzyme cholesterol 25-hydroxylase (CH25H) efficiently inhibit HCV infection at a post-entry stage. CH25H inhibits HCV infection by suppressing
the maturation of SREBPs, critical transcription factors for host lipid biosynthesis. Overexpression
of consititutive form of SREBP-2 can partly antagnize the antiviral effect of CH25H. Interestingly,
CH25H is up-regulated upon poly(I:C) treatment or HCV infection in hepatocytes which triggers
type I and III interferon responses, suggesting the CH25H induction constitutes a part of host innate
immune response. To our surprise, in contrast to studies in mice, CH25H is not induced by interferons in human cells and knockdown of STAT-1 has no effect on the induction of CH25H, suggesting
CH25H is not an interferon-stimulated gene in human, but rather represents a primary and direct
host response to viral infection. Finally, knockdown of CH25H in human hepatocytes significantly
increases HCV infection. In summary, our results demonstrate that CH25H constitutes a primary
innate response against HCV infection through regulating host lipid metabolism. Manipulation of
CH25H expression and function should provide a new strategy for anti-HCV therapeutics.

Publications (2015)
1. Li, Dapeng., Huang, Z. and *Zhong, J. (2015) Hepatitis C virus vaccine development: old challenges and new opportunities. National Science Review, 2(3):285-295.
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2. Xiang, Yu., Tang, J., Tao, W., Cao, X., Song, B. and *Zhong, J. (2015) Identification of cholesterol-25-hydroxylase as a novel host restriction factor as a part of primary innate immune responses against hepatitis C virus infection. J. Virology, 89 (13):6805–6816.
3. Cao, Xuezhi., Ding, Q., Lu J., Tao, W., Huang, B., Zhao, Y., Niu, J., Liu, Y.J. and *Zhong, J.
(2015) MDA5 Plays a Critical Role in Interferon Response during Hepatitis C Virus Infection. J.
Hepatology. 62(4):771–778. (The first two authors contributed equally)
4. Liu, Xiuying, Chi, X., Gong, Q., Gao, L., Niu, Y., Chi, X., Cheng, M., Si, Y., Wang, M.,
*Zhong, J., Niu, J. and Yang, W.(2015)Association of serum level of growth differentiation
factor 15 with liver cirrhosis and hepatocellular carcinoma. PLoS One. 10(5):e0127518. (*cocorresponding author).
5. Chen, Yongzhi., He, L., Peng, Y., Shi, X., Chen, J., Zhong, J., Chen, X., Cheng, G., Deng, H.
(2015) The hepatitis C virus protein NS3 suppresses TNF-α- stimulated activation of NF-κB by
targeting LUBAC. Sci Signal. 8(403):ra118.
6. Yu, Ge., Chi, X., Wu, R., Wang, X., Gao, X., Kong, F., Feng, X., Gao, Y., Huang, X., Jin, J., Qi
,Y., Tu, Z., Sun, B., Zhong, J., Pan, Y., Niu, J. (2015) Replication Inhibition of Hepatitis B Virus
and Hepatitis C Virus in Co-Infected Patients in Chinese Population. PLoS One. 10(9):e0139015.
7. Xu, Hongqin., Yu, G., Sun, H., Lv, J., Wang, M., Kong, F., Zhang, M., Chi, X., Wang, X., Wu, R.,
Gao, X., Zhong, J., Sun, B., Jiang, J., Pan, Y., Niu J. (2015) Use of parenteral caffeinumnatrio-benzoicum: an underestimated risk factor for HCV transmission in China. BMC Public Health. 15:928.
8. Bai, Yadan, Xuan, B., Liu, H., Zhong, J., Yu, D. and Qian, Z. (2015) Tuberous Sclerosis Complex Protein 2 (TSC2)-Independent Activation of mTORC1 by Human Cytomegalovirus pUL38.
J. Virology, 89(15):7625-35.
9. Shi, Xiaodong, Chi, X., Pan, Y., Gao, Y., Li, W., Yang, C., Zhong, J., Xu, D., Zhang, M., Minuk,
G., Jiang, J. andNiu, J.(2015) IL28B Is Associated with Outcomes of Chronic HBV Infection.
Yonsei Med J. 56(3):625-33.
10. Sun, Haibo, Pan, Y., Wu, R., Lv, J., Chi, X., Wang, X., Tu, Z., Zhong, J., Sun, B., Liu, Y., Jiang, J.
andNiu, J.(2015) CD24 Ala57Val polymorphism is associated with spontaneous viral clearance
in the HCV-infected Chinese population. Liver Int. 35(3):786-94.
11. Du, Min., Liu, J., Chen, X., Xie, Y., Yuan, C., Xiang, Y., Sun, B., Lan, K., Chen, M., James, S.J.,
Zhang, Y., Zhong J. and Xiao, H. (2015) Casein Kinase II Controls TBK1/IRF3 Activation in
IFN Response against Viral Infection. J. Immunol. 194(9):4477-88.
12. Yang, Chen., Zhao, X., Sun, D., Yang, L., Chang, C., Pan, Y., Chi, X., Gao, Y., Wang, M., Shi, X.,
Sun, H., Lv, J., Gao, Y., Zhong, J., Niu, J. and Sun, B. (2015) Interferon alpha (IFNα) -Induced
TRIM22 Interrupts HCV Replication by Ubiquitinating NS5A. Cellular & Molecular Immunology. 13(1):94-102
13. Meng, Zhanchao., Yu, H., Li, L., Tao, W., Chen, H., Wan, M., Yang, P.,Edmonds, D., Zhong, J.
and Li, A. (2015) Total synthesis and antiviral activity of indolosesquiterpenoids from the xiamycin and oridamycin families. Nature Communication. 6:6096.

Translational research
1.  The development of HCV vaccine (collaborator: Prof Zhong Huang, IPS-CAS)
2.  The development of antiviral against Ebola virus (collaborator: Prof Weiliang Zhu, SIMM-CAS)
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Immune Regulation Research Unit
Team members
Principal Investigator: Qibin Leng
M.S. or Ph.D students: Jianrong Wang, Guang Hu, Xianyang Chen, Dexian Quan, Shuo Zhang,
Xinwei Jin, JingJing Li
Technicians: Juexian Yi, Ying Cui

Research Objectives
Our lab is interested in understanding both molecular regulation of T cell response and immunopathogenesis of viral infections. We are using a combination of approaches including mouse genetics, cellular immunology and biochemistry, as well as models of cancers and of viral or microbial
infections. We wish our research results can ultimately be translated to preventive or therapeutic
strategies for viral infectious diseases or cancers.
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Highlights of achievements and progress
1. Discovered the mechanisms how and why iNKT cells play a critical role in control EV71
infection
EV71 is the most virulent pathogen among enteroviruses that cause hand, foot and mouth disease
in children but rarely in adults. The mechanisms that determine the age-dependent susceptibility
remain largely unclear. We found that the paucity of invariant natural killer T (iNKT) cells together
with immaturity of the immune system was related to the susceptibility of neonatal mice to EV71
infection. iNKT cells were crucial antiviral effector cells to protect young mice from EV71 infection before their adaptive immune systems were fully mature. EV71 infection led to activation of
iNKT cells depending on signaling through TLR3 but not other TLRs. Surprisingly, iNKT cell
activation during EV71 infection required TLR3 signaling in macrophages, but not in dendritic
cells (DCs). Mechanistically, interleukin (IL)-12 and endogenous CD1d-restricted antigens were
both required for full activation of iNKT cells. Furthermore, CD1d-deficiency led to dramatically
increased viral loads in central nervous system and more severe disease in EV71-infected mice. Altogether, our results suggest that iNKT cells may be involved in controlling EV71 infection in children when their adaptive immune systems are not fully developed, and also imply that iNKT cells
might be an intervention target for treating EV71-infected patients. The results have been published
in the PloS Pathogen.
2. Discovered that a distinct innate immunity elicited by CVA16 and EV71 is related to their
different pathogenesis in human HFMD patients
CVA16 is another major HFMD pathogen. The host defense mechanisms against CVA16 infection
remain almost entirely unknown. Unlike what we found in EV71 infection, we found that IFN-γ or
iNKT cell deficiency did not affect the disease development and survival of CVA16-infected mice.
In contrast, deficiency of type I interferon receptorresulted in mice developing more severe disease,
and they had a lower survival rate than wild-type mice. Similarly, deficiency of TLR3 and TRIF, but
not other pattern recognition receptors, led to decreased survival of CVA16-infected mice. TLR3TRIF signaling was indispensable for the induction of type I interferons during CVA16 infection in
mice and protected young mice from disease caused by the infection. In particular, TRIF-mediated
immunity was critical for preventing CVA16 replication in the neuronal system before disease occurred. IFN-β treatment was also found to compensate for TRIF deficiency in mice and decreased
disease severity and mortality of CVA16-infected mice. Altogether, type I interferons induced by
TLR3-TRIF signaling mediate protective immunity against CVA16 infection. These findings may
shed light on therapeutic strategies to combat HFMD caused by CVA16 infection.
Although both CVA16 and EV71 are two major pathogens that cause HFMD in China, EV71 infection contributes to over 90% severe HFMD cases and CVA16 infection is associated with almost
only the mild cases. [17-21]. Our findings of distinct protective immune mechanisms that control
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CVA16 and EV71 EV71 infections respectively may explain their different pathogenesis in human
HFMD patients (Figure 1). The manuscript has recently been accepted to be published in the J Virol [10].

Figure 1. Distinct innate immunity
controls EV71 and CVA16 infections,
implying their distinct pathogenesis in
HFMD patients.

3. Discovered the mechanism how central tolerance affects antitumor T cell response and a
novel approach to enhance the efficacy of cancer vaccine
Cancer is the number one killer in the world. In China alone, about 3.4 million new cases are reported annually. Cancer deaths are about 2.1 million per year. Although vaccine is very effective
in preventing viral infectious diseases, very limited success has been made in developing either
prophylactic or therapeutic cancer vaccines. Unlike viral antigens, most tumor antigens are over-expressed self-proteins or mutated self-proteins. During their development in thymus, high-affinity T
cells that recognize self-antigens are deleted through a mechanism of central tolerance. As a result,
peripheral T cells have low affinity to self-antigens including non-mutated tumor antigens. This is
the major herd that causes ineffectiveness of tumor vaccine.
Using a unique mouse tumor model, we found that neither native tumor antigen nor majority of mutated tumor antigens but only the intermediate avidity one was able to elicit a robust cross-reactive
tumor-specific CD8+ T cell response. Mechanistically, central tolerance shifted T cell repertoire to
allow host T cells only respond to low avidity mutated tumor antigens and spare the lower cross-reactivity to tumor antigens (self-antigens). In addition, the functional avidity of cross-reactive tumorspecific CD8+ T cells was over 500 times less than that of pathogen-type antigen-specific CD8+ T
cells. These results indicate that their extremely low functional avidity and low cross-reactivity to
native tumor antigen-specific T cells are two key reasons why mutated tumor antigens are ineffec-
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tive for eliciting cytotoxic activity of CD8+ T cells to kill tumor cells. Our further studies revealed
that two distinct mechanisms control the functionality and responsiveness of tumor-specific CD8+
T cells. We have also discovered a novel immunization strategy to enhance the functionality and
responsiveness of tumor-specific CD8+ T cells. Altogether, our study will shed light on strategies to
enhance the efficacy of both immunotherapy and vaccination against cancers (Figure 2).

Figure 2. Central tolerance dictates the different strategy for cancer vaccine design

Awards
1. 2015 the Chinese Academy of Sciences Chu Yuet Wah Award.

Collaborations
1. Drs Guangxun Meng and Haikun Wang, IPS
2. Dr Mei Zeng, Fudan University Children Hospital.
3. Dr Chengfeng Qin, State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology.
4. Drs Nanhai He and Ronald M. Evans, Gene Expression Laboratory, Salk Institute for Biological
Studies, La Jolla, CA 92037, USA.

Publications
1. Yang J, Yang C, Guo N, Zhu K, Luo K, Zhang N, Zhao H, Cui Y, Chen L, Wang H, Gu J, Ge
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B, Qin CF, Leng Q. Type I interferons triggered through the TLR3-TRIF pathway control Coxsackievirus A16 infection in young mice. J Virol. 2015 Nov 1; 89(21):10860-7.
2. Yang CH, Guo N, Liu J, Yang J, Zhu K, Xiao H, Leng Q. Non-classical MHC I-E negatively
regulates macrophage activation and Th17 cell development in NOD mice. Sci Rep. 2015 Aug 7;
5:12941.
3. Wang H, Lei X, Xiao X, Yang C, Lu W, Huang Z, Leng Q, Jin Q, He B, Meng G, Wang J. Reciprocal Regulation between Enterovirus 71 and the NLRP3 Inflammasome. Cell Rep. 2015 Jul 7;
12(1):42-8.
4. Zhu K, Yang J, Luo K, Zhang N, Yang CH, Chen J, Xu B, Guo NN, Wang J, Cui Y, Wang Y,
Deng C, Qin C, Ge B, Hao S, Yang CF, Leng Q. TLR3 signaling in macrophages is indispensable for the protective immunity of invariant natural killer T cells against enterovirus 71 infection. PLoS Pathog 2015, 11(1):e1004613.

Translational research
We discovered a novel approach to enhance anti-tumor T cell response and applied a patent for: Novel strategies and immune combinations for enhancing anti-tumor immune
responses(CN201610222062.6).
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Viral Immunology Research Unit
Team members
Principal Investigator: Jianhua Wang
Research assistant: Li Sun
Ph.D. students: Chuan Li, Wendong Kuang
M.S.-Ph.D. student: Aiping Jiang, Xiaoxin Ren, Weiwei Sun, Di Qu, Li Ma
M.S. students: Shuting Song

Research Objectives
Host modulation of HIV-1 replication and viral latency
Host cell mediated HIV-1 trans-infection of T cells and viral primary infection

Highlights of achievements and progress
1. Uncovering the novel mechanism for host factors regulating HIV-1 replication
HIV-1 depends on host-cell-encoded factors to complete its life cycle. Identification of key host
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proteins involved in HIV-1 replication and infection could contribute to the development of novel
antiviral drugs. By using genome-wide screening, we screened Naf1 (HIV-1 Nef-associated factor)
as a host factor candidate for regulating HIV-1 infection. Naf1 is identified as a CRM1 (Chromosome
region maintenance 1)-dependent nucleo-cytoplasmic shuttling protein. In this study, we found that
Naf1 could promote nuclear export of unspliced HIV-1 gag mRNA and viral production. The Naf1CRM1 association was required for this function; additionally, the mutation of the nuclear export
signals and nuclear localization signal of Naf1 diminished its ability to promote HIV-1 production,
suggesting that the shuttling property of Naf1 was required for this function. This study reveals a
novel role of host factor Naf1 in enhancing HIV-1 production, providing a potential therapeutic target for controlling HIV-1 infection.
2. Uncovering the novel mechanism for host factors Tollip inhibiting HIV-1 LTR-driven viral
transcription to regulated HIV-1 latency
HIV-1 latency is a state of nonproductive infection in which transcription of viral genes is repressed. While HIV-1 replication can be reduced to undetectable levels by combination antiretroviral therapy (ART), latently infected viral reservoirs cannot be eradicated. The establishment and
maintenance of HIV-1 latency is controlled by multiply molecular mechanism, among which host
factors could affect viral persistence/latency by regulating viral transcription.To better understanding the molecular mechanism of HIV-1 latency, we have screened host factors that can regulate
HIV-1 infection and transcription, by comparing the different gene expression pattern between HIV1 latent infection and activation in host cells.
Toll like receptors (TLR) signaling, the best known innate immune signaling pathway, could sense
HIV-1 infection and make the corresponding antiviral response. But it could be utilized by HIV-1
for better infection and dissemination. Thus, it is important to identifying the regulators of TLR signaling, and evaluate the roles in HIV-1 persistence/latency. Our previous study has found that Tollip, a repressor of TLR-2/4 mediated signaling, inhibited HIV-1 transcription, indicating the potential role in governing viral latency. Here we found that the activities of LTRs derived from multiple
HIV-1 subtypes could be repressed by Tollip; Knockdown of Tollip promotes HIV-1 transcription
and infection in CD4+ T cells, and HIV-1 reactivation of provirus from HIV-1 latently infected Jurkat CD4+ T cells and primary T cells. In conclusion, our data indicate a key role of Tollip in suppressing HIV-1 infection and regulating viral latency.
3. Demonstrating the hijacking of host granulocytes by HIV-1 for dissemination
Granulocytes are a category of white blood cells, comprising mainly basophils, neutrophils and eosinophils, and participate in various kinds of inflammatory reaction and defense against pathogens.
However, the role of granulocytes in viral infection remains poorly understood. Here we investigated the roles of human blood circulating granulocytes in the dissemination of HIV-1. Three types of
granulocyte isolated from healthy human peripheral blood were found to express a variety of HIV-
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1 attachment factors. Basophils expressed DC-SIGN, DCIR, heparin sulfate proteoglycan and α4β7
integrin, and thereby mediated the most efficient capture of HIV-1 on the cell surface. Neutrophils
were found to express DCIR, which explains the limited efficiency of viral capture. The eosinophils exhibited little or no virus-binding capacity, despite expressing α4β7 integrin. Intriguingly,
following direct contact with CD4+ T cells, viruses harbored on the cell surface—particularly that
of basophils—were transferred efficiently to the T cells, leading to robust infection. The cell to cell
contact of basophils with CD4+ T cells to form virological synapses appears necessary for ensuring
efficient HIV-1 spread. We also found that the frequency of basophils remained fairly stable regardless of CD4+ T depletion and the emergence of AIDS-associated pathogen in HIV-1 infected individuals. Collectively, our results provide novel insights into the roles of granulocytes, particularly
basophils, in HIV-1 dissemination, and show that the stable frequency of basophils during disease
progression may enable progressive viral capture and spread, and indicate that strategies designed
to prevent basophils-mediated viral capture and transfer may help to combat HIV-1 infection.
The gastrointestinal mucosa is the primary site where HIV-1 invades, amplifies, and becomes persistently established. The mechanisms of the establishment of HIV-1 primary infection remain
largely unexplored, and cell-to-cell transmission of HIV-1 plays a pivotal role in mucosal viral dissemination. Mast cells are widely distributed in the gastrointestinal tract and are early targets for
invasive pathogens, and they have been shown to have increased density in the genital mucosa in
HIV-infected women. In this study, we investigated their potential contributions to HIV-1 transmission. Mast cells isolated from gut mucosal tissues were found to express a variety of HIV-1
HAFs, such as DC-SIGN, HSPG, and α4β7 integrin, which mediate capture of HIV-1 on the cell
surface. Intriguingly, following coculture with CD4+ T cells, mast cell surface-bound viruses were
efficiently transferred to target T cells. Prior blocking with anti-HAF antibody or mannan before
coculture impaired viral trans-infection. Cell-cell conjunctions formed between mast cells and T
cells, to which viral particles were recruited, and these were required for efficient cell-to-cell HIV1 transmission. Our results reveal a potential function of mucosal mast cells in HIV-1 dissemination
in gut tissues. Strategies aimed at preventing viral capture and transfer mediated by mast cells could
be beneficial in combating primary HIV-1 infection.
4. Perspectives
The research aim of this unit will continue to focus on the interaction of HIV-1 and host cells, and
try to better understand: 1) the mechanisms underlie viral primary infection, via the ex vitro and in
vivo models. 2) the host factors that restrict the HIV-1 replication, the mechanism for establishment
and maintenance of viral latency, and the strategy development for functional cure.  
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Collaborations
Jifu Wei (The people’s hospital of Jiangsu province)
Yuye Li (Medical College of Kunming, Yunnan)
Baochi Liu (Fudan University)
Yongtang Zheng (Kunming Institute of Zoology, CAS)
Li Wu (the Ohio State University, USA)
Huan-Zhang Zhu (Fudan University)
Vicente Planelles (University of Utach, USA)

Publications (2015)
1. Ren XX, Wang HB, Li C, Jiang JF, Xiong SD, Jin X, Wu L, Wang JH. HIV-1 Nef-associated
factor 1 enhances viral production by interacting with CRM1 to promote nuclear export of unspliced HIV-1 gag mRNA. J Bio. Chem. 2016. PMID:26733199
2. Ji H, Jiang Z, Lu P, Ma L, Li C, Pan H, Fu Z, Qu X, Wang P, Deng J, Yang X, Wang J, Zhu H.
Specific Reactivation of Latent HIV-1 by dCas9-SunTag-VP64-mediated Guide RNA Targeting
the HIV-1 Promoter. Mol Ther. 2016. PMID:26775808
3. Jiang AP, Jiang JF, Wei JF, Guo MG, Qin Y, Guo QQ, Ma L, Liu BC, Wang X, Veazey RS, Ding
YB, Wang JH. Human mucosal mast cells capture HIV-1 and mediate viral trans-infection of
CD4+ T cells. J Virol. 2015. PMID:26719250
4. Jiang AP, Jiang JF, Guo MG, Jin YM, Li YY, Wang JH. Human blood circulating basophils capture HIV-1 and mediate viral trans-infection of CD4+ T cells. J Virol. 2015. PMID:26018157；
5. Ren XX, Li C, Xiong SD, Huang Z, Wang JH*, Wang HB*. Antibodies to P-selectin glycoprotein ligand-1 block dendritic cell-mediated enterovirus 71 transmission and prevent virusinduced cells death. Virulence. 2015.
6. Zhang Y, Li SK, Yi Yang K, Liu M, Lee N, Tang X, Wang H, Liu L, Chen Z, Zhang C, Wang J,
Kwok-Wing Tsui S. Whole genome methylation array reveals the down-regulation of IGFBP6
and SATB2 by HIV-1.Sci Rep. 2015. 5:10806. PMID:26039376
7. Yang FC, Kuang WD, Li C, Sun WW, Qu D, Wang JH. Toll-Interacting Protein Suppresses HIV1 Long-Terminal-Repeat-Driven Gene Expression and Silences the Post-Integrational Transcription of Viral Proviral DNA. PLoS ONE, 2015;  10(4):e0125563. PMID:25915421
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Vaccinology and Antiviral Strategies Research Unit
Team members
Principal Investigator: Zhong Huang
Associate Professor: Qingwei Liu
Postdoctoral fellow: Xiaohua Ye
Research Assistant: Shuxia Wang, Lili Pang
Ph.D. students: Dapeng Li, Zhiqiang Ku, Chao Zhang, Xuesong Wang, Xiaoli Wang
M.S. students: Chaoyun Shen, Tan Chen, Wenlong Dai, Yu Zhou, Xueyang Zhang, Yang Hu, Panke Qu, Wei Zhang

Research Objectives
Our research unit is committed to developing novel vaccines and therapeutic antibodies against important viral diseases.

Highlights of achievements and progress
Hand, foot, and mouth disease (HFMD) has been prevalent in China over the last seven years, affecting millions of children annually. Enterovirus 71 (EV71) and coxsackievirus A16 (CA16) are
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the two major causative agents of HFMD. We have been aiming to develop novel vaccines and
therapeutic antibodies targeting EV71 and CA16. The latest progress is described below.
1. High-yield production of recombinant virus-like particles of enterovirus 71 in Pichia pastoris and their protective efficacy against oral viral challenge in mice
We evaluated the expression of virus-like particles (VLPs) of enterovirus 71 (EV71) in Pichia pastoris and determined their protective efficacy in mouse models of EV71 infections. We showed that
EV71 VLPs could be produced at high levels up to 4.9% of total soluble protein in transgenic P.
pastorisyeast co-expressing P1 and 3CD proteins of EV71. The resulting yeast-produced VLPs potently induced neutralizing antibodies against homologous and heterologous EV71strains in mice.
More importantly, maternal immunization with VLPs protected neonatal mice in both intraperitoneal and oral challenge experiments. Collectively, these results demonstrated the success of simple,
high-yield production of EV71 VLPs in P. pastoris, thus lifting the major roadblock in commercial
development of VLP-based EV71 vaccines.

Figure. Maternal immunization with EV71 VLPs protected newborn mice against oral infection. (A)
Survival. (B) Clinical score.

2. A bivalent virus-like particle based vaccine induces a balanced antibody response against
both enterovirus 71 and norovirus in mice
The norovirus genogroup II.4 (GII.4)- and EV71-VLPs were produced in a baculovirus-insect cell
expression system. A bivalent combination vaccine comprised of GII.4 and EV71 VLPs was formulated and compared with monovalent GII.4- and EV71-VLPs for their immunogenicity in mice. We
found that the bivalent vaccine elicited durable antibody responses toward both GII.4 and EV71,
and the antibody titers were comparable to that induced by the monovalent vaccines, indicating
there is no immunological interference between the two antigens in the combination vaccine. More
significantly, the bivalent vaccine-immunized mouse sera could efficiently neutralize EV71 infection and block GII.4-VLP binding to mucin. Together, our results demonstrate that the experimental
combination vaccine comprised of GII.4 and EV71-VLPs is able to induce a balanced protective
antibody response, and therefore strongly support further preclinical and clinical development of
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such a bivalent VLP vaccine targeting both norovirus GII.4 and EV71.

Figure. Electron microscopy
analysis of (A) EV71-VLP, and
(B) GII.4-VLP.

3. Single Neutralizing Monoclonal Antibodies Targeting the VP1 GH Loop of Enterovirus 71
Inhibit both Virus Attachment and Internalization during Viral Entry
Antibodies play a critical role in immunity against enterovirus 71 (EV71). However, how EV71speciﬁc antibodies neutralize infections remains poorly understood. Here we report the working
mechanism for a group of three monoclonal antibodies (MAbs) that potently neutralize EV71. We
found that these three MAbs (termed D5, H7, and C4, respectively) recognize the same conserved
neutralizing epitope within the VP1 GH
loop of EV71. Single MAbs in this group,
exempliﬁed by D5, could inhibit EV71 infection in cell cultures at both the pre- and
post-attachment stages in a cell type-independent manner. Speciﬁcally, MAb treatment resulted in the blockade of multiple
steps of EV71 entry, including virus attachment, internalization, and subsequent uncoating and RNA release. Furthermore, we
show that the D5 and C4 antibodies can interfere with EV71 binding to its key receptors, including heparan sulfate, SCARB2,
and PSGL-1, thus providing a possible explanation for the observed multi-inhibitory
function of the MAbs. Collectively, our
study unravels the mechanism of neutralizaFigure. Working mechanism of D5 antibody. (a)
tion by a unique group of anti-EV71 MAbs
Model of the EV71 entry process; (b) D5 antitargeting the conserved VP1 GH loop. The
body inhibits EV71 infection at multiple steps.
ﬁndings should enhance our understanding
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of MAb-mediated immunity against enterovirus infections and accelerate the development of MAbbased anti-EV71 therapeutic drugs.

Publications (2015)
1. Ku Z, Ye X, Shi J, Wang X, Liu Q*, Huang Z*. (2015) Single neutralizing monoclonal antibodies targeting the VP1 GH-loop of enterovirus 71 inhibit both virus attachment and internalization during viral entry. Journal of Virology 89:12084-12095.
2. Wang X, Ku Z, Dai W, Chen T, Ye X, Zhang C, Zhang Y, Liu Q, Jin X, Huang Z*. (2015) A
bivalent virus-like particle based vaccine induces a balanced antibody response against both enterovirus 71 and norovirus in mice. Vaccine 33:5779-85.
3. Zhang C, Yang Y, Chi Y, Yin J, Yan L, Ku Z, Liu Q, Huang Z*, Zhou D*. (2015) Hexon-modified recombinant E1-deleted adenoviral vectors as bivalent vaccine carriers for Coxsackievirus
A16 and Enterovirus 71. Vaccine 33:5087-94.
4. Wang H, Lei X, Xiao X, Yang C, Lu W, Huang Z, Leng Q, Jin Q, He B, Meng G*, Wang J*.
(2015) Reciprocal regulation between Enterovirus 71 and the NLRP3 inflammasome. Cell Reports 12:42-8.
5. Zhang C, Ku Z, Liu Q, Wang X, Chen T, Ye X, Li D, Jin X, Huang Z.* (2015) High-yield production of recombinant virus-like particles of enterovirus 71 in Pichia pastoris and their protective efficacy against oral viral challenge in mice. Vaccine 33:2335-2341.
6. Liu Q, Tong X, Huang Z.* (2015) Towards broadly protective polyvalent vaccines against hand,
foot and mouth disease. Microbes and Infection 17:155-162.
7. Zhang C, Zhu R, Yang Y, Chi Y, Yin J, Tang X, Yu L, Zhang C*, Huang Z*, Zhou D*. (2015)
Phylogenetic analysis of the major causative agents of hand, foot and mouth disease in Suzhou City, Jiangsu Province, China, in 2012-2013. Emerging Microbes and Infections 4:e12.
doi:10.1038/emi.2015.12.
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Molecular Immunology Research Unit
Team members
Principal Investigator: Bin Li
Research Assistant: Dan Li, Rui Liang
Post-doctoral fellow: Dr. Jiaoyu Shan
M.S-Ph.D students: Yangyang Li, Jia Nie, Xurrui Luo, Fuxiang Zhu, Jiazi Ren, Aiting Wang,
Binbin Zhao
M.S student: Chao Kong, Shuaiwei Wang, Gang Yi
Co-supervising Ph.D students: Yingmeng Ni (Shanghai Ruijing Hospital/Shanghai Jiaotong University), Hao Li (Shanghai General Hospital/Shanghai Jiaotong University), Xuan Wang (Shanghai
General Hospital/Shanghai Jiaotong University)
Co-supervising M.S students: Xiuwen Wang (Zhongshan Hospital/Fudan University), Kaixia
Zhao (Zhongshan Hospital/Fudan University), Jimin Hao (Shanghai Ruijing Hospital/Shanghai
Jiaotong University), Sijie Fang (Shanghai Ninth People’s Hospital/Shanghai Jiaotong University),
Ruirong Lin (Fujian Provincial Cancer hospital)

Research Objectives
Our research goal is to elucidate the cellular and molecular mechanisms regulating the immune
response in health and disease including infectious diseases, autoimmune diseases and cancer. Cur-
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rently, 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.
The level and activity of the forkhead family transcription factor FOXP3 determine the immune
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. Understanding the regulation of FOXP3 and the dynamic ensemble of FOXP3 with enzymatic cofactors
in Tregs will provide therapeutic applications for major human viral infectious diseases including
HIV, hepatitis B and C viruses.
Based on previous findings (Chen, Barbi et al. 2013, Zhang, Chen et al. 2013, Li, Lin et al. 2014),
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:
1. To identify the binding partners, upstream regulators and downstream effectors of FOXP3 and
analyze their function in modulating Treg activity in infectious diseases;
2. To study signal-dependent spatial and temporal regulation of FOXP3 level, activity and ensemble during infectious processes;
3. To examine activity-dependent post-translational modifications of FOXP3 and the functional
consequences in response to various viral infection.

Highlights of achievements and progress
1. Identify a key molecular pathway for the inactivation of Treg cells after sensing inflammation
YayiGao and Jiayou Tang supervised by Professor Bin Li at Institut Pasteur of Shanghai, CAS, and
Professor Song-Guo Zheng at Penn State University Hershey College of Medicine, revealed a new
molecular pathway by which FOXP3 is downregulated at the protein level in response to inflammatory cues via the activity of an adaptor protein called Deleted in breast cancer 1 (DBC1) which
could promote FOXP3 degradation.
YayiGao purified FOXP3 transcriptional complex in FOXP3 stable expressing T cells by tandem
affinity purification, and found that Deleted in Breast Cancer 1 (DBC1) is a previously unidentified
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subunit of FOXP3 complex. Researchers observed that the linker region between the leucine zipper
motif and the forkhead domain of FOXP3 interacts with the N-terminal 200 amino acid region of
DBC1. Knockdown of DBC1 in FOXP3+Treg cells prevented caspase 8-mediated degradation of
FOXP3 under inflammatory cytokine stimulation. Moreover, Jiayou Tang demonstrated that more
Treg cells existed in Dbc1-/- mice, and Dbc1-/- FOXP3+Treg cells are more functionally potent
compared to Treg cells in wild type mice. This research propose that DBC1 may act as a negative
regulator of FOXP3 by attenuating FOXP3 protein stability and activity under inflammation, which
could represent a novel molecular pathway for therapeutically modulating FOXP3+Treg function.
The study entitled “Inflammation negatively regulates FOXP3 and regulatory T-cell function via
DBC1” was published online in PNAS on June 10, 2015.This work was supported by grants from
Ministry of Science and Technology of China, and National Natural Science Foundation of China.

Fig. A - FOXP3 complex were puriﬁed by tandem afﬁnity puriﬁcation in T cells.
Fig. B - DBC1 knockdown or Casapase 8 knockdown human Treg cells maintain more FOXP3 proteins.
Fig. C - Dbc1-/- mice develop less severe autoimmune disease symptoms during EAE induction.
Fig.D - Dbc1-/-Treg cells function profoundly in preventing colitis.

2. Identify USP4 as positive regulator of Th17 cells by Deubiquitinating and Stabilizing
RORγt
Th17 is a recently identified Th subset, which is a promoter of the inflammatory response. The differentiation of Th17 plays a critical role in the development of autoimmune diseases, such as rheumatic heart disease (RHD). The orphan nuclear receptor RORgammat (RORγt) is crucial for Th17
development but the modulation of its stability remains uncharacterized.
Jing Yang supervised by Professor Bin Li at Institut Pasteur of Shanghai, CAS, under the collaboration with Peng Xu from Anhui Medicine School and Lei han from Hushan Hospital indicated that
Th17 cells highly express deubiquitinase USP4 which is essential for maintaining RORγt and Th17
function. The expression of USP4 and IL-17 are both increased in the CD4+ T cells from the rheu-
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matic heart disease patients. And they also indicated the the inhibitor of USP4: Vialinin A could
decrease IL-17 though inhibitor the activity of USP4.
The study entitled “Cutting Edge: Ubiquitin-Specific Protease 4 Promotes Th17 Cell Function under Inflammation by Deubiquitinating and Stabilizing RORγt” was published on JI 2015.
This work was supported by Chinese National Program on Key Basic Research Project, National
Natural Science Foundation of China, Shanghai Key grant and Shanghai Three-year Plan on Promoting TCM Development.

Fig. A - USP7 is high expressed in Th17 cells.
Fig. B& - The inhibitor of USP4 decrease the expression of RORγt and IL-17 in Th17 cells.

3. Identify a novel molecular pathway for the regulatory of Treg cells
On October 1, 2015,Journal of Biological Chemistry published a research work online entitled
“Poly(ADP-ribosyl)ation of FOXP3 Mediated by PARP-1 Regulates the Function of Regulatory T
Cells” from a team of researchers led by Bin Li, Institut Pasteur of Shanghai, Chinese Academy of
Sciences. This study shows PARP-1 negatively regulates FOXP3 stability and the suppressive function of Regulatory T cells (Treg) at the post-translational level via FOXP3 poly(ADP-ribosyl)ation.
Treg cells are a subpopulation of CD4+ T cells that induce and maintain peripheral tolerance and
modulate immune responses. Dysregulation of the development and function of Treg cells has been
shown to be associated with many immune-related diseases including autoimmune diseases, chronic inflammation, acute and chronic infection. Forkhead box P3 (FOXP3), known as a key transcription factor of Treg cells, is required for their development, maintenance and function. Studies have
shown that the transcriptional activity, stability and localization of FOXP3 are regulated at posttranslational levels including acetylation, ubiquitination and phosphorylation. Furthering our understanding on the regulation of FOXP3 stability and its dynamic regulation in Tregs can thus provide
therapeutic clues on how to control major inflammatory diseases including autoimmunity and allergic diseases.
Recently, Xuerui Luo, Jia Nie and Shuaiwei Wang supervised by Professor Bin Li at Institut Pas-
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teur of Shanghai, CAS, under the collaboration with professor Hui Hu at the University of Alabama
at Birmingham, Birmingham and professor Wanjun Chen at the National Institute of Dental and
Craniofacial Research, reveal a novel molecular pathway that how PARP-1 negatively regulates
the suppressive function of Treg cells. In this study, they demonstrate that PARP-1 binds to FOXP3
and induces poly(ADP-ribosyl)ation of FOXP3. More importantly, they find that after the treatment
with PARP-1 specific inhibitors, the decreased poly(ADP-ribosyl)ation of FOXP3 in Treg cells lead
to increased level of FOXP3 by preventing proteasome-mediated degradation, resulting in increased
suppressive function of Treg cells. This research suggest that PARP-1 negatively regulates the suppressive function of Treg cells at the post-translational level through FOXP3 poly(ADP-ribosyl)
ation. Furthermore, more specific PARP-1 inhibitors will be required both as tools and therapeutics
of autoimmune diseases based on the role of PARP-1 in immune system.
This work was supported by Chinese National Program on Key Basic Research Project, National
Natural Science Foundation of China, Shanghai Key grant and Shanghai Three-year Plan on Promoting TCM Development.

Fig. A - Poly(ADP-ribosl)ation of FOXP3 in vitro.
Fig. B - PARP-1 promotes poly-ubiquitination of FOXP3.
Fig. C - PARP-1 inhibitors stabilize FOXP3 protein level.
Fig. D - PARP-1 inhibitor enhances Treg cells suppressive function.
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Hematopoietic Stem Cell And Transgenic Animal
Model Research Unit
Team members
Principal Investigator: Yan Zhang, Ph.D.
Research Assistant: Yang Xiaoli, Yuan Xiujie, Ding Xiaodan
Ph.D. students: Zhou Peipei, Liu Lulu (Soo Chow University), Wan Xiaoling
M.S. students: Chen Miao (Shanghai Normal University), Zhang Wei (Shanghai University)

Research Objectives
▲
▲
▲
▲

Epigenetic regulation of normal and malignant hematopoiesis.
Epigenetic regulation of lineage commitment and differentiation in the immune system.
Mouse chromosome engineering for modeling human cancer.
Humanized Mouse Models for Studying Human Infectious Diseases and Cancer.

Highlights of Research Progress & Achievements
We are currently focused on identifying and understanding the functions of histone-modifying
enzymes in the control of self-renewal and differentiation regulation of HSCs, as well as their
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potential roles in leukemogenesis, by using gene-targeting mouse models. Our previous research
indicated that Mixed Lineage Leukemia 5 (MLL5), one of the Trithorax group (TrxG) protein,
plays an essential role in regulating HSCs self-renewal(BLOOD, 2009, Vol. 113: 1455-1463).
Our recent research suggested that MLL5 controls G1-S phase cell cycle transition through binding to a cell cycle regulator Host Cell Factor 1 (HCF-1). This result provide a potential molecular
mechanism that may help to explain how MLL5 contributes to HSCs self-renewal regulation (JBC,
2013, Vol: 288:17532-17543). Moreover, the stability of MLL5 is cooperatively regulated by OGlcNac Transferase (OGT) and Ubiquitin Specific Protease 7 (USP7)(PLOS ONE. 2015 Dec
17;10(12):e0145023.). We are now working toward understanding the roles of the other members
of Trithorax group protein, as well as other histone-modifying enzymes, in both the normal and malignant hematopoiesis by using transgenic or knockout approaches.
The lineage commitment and differentiation of immune cells are regualted by transcriptional factors, cytokine signaling pathways, and epigenetic regulators. CD4+ T lympocytes play critical roles
in orchestrating adaptive immune responses. Recent genome-wide analysis suggest that histone
post-translational modifications involved in these processes, whereas their precise roles of the histone-modifying enzymes are still largely unclear. We are currently exploring the potential roles of
histone modifying enzymes in the lineage commitment and differentiation of immune cells, particularly the naïve CD4+ T lymphocytes, by using gene-targeted mouse models.
Chromosomal abnormalities occur frequently in human cancers, including the cancer in the hematopoietic and immune system. By using Cre-LoxP based techniques, we are generateing model the
human cancer diseases in mouse with defined chromosomal alterations. One of our previous study
generated a mouse model mimicking human 7q22 deletion leukemia(BLOOD, 2010, VOL: 115:
4524-4532). We are currently generating several leukemia models by using chromosomal engineering techinique. We designed a EGFP reporter–tracking strategy by which the leukemic cells with
chromosomal translocation can be tracked during the induction of leukemogenesis. These new disease models will provide invaluable tools for the development of both diagnosis and treatment for
human cancer.
Humanized mouse models hold great promise for predictive in vivo preclinical drug testing. We are
currently employing a combination of nuclease gene-knockout and transgenic approaches to generate
immunocompromised mice bearing a mutated IL-2 receptor gamma chain (IL-2rγ) and several human
cytokines transgenes permit the development of human hematopoietic/Immune system after human
hematopoietic stem cells engraftment. These mice could be further improved by transplantation with a
variety of human normal or cancer tissues to establish patients-derived xenograft cancer models.

Funding
National Natural Science Foundation of China.
Ministry of Science and Technology of China.
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Collaborations
Hui Xiao,Ph.D., Institut Pasteur of Shanghai, Chinese Academy of Sciences.
Qibin Leng, Ph.D., Institut Pasteur of Shanghai, Chinese Academy of Sciences.
Bin Li, Ph.D., Institut Pasteur of Shanghai, Chinese Academy of Sciences.
Bin Zhou, Ph.D., Institute of Nutrition Sciences, Chinese Academy of Sciences.
Zilong Qiu, Ph.D., Institute of Neuroscience, , Chinese Academy of Sciences.
Kevin Shnnon, M.D., Department of Pediatrics, University of California, San Francisco.
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Stability Is Cooperatively Regulated by O-GlcNac Transferase (OGT) and Ubiquitin Specific
Protease 7 (USP7).PLOS ONE. 2015 Dec 17;10(12):e0145023.
2. Wong JC, Weinfurtner KM, Alzamora Mdel P, Kogan SC, Burgess MR, Zhang Y, Nakitandwe
J, Ma J, Cheng J, Chen SC, Ho TT, Flach J, Reynaud D, Passegué E, Downing JR, Shannon K.
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4. Wan X., Liu L., Ding X., Yuan X., Zhou Z., Hu P., Zhou H., Li Q., Zhang S., Xiong S., and
Zhang Y*.Mll2/Alr Controls Cardiac Lineage Differentiation of Embryonic Stem Cells
by Promoting H3K4me3 Deposition at Cardiac-specific Genes. STEM CELL REV.2014
Oct;10(5):643-52.
5. Zhou P, Wang Z, Yuan X, Zhou C, Liu L, Wan X, Zhang F, Ding X, Wang C, Xiong S, Wang
Z, Yuan J, Li Q and Zhang Y *. Mixed Lineage Leukemia 5 (MLL5) Protein Regulates Cell
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segmental deletion of chromosome band 7q22 found in myeloid malignancies. BLOOD. VOL.
115, NO.22, pp. 4524-4532(2010).
8. Zhang Y, Wong J, Klinger M, Tran M, Shannon K, and Killeen N. Mll5 contributes to hematopoietic stem cell fitness and homeostasis. BLOOD. VOL. 113, NO.7, pp. 1455-1463(2009).
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Innate Immunity Research Unit
Team members
Principal Investigator: Guanxun Meng
Associate Professor: Ailing Lu
Research assistants: Qiuhong Guo, Junling Niu
Post-doctoral fellow: Hongbin Wang Ph.D students: Xiaomin Yao, Yue Xing, Shuxian Wu, Numan
Javed, Yihui Chen, M.S. students: Guang Xue, Sangxue Song, Fujia Yao, Zheng Li
Trainee: Mengdan Chen, Rong Deng, Luyao Zhao

Research Objectives
Inflammation is an important host response to various stimuli and conditions including infection
and tissue injury. Controlled inflammatory response is considered beneficial, but it can be rather
detrimental if dysregulated. Diseases such as cancer, auto-immune diseases and infectious diseases
all involve uncontrolled inflammation. There are many different mediators of inflammation, IL-1β
is a crucial member among them. The production of functional IL-1β requires NF-kB dependent
transcription of pro-IL-1β, followed with cleavage by caspases such as caspase-1. The activation
of caspase-1 relays on the assembly of a protein complex called inflammasome, which consists of
a pattern recognition receptor (PRR) such as NLRP3 or AIM2, adaptor protein ASC and pro-caspase-1. The goal of our lab is to understand the function of inflammasome in inflammatory diseases
and related mechanisms.
Our scientific objectives include:
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1. Regulatory mechanism of inflammasome activation
As an important arm of innate immunity, the NLRP3 inflammasome can be activated by various
stimuli including bacterial toxins, alum and ATP, indicating that NLRP3 may not be the direct receptor for these diverse ligands, specific sensors as well as common regulatory molecules should be
involved in the process of NLRP3 inflammasome activation. Our lab is exerting effort to identify
these molecules to dissect the mechanisms for NLRP3 inflammasome activation.
2. Function of inflammasome in cancer and auto-immune diseases
The NLRP3 inflammasome is involved in the development of cancer and auto-immune diseases.
We will further explore the cellular and molecular mechanisms for NLRP3 in the development of
these diseases, especially those disorders involve mucosal immunology, in order to identify novel
regulatory strategies.
3. Function of inflammasome in the control of microbial infections
As an important component of innate immunity, inflammasomes are crucial in combating microbial infections. Studies showed that the NLRP3 inflammasome is essential in the immune response
against Influenza virus, Candida albicans et. al.. We will further investigate the function and mechanism of NLRP3 in the control of multiple critical microbial infections.
4. Pharmacological regulation of inflammasome
Since the NLRP3 inflammasome is involved in many physiological and pathological processes, it
is of great therapeutic value to identify small molecules to regulate its activity. We have established
screening system and will identify appropriate compounds to regulate the activity of the NLRP3 inflammasome.

Highlights of achievements and progress
1. The study of molecular mechanism of NLRP3 inflammasome activation
Enterovirus 71 (EV71) is the major etiological agent of hand, foot, and mouth disease (HFMD).
Early studies showed that EV71-infected patients with severe complications exhibited elevated
plasma levels of IL-1β, indicating that EV71 may activate inflammasomes. Our current study demonstrates that the NLRP3 inflammasome plays a protective role against EV71 infection of mice in
vivo. EV71 replication in myeloid cells results in the activation of the NLRP3 inflammasome and
secretion of IL-1β. Conversely, EV71 counteracts inflammasome activation through cleavage of
NLRP3 by viral proteases 2A and 3C, which cleave NLRP3 protein at the G493-L494 or Q225-
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G226 junction, respectively. Moreover, EV71 3C interacts with NLRP3 and inhibits IL-1β secretion when expressed in mammalian cells. These results thus reveal a set of reciprocal regulations
between enterovirus 71 and the NLRP3 inflammasome. This work has been published (Wang H#,
Lei X#, Xiao X, Yang C, Lu W, Huang Z, Leng Q, Jin Q, Bin He B, Meng G*, Wang J*  Reciprocal
Regulation between Enterovirus 71 and the NLRP3 Inflammasome. Cell Rep. 2015 Jul 7;12(1):42-8.
PMID: 26119741).

2. Function of inflammasome in response to Cryptococcus neoformans infection
Cryptococcus neoformans (C. neoformans) is an opportunistic fungal pathogen which causes Cryptococccosis in immunocompromised patients as well as immunocompetent individuals. Cryptococcal meningitis affects about a million HIV patients and causes more than 600 000 deaths in the
world yearly. However, host immune recognition of C. neoformans, especilly intracellular recognition, are not well studied. Inflammasome is responsible for intracellular recognition of invading
pathogens and is required for the maturation and secretion of proinflammatory cytokine IL-1β. Our
early study found that only the biofilm but not the yeast form of C. neoformans induced IL-1β production via NLRP3 inflammasome in human and mouse myeloid cells. Our recent study also reveal
that opsonization mediated internalization of encapular C. neoformans also activated the canonical NLRP3-ASC-caspase-1 inflammasome. In addition, the internalized C. neoformans activated
the noncanonical NLRP3-ASC-caspase-8 inflammasome as well, which resulted in robust IL-1β
secretion and cell death from caspase-1 deficient primary dendritic cells. Interestingly, we found
that caspase-1 was inhibitory for the activation of caspase-8 in dendritic cells upon C. neorformans
challenge. Further mechanistic studies showed that both the phagolysosome membrane permeabilization and potassium efflux were responsible for C. neoformans induced activation of either the canonical NLRP3-ASC-caspase-1 inflammasome or the noncanonical NLRP3-ASC-caspase-8 inflammasome. Collectively, these findings uncover a number of novel signaling pathways for the innate
immune response of host cells to C. neoformans infection, and suggest that manipulating NLRP3
signaling may help to control cryptococcosis. This work has been published (Chen M, Xing Y, Lu
A, Fang W, Sun B, Chen C, Liao W, Meng G*. Internalized Cryptococcus neoformans Activates
the Canonical Caspase-1 and the Noncanonical Caspase-8 Inflammasomes. J Immunol. 2015 Nov
15;195(10):4962-72. PMID: 26466953).
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Publications (2015)
1. Chen M, Xing Y, Lu A, Fang W, Sun B, Chen C, Liao W, Meng G*. Internalized Cryptococcus
neoformans Activates the Canonical Caspase-1 and the Noncanonical Caspase-8 Inflammasomes.  J Immunol. 2015 Nov 15;195(10):4962-72. PMID: 26466953.
2. Wang H#, Lei X#, Xiao X, Yang C, Lu W, Huang Z, Leng Q, Jin Q, He B, Meng G*, Wang J*.
Reciprocal Regulation between Enterovirus 71 and the NLRP3 Inflammasome. Cell Rep. 2015
Jul 7;12(1):42-8. PMID: 26119741.
3. Song L, Huang Y, Zhao M, Wang Z, Wang S, Sun H, Kan B, Meng G*, Liang W*, Ren Z*. A
critical role for hemolysin in Vibrio fluvialis-induced IL-1β secretion mediated by the NLRP3
inflammasome in macrophages. Front Microbiol. 2015 May 22;6:510. PMID: 26052324.
4. Cheng YL, Song LQ, Huang YM, Xiong YW, Zhang XA, Sun H, Zhu XP, Meng GX*, Xu JG*,
Ren ZH*. Effect of Enterohemorrhagic Escherichia coli O157:H7-Specific Enterohemolysin on
Interleukin-1β Production Differs between Human and Mouse Macrophages due to the Different
Sensitivity of NLRP3 Activation. Immunology. 2015 Jan 10. (IF=3.795). PMID: 25580516.
5. Guangxun Meng*, Caiqin Guo, Mingkuan Chen. Progress on the study of innate immune responses to Cryptococcus neoformans. Chin J Mycol,June 2015,Vol 10,No.4(193-196). Invited Review.
6. Junling Niu, Mingkuan Chen, Shuxian Wu, Guangxun Meng, Cunshuan Xu*, Ailing Lu*. Function of NLRP3 Inflammasome in Influenza Virus Infection. Chinese Journal of Cell Biology
2015, 37(4).DOI: 10.11844/cjcb.2015.04.0377.
7. Book chapter: Guangxun Meng* and Mingkuan Chen. ACTIVATION AND FUNCTION OF
INFLAMMASOMES DURING FUNGAL INFECTIONS. Inflammasomes: Mechanism of Action, Regulation and Role in Disease. Nova Science Publishers, Inc. 2015.
8. Meng GX*, Wang HB. GSDMD has been identified as a critical executor for pyroptosis and
interleukin-1beta secretion. SCIENTIA SINICA Vitae, doi: 10.1360/N052015-00303. Invited
Commentary.

66

Institut Pasteur of Shanghai, Chinese Academy of Sciences

Immune Signaling and Regulation Research Unit
Team members
Principal Investigator: Hui Xiao
Co-Principal investigator: Min Du
Research secretary: Jing Mu
Ph.D. students: Zihou Deng, Shixin Ma, Chun Zhou, Yadong Xie, Li He, Lei Shi, Xia Chen
M.S. students: Jinghua Liu, Tiantian Li, Ying Liu, Qianqian Wang, Congfang Hao

Research Objectives
The objective of our research is to decipher the signaling mechanisms by which innate receptors
(TLRs, CLRs, RLRs and CDSs) regulate innate and adaptive immune responses, thereby find novel
approaches to prevent or treat infectious diseases and cancers. Our main focus is to identify novel
regulators involved in the induction of cytokines IL-12, IL-6, IL-23 and IFNα/β by innate receptors,
thereby better understand the mechanism by which DCs direct distinct T cell responses to pathogens and cancers.

Highlights of achievements and progress
1. SHP-2 mediates dectin-induced Syk activation and anti-fungi Th17 response
C-type lectin receptors play critical roles in host defense against fungal pathogens, acting in collaboration with TLRs and NLRs. By recognizing fungal cell wall components β-glucan, mannan
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or glycolipid, CLRs dectin-1, dectin-2 and mincle trigger a unique signaling program, thereby
inducing anti-fungal innate and adaptive immune responses. However, the molecular and cellular mechanisms by which CLRs induce anti-fungal Th17 response remain unclear. We therefore
sought to identify new molecules involved in CLR signaling and identified SHP-2 as a novel adaptor of CLRs. Moreover, using DC-specific Shp-2 knockout mice, we formally demonstrated that
DC-derived CLR signals play a crucial role in the induction of anti-fungal Th17 response through
inducing cytokines IL-1, IL-6 and IL-23. Therefore, our study not only reveals a previously unappreciated mechanism by which SHP-2 mediates SYK activation, but also provides the first genetic
evidence supporting an indispensable role of DCs in the induction of Th17 responses upon fungal
infection (Figure 1, Deng Z et al, Nat. Immunol., 2015).

Fig1 - SHP-2 regulates CLRinduced activation of Syk kinase
and anti-fungal Th17 responses.

2. CK2 regulates virus-induced IFN production through a diversity of innate receptors
IFNα/β plays a critical role in host defense against virus infection. However, dysregulated interferon
expression has also been associated with autoimmune diseases, such as SLE. In addition to TLRs,
intracellular RNA/DNA sensors, such as RIG-I/Mda5 and cGAS/STING, have also been identified
as key innate receptors capable of triggering robust IFNβ production. We recently identified CK2 as
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a novel kinase regulating viruses-induced IFNα/β production. Mechanistically, we found that CK2
is critically involved in the regulation of TBK1 and IRF3 activation triggered by multiple innate receptors, such as TLR3/4, RIG-I and cGAS/STING. Importantly, we found that CK2 inhibitor TBB
can effectively block HCV infection, providing a new strategy to treat chronic HCV infection (Figure
2, Du M et al, J Immunol., 2015).

Fig2 - CK2 negatively regulates TBK1/IRF3-induced IFN responses in anti-viral defense

Grants
1. NSFC Key grant (2016.1-2019.12)  
“TLRs and CLRs coordinate anti-fungal Th17 response in skin DC compartments”
2. NSFC General Grant (2015.1-2018.12)
“mTOR in DCs regulates lipid metabolism and anti-viral immunity”
3. MOST 973 grant (2014.1-2018.12)
“The role of innate receptor signaling and type I interferon in the pathogenesis of SLE”
4. NSFC General Grant (2012.1 to 2015.12)
“The critical role of negative regulators of TLR/IL-1R signaling in controlling chronic inflammation”

Publications (2015)
1. Deng Z, Ma S, Zhou H, Zang A, Fang Y, Li T, Shi H, Liu M, Du M, Taylor PR, Zhu HH, Chen
J, Meng G, Li F, Chen C, Zhang Y, Jia XM, Lin X, Zhang X, Pearlman E, Li X, Feng GS, Xiao
H*. (2015) Tyrosine phosphatase SHP-2 mediates C-type lectin receptor-induced activation of
the kinase Syk and anti-fungal Th17 responses.Nat Immunol. 16:642-652. *Corresponding
author.

IPS 2015 Annual Report

69

RESEARCH GROUP REPORT

2. Du M, Liu J, Chen X, Xie Y, Yuan C, Xiang Y, Sun B, Lan K, Chen M, James SJ, Zhang Y, Zhong J,
Xiao H*. (2015) Casein Kinase II Controls TBK1/IRF3 Activation in IFN Response against Viral Infection.J Immunol. 194:4477-88.*Corresponding author.
3. He L, Zang A, Du M, Ma D, Yuan C, Zhou C, Mu J, Shi H, Li D, Huang H, Deng Q, Xiao J, Yan H,
Hui L, Lan K, Xiong S, Li X, Huang Z, Xiao H*. (2015) mTOR regulates TLR-induced c-fos
and Th1 responses to HBV and HCV vaccines. Virologica Sinica. 30:174-189.*Corresponding
author.
4. James SJ, Jiao H, Teh HY, Takahashi H, Png CW, Phoon MC, Suzuki Y, Sawasaki T, Xiao H,
Chow VT, Yamamoto N, Reynolds JM, Flavell RA, Dong C, Zhang Y. (2015) MAPK Phosphatase 5 Expression Induced by Influenza and Other RNA Virus Infection Negatively Regulates
IRF3 Activation and Type I Interferon Response.Cell Rep. 10:1722-34.
5. Zhao Q, Liang D, Sun R, Jia B, Xia T, Xiao H, Lan K. (2015) Kaposi's sarcoma-associated herpesvirus-encoded replication and transcription activator impairs innate immunity via ubiquitinmediated degradation of myeloid differentiation factor 88.J Virol. 89:415-27.

Invited presentations at professional international conference
1.  The annual meeting of Immunology at Institut Pasteur, France, 2015
2.  The 6th International Symposium on Modern Virology, Wuhan, China, 2015
3.  The International Immunology Forum, Jiaotong University, Shanghai, 2015

Collaborations
● Internal
Jin Zhong, Yan Zhang, Zhong Huang, Qibin Leng, Bing Sun, Changbin Chen, Guangxun Meng,
Bin Li, Ke Lan, Xiaoming Zhang.
● External
Xiaoxia Li (Cleveland Clinic Foundation, USA), Eric Pearlman (Case Western Reserve University,
USA), Gensheng Feng (University of California, San Diego, USA), Xin Lin (University of Texas,
Houston, USA).
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Anti-infection Immunity and Vaccine Research Unit
Team Members
Principal Investigator: Dongming Zhou
Research assistant: Caihong Zhu, Yufeng Song, Tao Cheng, Xiaoli Xia
Ph.D. students: Yudan Chi, Xiang Wang, Chao Zhang, Xinying Tang
M.S. students: Man Xing, Rui Zhu, Yan Zhang

Research Objectives
Vaccination is generally considered to be the most effective method of preventing infectious diseases or other diseases. Adenovirus(Ad) is one the most promising vectors in vaccine research and
clinical applications, which can induce not only potent humoral immune responses but also cellular
immune responses. It has therefore been widely used in basic and translational studies. The goal of
Dr. Zhou labis to generate novel Ad as gene transfer vehicles, and to establish platforms for vaccine development or molecular therapy based on recombinant Ad, and to explore the mechanisms
involved in novel vaccines or gene therapy methods.Currently, studies in the lab are focusing on
the cloning of novel chimpanzee Ads as gene delivery vehicles and the application of these novel
vectors in anti-infection or anti-cancer researches. Main achievements include: (1) Novel Ad vector platforms including AdC68, AdC6 and AdC7, et al were set up via isothermal assembly method.
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(2) Novel vaccines against influenza, rabies, HFMD, etc. were developed and tested in pre-clinical
studies. Collaborating with a biotech company, the novel rabies vaccine is moving into clinical trial. (3) Several novel cancer vaccines with promising results were developed. (4) A novel infection
model, termed as repeated low-doseinfluenza virus Infection, was established. It provides a more
stringent infection model for preclinical influenza vaccine evaluation.

Highlights of Achievements and Progress
1. Generation of novel chimpanzee Ad vectors
Ad vectors have yielded promising results as carriers for vaccine development and gene transfer.
Until now, most of Ad vectors originated from human serotype 5 (AdHu5). However, AdHu5 is a
ubiquitous common cold virus, and 40–60% of humans have AdHu5-specific neutralizing antibodies. Because pre-existing immunity dampens the efficiency of gene transfer and increases vectormediated toxicity, the clinical use of AdHu5 is limited. Several approaches to circumvent this
limitation have been explored, including modification of the AdHu5 capsid and development of Ad
vectors based on rare human serotypes or serotypes from other species.
In our lab, we constructed various Ad vectors from nonhuman Ad serotypes for vaccine development and gene therapy via isothermal assembly, a new method firstly developed in our lab for rapid
and efficient manipulating Ad genome.Until now, we have finished constructing several Ad molecular clones derived from chimpanzee serotypes including AdC68, AdC6 and AdC7, and used them
for vaccine development and gene therapy.
2. Novel strategy against influenza based on RNAi and Ad delivery system
Influenza virus (IV) infection is a major public health problem, causing millions of cases of severe
illness and as many as 500,000 deaths each year worldwide. Given the limitations of current antiinfluenza virus strategies, the need for novel strategies for prevention and treatment of IV is urgent.
RNA interference (RNAi) is an emerging technology that suppressing virus replication in vitro and
in vivo effectively. In this project, we aim to develop a novel strategy against influenza based on
RNAi and Ad delivery system.
We designed several artificial miRNAs (amiRNAs) specifically targeting conserved regions of the
IV genome, and found they could effectively inhibit virus replication in human embryonic kidney
293 cells. Moreover, our results demonstrated that prophylactic treatment with AdC68 expressing
amiRNAs directed against M1, M2 or nucleoprotein genes of IV completely protected mice from
homologous A/PR8 virus challenge and partially protected the mice from heterologous influenza A
virus strains such as H9N2 and H5N1. Collectively, our data demonstrate that amiRNAs targeting
the conserved genes of influenza A virus delivered by Ad vectors could be pursued as a novel strat-
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egy for prophylaxis of IV infection in humans and animals (Gene Ther. 2015; 22(8):653-62).
Then we designed several amiRNAs targeting conserved regions among different clades of H5N1
hemagglutinin. Expression and delivery efficiency were enhanced by presenting functional amiRNA
with AdC68 vector. One amiRNA, HA-1405, significantly inhibited H5N1 replication in vitro and the
inhibition efficiency was up to 95% against clade2.3.2 H5N1. Treatment with AdC68 conjugated HA1405, termed as AdC68(HA-1405), almost abolished viral structural protein expression as well as virus growth in A549 cell line. Moreover, prophylactic administration with AdC68(HA-1405) markedly
alleviated clinical symptoms and reduced five to forty fold of lung viral titers against four clades of
H5N1 in ICR mice. Our results further showed that AdC68(HA-1405) conferred 70% and 40% immediate protection against lethal clade2.3.2 and clade2.3.4 H5N1 challenge respectively. Taken together,
these data provided information that HA-targeting amiRNA delivered by AdC68 could be considered
as a potential agent for highly pathogenic avian influenza prevention and treatment.
3. Adenoviral vector mediated cancer gene therapy
Gene therapy has been tested for certain cancers for decades and still needs to be improved for efficiency. Ad vector has been attracted much attentions on cancer gene therapy due to its large cloning
capacity, efficient transduction, and producing high titer stocks, etc. In this project, we aim to generate novel anti-cancer methods based on Ad vectors.
Cetuximab is a mouse-human chimeric monoclonal antibody, approved for marketing to treat patients with advanced colorectal cancer, head and neck squamous cell carcinoma and metastatic nonsmall cell lung cancer in several countries around the world. It works by blocking the epidermal
growth factor receptor (EGFR) from receiving signals or interacting with other proteins to promote
its normal function. Thedemand of cetuximab is increasing in clinic for treating patients with certain cancers due to its specificity and sufficient effect. However, the complicated technologies and
high cost limit its application. Here, we generated an Ad-mediated full-length antibody cetuximab
for cancer gene therapy, results in rapid, high-level antibody expression after single intramuscular
injection at a low cost. The full-length gene cetuximab was cloned into two serotypes of Ad vector, respectively, termed AdC68-CTB and Hu5-CTB. The indirect fluorescence assay and binding
ELISA were performed to verify binding specificity and affinity, results showed that cetuximab
expressed by both recombinant Ads carries the same bioactive as the commercial one,Erbitux. After
infected with AdC68-CTB or Hu5-CTB, the viability of colorectal cancer cells NCI-H508 and DiFi
were inhibited, and the cells displayed the phosphorylation status of EGFR and its downstream effectors mitogen-activated protein kinase kinase (MEK) and extracellular signal-regulated kinase
(ERK) down-regulated. Our results further showed that a single administration of AdC68-CTB or
Hu5-CTB induced sustained experssion of cetuximab at a high serum level in nude mice, and tumor
volume were dramatically reduced in NCI-H508 or DiFi-inoculated nude mice after treatment with
AdC68-CTB or Hu5-CTB. In conclusion, gene therapy using Ad expressing full-length cetuximab
could be a novel alternative method to effectively treat colorectal cancer.
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Publications (2015)
1. Song Y, Wang X, Zhang H, Tang X, Li M, Yao J, Jin X, Ertl HC, Zhou D*. Repeated LowdoseInfluenza Virus Infection Causes Severe Disease in Mice: a Model for Vaccine Evaluation.
J Virol. 2015; 89(15):7841-51.
2. Zhang H, Tang X, Zhu C, Song Y, Yin J, Xu J, Ertl HC, Zhou D*. Adenovirus-mediated artificial MicroRNAs targeting matrix or nucleoprotein genes protect mice against lethal influenza
virus challenge. Gene Ther. 2015; 22(8):653-62.
3. Zhang C, Yang Y, Chi Y, Yin J, Yan L, Ku Z, Liu Q, Huang Z*, Zhou D*. Hexon-modified recombinant E1-deleted adenoviral vectors as bivalent vaccine carriers for Coxsackievirus A16
and Enterovirus 71.Vaccine. 2015 Aug 19. pii: S0264-410X(15)01130-5.
4. Zhang C, Zhu R, Yang Y, Chi Y, Yin J, Tang X, Yu L, Zhang C*, Haung Z*, Zhou D*. Phylogenetic analysis of the major causative agents of hand, foot and mouth disease in Suzhou city,
Jiangsu province, China, in 2012–2013. Emerg Microbes Infect.2015,4:e12. doi:10.1038/
emi.2015.12

Patents and patent applications (2015)
1. Dongming Zhou, Yudan Chi, Fei Deng, Ke Lan. A novel rabies vaccine based on chimpanzee
adenoviral vector.  China patent No. 201310362921.8 (issued on June 17, 2015).
2. Dongming Zhou, Man Xing. A gene therapy method based on Adenovirus-mediated full-length
antibody Cetuximab for colorectal cancer.  China patent application No. 201510308359.X.

Major research funding
1. National Natural Science Foundation of China:  01/2014-12/2017
Development of universal influenza vaccine based on multigene expression vector
Role: Principal Investigator
2. Ministry of Science and Technology, China-863 mega program: 01/2014-12/2016  
Development of therapeutic biological macromolecules and optimization of serum-free medium
Role: Principal Investigator
3. STS program of Chinese Academy of Science:  01/2014-12/2016  
Development of novel human rabies vaccine based on VLP
Role: Principal Investigator
4. “100 Talents” Scholar program of Chinese Academy of Sciences:  01/2013-12/2015
Universal influenza vaccine based on chimpanzee adenoviral vectors
Role: Principal Investigator
5. National Natural Science Foundation of China:  01/2012-12/2015
Development of a novel adenoviral vector based on synthesized genome
Role: Principal Investigator
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Anti-Infective Research Unit
Team members
Principal Investigator: Ralf Altmeyer
Co-Principal Investigator: Gang Zou, Ph.D.
Lab secretary: Yimei Zheng
Research Assistant: Peijun Ren
Ph.D students: Benjamin Bailly
M.S students: Shilin Yuan, Yizhuo Wang
Co-supervising students: Ying Wang, Qianqian Gao, Rui Cui, Guiming Li

Research Objectives
The overall objective of the unit is the identification of novel target and drug candidates for infectious diseases with unmet medical need. The unit’s approach is driven by the early identification of
the therapeutic effect of molecules from approved drug and natural compound libraries as well as development stage or probe compounds with defined MoA. Molecules with therapeutic effect in relevant
culture and animal models are pursued for target identification and mechanism of action studies.
Target and drug identification research is accompanied by clinical research to better understand the
target to treat population in order to guide the drug candidate selection at early stage, i.e. to test the
potency on recently circulating strains, the compatibility of approved drugs with underlying disease
or concomitant treatment.

Highlights of Achievements and Progress
Project 1: Clinical Research on EV71: Factors of severe disease
Objective: Identify the target population for treatment, recently circulating viruses and their sus-
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ceptibility to candidate drugs, and factors underlying severe EV71 infection with neurological and
cardiopulmonary complications.
Achievements:
1. We identified that children of rural-to-urban migrant workers in China are at a higher risk of
contracting severe hand, foot and mouth disease and EV71 infection.
2. We identified that the seropositive rate of EV71 NAb prior to the 2011 season was inversely
correlated with the number of EV71-infected severe cases in 2011. Loss of maternal antibodies
in infants and lack of acquired anti-EV71 immunity are responsible for increased proportion of
severe HFMD in the 1–2 years age group. Our data suggest that future vaccination campaigns
should be initiated as early as 6 months.
3. We identified jointly with the IP Cambodia that the etiological agent of the 2012 outbreak of a
transmissible disease with severe neurological complications was caused a by EV71 C4 genotype virus, similar to the viruses circulating in Vietnam and China.
Collaborations:
1. Mei Zeng (Department of Infectious Diseases, Children’s Hospital of Fudan University)
2. Philippe Buchy (Institut Pasteur Cambodia)
3. Hongjie Yu (China CDC)
Project 2: Target and drug discovery for EV71 using approved drug libraries
Objective: Identify a clinical candidate with animal proof of concept, an acceptable drug profile for
the treatment of children and determined mechanism of action for the prophylaxis and treatment of
EV71 infections.
Achievements:
We found that the approved pediatric antiparasitic drug suramin blocked EV71 infectivity by a novel mechanism of action that involves specific binding of suramin to the viral capsid. Moreover, we
demonstrate that when suramin is used in vivo at doses equivalent to or lower than the highest dose
already used in humans, it significantly decreased mortality in mice challenged with a lethal dose
of EV71 and peak viral load in adult rhesus monkeys. Thus, suramin inhibits EV71 infection by
neutralizing virus particles prior to cell attachment. Consequently, these findings identify suramin
as a clinical candidate for further development as a therapeutic or prophylactic treatment for severe
EV71 infection.
Awards:
BIOVISION 2013 Award: Development of Small-molecule Therapeutic against Hand, Foot and
Mouth Disease. http://www.biovision.org/focus1-catalyzer-new.html
Collaborations:
1. Mark von Itzstein (Institute for Glycomics, Griffith University)
2. Jian Li & Henry Lu (State Key Laboratory of Lead Compound Research, WuXi AppTec, Co.,
Ltd., Shanghai, China.)
3. Qihan Li (Institute of Medical Biology, Chinese Academy of Medicine Science, Kunming, China.)
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Project 3: Target and drug discovery for paramyxoviruses RSV and PIV using approved drug
libraries, natural products and tool compounds
Objective: Identification of novel molecules with animal proof of concept and novel mechanism of
action for the treatment of paramyxovirus infections.
Achievements:
1. We identified a natural product with excellent potency (nM IC50) and efficacy in the mouse
mode against RSV. Using resistant mutants we identified a novel viral drug target that is currently undergoing validation.
2. We identified a synergistic combination of approved drugs with potency against PIV-3. Using
STD-NMR we identified PIV-3 HN as the target for one of the approved drugs.
Collaboration:
Mark von Itzstein (Institute for Glycomics, Griffith University)

Publications (2015)
1. Bailly B, Dirr L, El-Deeb IM, Altmeyer R, Guillon P, von Itzstein M. A dual drug regimen synergistically blocks human parainfluenza virus infection. Sci Rep. 2016. 6:24138.
2. Wang Y, Cui R, Li G, Gao Q, Yuan S, Altmeyer R, Zou G. Teicoplanin inhibits Ebola pseudovirus infection in cell culture. Antiviral Res. 2016. 125:1-7.
3. Yuan S, Li G, Wang Y, Gao Q, Wang Y, Cui R, Altmeyer R, Zou G. Identification of Positively
Charged Residues in Enterovirus 71 Capsid Protein VP1 Essential for Production of Infectious
Particles. J Virol. 2015. 90(2):741-52.
4. Wang Y, Zou G, Xia A, Wang X, Cai J, Gao Q, Yuan S, He G, Zhang S, Zeng M, Altmeyer R.
Enterovirus 71 infection in children with hand, foot, and mouth disease in Shanghai, China: epidemiology, clinical feature and diagnosis. Virol J. 2015. 12:83.
5. Gao Q, Yuan S, Zhang C, Wang Y, Wang Y, He G, Zhang S, Altmeyer R, Zou G. Discovery of
itraconazole with broad-spectrum in vitro antienterovirus activity that targets nonstructural protein 3A. Antimicrob Agents Chemother. 2015. 59(5):2654-65.
6. Wang L, Clavaud C, Bar-Hen A, Cui M, Gao J, Liu Y, Liu C, Shibagaki N, Guéniche A, Jourdain R, Lan K, Zhang C, Altmeyer R, Breton L. Characterization of the major bacterial-fungal
populations colonizing dandruff scalps in Shanghai, China, shows microbial disequilibrium. Exp
Dermatol. 2015. 24(5):398-400.

Translational research
Patent titled with “COMPOSITIONS AND METHODS TO TREAT VIRAL DISEASES”
(WO/2013/131496,PCT/CN2013/072402) was successfully transferred to Hainan HONZ pharmaceutical Co., LTD, resulting in 18 million RMB payment.
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Innate Defense and Immune Modulation Research Unit
Team members
Principal Investigator: Xiaoming Zhang
Research assistants: Ying Zhang, Chenrui Zhu
Postdoctoral fellow: Shyamal Goswami
Ph.D. students: Yiyuan Fang, Dianhui Shao, Youping Wang, Mei Liu, Huihui Xu, Liang Guo,
Meng Duan, Yan Ye, Chunmei Wu
M.S. students: Jing Wang, Chengwu Tao, Yulin Mao, Xuan Pei

Research Objectives
The first goal of our unit is to understand immune regulatory roles of B cells in infectious and
autoimmune diseases, with a combined strategy of mouse models and human studies. In addition
to antibody production, B cells also actively take part in the immune regulation, by playing either a
negative or positive role. However, the underlying mechanisms to the development and activation
of regulatory functions of B cells are poorly understood. The second goal is to develop a systematic strategy to study human immunology in health and disease. We have developed a powerful
platform “Immune Cellomics” to map all types of human immune cells and their subsets. With this
platform, we first identify disease-specific immune cells/subsets, followed by in-depth analysis of
their functions and molecular signatures, with the purpose to identify key pathogenic mechanisms
and novel theranostic and prognostic immune biomarkers.
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Highlights of Achievements and Progress
1. Role of mTOR-GSK3b pathway in the development and activation of regulatory B cells
IL-10 production is a hallmark of Bregs, and the generation of Bregs depends on the types of B cell
subsets and stimulations. We are particularly interested in the “innate Bregs” as this cell type is highly relevant to infectious diseases. While IL-10 is a critical molecule in immune regulation, it is not
clear how IL-10 expression is regulated at molecule level in innate Bregs. Our strategy to first use in
vitro/ex vivo methods to identify molecular pathway candidate and then validate it at in vivo level.
We have screened a panel of kinase inhibitors and identified mTOR-GSK3b pathway is critical for
IL-10 production in TLR-activated murine B cells. We are generating a series of B cell-conditional
knockout mice with a deficiency of mTOR-related kinases, including TSC1 cKO, mTOR cKO and
GSK3b cKO mice. We have identified an unexpected role of mTOR pathway in the control of Breg
generation, with a good correlation between development and functionality. We are currently using
these cKO mice to study the immunoregulatory roles of B cells by using in vivo acute inflammation
or infectious models. We believe that this study will clarify the role of mTOR-GSK3b axis in the
generation, activation and immunoregulation of IL-10-producing Bregs.
2. Phenotypic and functional characterization of human B cell subsets
While there are some common features between mouse and human B cells, due to different life span
and heterogeneous genetic backgrounds, human B cell compartment is quite different from mice. Despite several existing systems have been used to understand and classify human B cell subsets, there
is no consensus one to encompass all types of B cells at different stage. We are planning to develop
a comprehensive human B cell classification system used to study human B cells and their functions
at health and disease states. By using an advanced flow cytometry technique, we have established a
B cell staining panel to simultaneously check more than 15 markers. We first validated this staining
panel in healthy donors and then applied it into two diseases: Sepsis and SLE.
Sepsis is defined as systemic manifestations of infection with the presence of organ dysfunction.
Sepsis is the leading cause of mortality in most intensive care units (ICUs) with the death rate ranging from 25% to 50%. The course of sepsis can be defined as early “pro-inflammatory response
phase” and late “immune suppressive phase”, and immune suppression is the key to the death of
sepsis patients. However, there is limited study to decipher the immune regulatory mechanisms in
severe sepsis. As B cells can be directly respond to innate stimulation, we have performed preliminary studies to check B cell compartment in patients with sepsis. To our surprise, we have found a
large numbers of plasmablasts present in peripheral blood in septic patients correlated with an unfavorable prognosis. We also observed this similar phenomenon in the mouse sepsis model. We are
currently investigating the pathophysiological roles of these plasmablasts cells in sepsis.
B cells play an important role in the disease initiation and development in SLE. However, a complete picture of dysregulated B cell subsets is missing. We used a similar strategy to study B cell
compartment in primarily diagnosed or relapsed SLE patients. We found that even though the clinical symptoms were similar for the majority of the patients, the changes in the B cell compartment
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were quite heterogeneous. We have identified several disease-specific B cell subsets and currently
we are performing extensive functional and mechanistic studies.
3. Development of a platform of “Immune Cellomics”
The final project in our unit is to develop a platform of “Immune Cellomics”, which is based on
Super-complex Flow Cytometry and Multi-Staining Immunohistochemistry, with a goal to identify
disease-specific immune cells or their subsets using a limited volume of human blood and/or tissue.
Combined with functional and molecular studies, as well as bioinformatic tools, a precise immunology map will be finally defined.  

Publications (2015)
1. Dong Z, Gong K, Huang D, Zhu W, Sun W, Zhang Y, Xin P, Shen Y, Wu P, Li J, Zhang XM*,
Wei M* Myocardial infarction accelerates glomerular injury and microalbuminuria in diabetic
rats via local hemodynamics and immunity. Int J Cardiol, 2015, 179:397-408. (*: Corresponding
author)
2. Zhang XM, Mozeleski B, Lemoine S, Dériaud E, Lim A, Zhivaki D, Azria E, Le Ray C, Roguet
G, Launay O, Vanet A, Leclerc C, Lo-Man R. CD4 T cells with effector memory phenotype and
function develop in the sterile environment of the fetus. Sci Transl Med. 2014, 6(238):238ra72.
3. Zhang XM, Casartelli N, Lemoine S, Mozeleski B, Azria E, Le Ray C, Schwartz O, Launay O,
Leclerc C, Lo-Man R. Plasmacytoid dendritic cells engagement by influenza vaccine as a surrogate strategy for driving T-helper type 1 responses in human neonatal settings.  J Infect Dis.
2014, 210(3):424-434.

Translational research
We have applied the research strategy of “Immune Cellomics” to map human immune status in several human key diseases, including Tuberculosis, Sepsis, Systemic lupus erythematosus (SLE) and
Hepatocellular carcinoma (HCC). A panel of disease-specific immune cell subsets has been identified. Currently we are dissecting their in-depth properties at both functional and molecular levels.
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Respiratory Infection and Immunity Research Unit
Team members
Principal Investigator: Xiao Su
Lab Manager: Yiyi Jiang
Assistant Researcher: Ling Li
Postdoctoral fellow: Caixia Di, Shuru Zhou
M.S.-Ph.D. students: Caiqi Zhao, Yuanyuan Huang, Yang Xi           
M.S. students: Mengyao Pan, Peiyu Sun, Tianyun Shi

Research Objectives
Our research interests have been focusing on vagal neural regulation on lung infection, inflammation and immunity. We postulated that lung vagal sensors at afferent arm, α7 nicotinic acetylcholine
receptor (nAChR)-expressing cells at efferent arm, and the brain information integrating center
form a pulmonary parasympathetic inflammatory reflex. Based on this hypothetical model, we
found that important roles of vagus nerve via α7 nAChR in regulating bacterial or viral lung infection and inflammation, lung fibrosis, and migration of proinflammatory cells and stem (progenitor)
cells. Particularly, we have found that (i) during lung bacterial infection or LPS challenge, vagal
signals engage with AKT1 in splenic α7 nAChR+CD11b+ cells to confine the cell migration toward
inflammatory site and therefore lessen lung infection and inflammation. In contrary, disruption of
vagal circuits worsens acute lung infection and inflammation by recruiting α7 nAChR+CD11b+ cells
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from spleen to the inflamed lung. Activation of α7 nAChR could enhance anti-inflammatory memory in macrophages by reducing H3K9ac and H4K12Ac and enhancing H3K27me3 via regulating expression of HDAC9 and JMJD3. (ii) In lung fibroblasts, activation of α7 nAChR promotes TGF-β
signaling by upregulating Smad phosphorylation and transcription of profibrotic genes (Acta2, Col1a1, and Fsp1). Knockout of α7 nAChR suppresses transcription of fibrosis-related genes and lessens bleomycin-induced lung fibrosis. (iii) In lung type II epithelial cells, activation of α7 nAChR
promotes replication of influenza A virus (IAV) via PTP1B-mediated degradation of IFNAR1 and
compromising interferon-β signaling. Deficiency of α7 nAChR reduces lung viral titer and severity
of lung injury and improves survival in IAV-challenged animals. In macrophages, activation of α7
nAChR boosts IL-4-induced alternative macrophage polarization under IAV infection via AKT1FOXO1 signaling.  We are also investigating how vagal circuits-α7 nAChR signaling contributes
to sensing pathogenic or inflammatory stimuli in the airspaces of lung and transmitting into the
information to the integrating center of brain. Better understanding regulation of vagal signals-α7
nAChR pathway on lung infection, inflammation, and immunity will provide us unprecedentedly
recognized mechanisms and therapeutic targets for combating ALI.

Highlights of Achievements and Progress
1. Postulate a novel theory that pulmonary parasympathetic inflammatory reflex helps hosts
sensing, recognizing, and responding to pathogens.
Classical cholinergic anti-inflammatory pathway (CAP) theory was mostly tested in the experimental models of sepsis (intravenous LPS) or CLP peritonitis animal models in which spleen is required
for dampening inflammation; however, these models only present mild lung inflammation which is
manifested by a less impressive intra-alveolar inflammation and hyaline membrane formation. Different from the regulatory effects of the classical CAP on sepsis, vagus nerve might modulate lung
infection and inflammation using new machinery: pulmonary parasympathetic inflammatory
reflex.
The pulmonary parasympathetic inflammatory reflex may consist of three components: the afferent arc residing in the distal airway or alveolus; the NTS information-integrating center in the brain
stem; the efferent arc innervating the distal lung epithelial cells.  Vagus nerve endings are reported
to be innervated in the distal airway of the lung, especially in the alveoli, where variety of sensors
or PRR in the vagal afferent arc is located. Via this apparatus, mechanical, chemical, biological,
and other stimuli in the alveoli can be sensed. Sensory neurons express TLR3, 4, 7, and 9, which
can recognize different pathogens. Lung neuroendocrine cells also are complex airway sensors,
which are predominantly innervated by vagal afferent fibers derived from the nodose ganglion.  
The information is transmitted via the afferent arm to NTS, a processing center, which is capable of
differentiating types of infection, inflammation, or challenges.  After processing, the active potentials are remitted from NTS to the alveoli via the vagal efferent arc. The vagal nerve endings could
synthesize and release of ACh, which in turn activates α7 nAChR in the proinflammatory cells (eg.
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macrophages, neutrophils) or epithelial cells to regulate the production of proinflammatory cytokines via NF-kB or other signaling pathways.
2. Uncover the mechanisms that dysfunction of CFTR in neutrophils and platelets could
worsen acute lung inflammation.
In line with our previous work, we put forward a hypothetical model to illustrate the possible
mechanisms by which dysfunction of CFTR in macrophages, neutrophils and platelets contributes
to imbalance of inflammatory responses and lipid mediators and worsens acute lung inflammation: (i)
CFTR-deficient macrophages are more proinflammatory compared to wildtype macrophages under
LPS or bacterial challenge; (ii) In response to LPS challenge, neutrophils release arachidonic acid,
which is rapidly converted into thromboxane A2 (TXA2) catalyzed by cyclooxgenase-1 (COX1). TXA2 is an inducer of intravascular aggregation of platelets, which can be inhibited by aspirin.
Thromboxane B2 (TXB2) is a stable metabolite of TXA2; (iii) Neutrophils and endothelial cells
release lysophosphatidylcholine (Lyso-PC), which can be converted into PAF via Lyso-PC acetyltransferase (LPCAT) catalysis.  PAF is a potent platelet aggregator, which can be antagonized by a
specific PAF antagonist-WEB2086.  Deactivation of PAF by PAF-AH in platelets is a key step for
limiting platelet activation. PAF-AHdeactivates PAFinto the biologically inactivelyso-PAF and this
process can be blocked by MAFP; (iv) Neutrophils express PSGL-1, which directly bind p-selectin
presented on the platelets to induce platelet aggregation, which can be blocked by anti-PSGL-1
antibody; (v) LPS-challenged F508del (CFTR deficiency) mice developed severe thrombocytopenia and had higher levels of plasma TXB2 coincided with neutrophilic lung inflammation relative
to wildtype control. Inhibition of F508del platelet aggregation or depletion of F508del neutrophils
diminished the LPS-induced lung inflammation in the F508del mice; and (vi) Blocking PSGL-1
or PAF in F508del mice diminished and alveolar neutrophil transmigration in the LPS-challenged
F508del mice.

Publications (2015)
1. Gao Z, Su X*. CFTR regulates acute inflammatory responses in macrophages. QJM: An International Journal of Medicine. 2015;108(12):951-8*Corresponding author.
2. Wu HY, Li L, Su X*. Vagus nerve through α7 nAChR modulates lung infection and inflammation: models, cells, and signals. Biomed Res Int. 2014; 2014:283525 *Corresponding author.
3. Yang X, Zhao CQ, Gao ZW, Su X*. A novel regulator of lung inflammation and immunity: pulmonary parasympathetic inflammatory reflex. QJM: An International Journal of Medicine.
2014; 107:789-792 *Corresponding author.
4. Wu H, Yang J, Su EM, Li L, Zhao CQ, Yang X, Gao ZW, Pan MY, Sun PY, Sun W, Jiang Y, Su
X*. Lipoxin A4 and platelet activating factor are involved in E. coli or LPS-induced lung inflammation in CFTR-deficient mice. PLoS One 2014; 9: e93003. *Corresponding author.
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5. Zhao C, Su EM, Yang X, Gao Z, Li L, Wu H, Jiang Y, Su X*. Important Role of Platelets in
Modulating Endotoxin-Induced Lung Inflammation in CFTR-Deficient Mice. PLoS One. 2013;
8:e82683. *Corresponding author.
6. Su X*, Feng X, Terrando N, Yan Y, Chawla A, Koch LG, Britton SL, Matthay MA, Maze M.
Dysfunction of Inflammation-resolving Pathways is associated with Exaggerated Postoperative
Cognitive Decline in a Rat Model of Metabolic Syndrome. Mol Med. 2013; 18: 1481-90. *Corresponding author.
7. Feng X, Degos V, Koch LG, Britton SL, Zhu Y, Vacas S, Terrando N, Nelson J, Su X, Maze M.
Surgery Results in Exaggerated and Persistent Cognitive Decline in a Rat Model of the Metabolic Syndrome. Anesthesiology. 2013; 118:1098-105.
8. Su X*. Leading neutrophils to the alveoli: who is the guider? Am J Respir Crit Care Med. 2012;
186:472-3. *Corresponding author.

Translational research
We are focusing on a novel way to reducing influenza viral infection and inflammation by interfering viral replication in the lung epithelial cells and alternative macrophage activation of macrophages.
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Viral Disease and Vaccine Translational Research Unit
Team Members
Principal Investigator: Xia Jin
Research Assistant: Jin Sun
Postdoctoral fellow: Ran Liu
Ph.D. students: Min Li, Chao Zhang, Jiayi Shu, Huabin Liang, Ruohen Yang, Zhihua Liu
M.S..students: Wei Shen, Haitao Liu, Xin Wang, Yinan Wang

Research Objectives
The Viral Disease and Vaccine Translational Research Unit was established in 2012 by Dr. Xia
Jin after his returning from the United States.  The unit focuses on the investigation of viruses that
cause human infections including Human immunodeficiency virus, dengue viruses, hepatitis C virus and Zika virus.   Specific research projects include the study of pathogenesis, immunology of
these viruses and genetic engineering of novel vaccines against these viruses.

Highlights of Achievements and Progress
Recently, we have published a couple of important HIV papers demonstrating the (1) BMI and sex
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have significant impacts on DNA vaccine induced HIV-specific T cell responses in human volunteers (Jin, Vaccine, 2015); and (2) Sequential immunization with adenovirus vector expressing different HIV env antigens boosted T cell responses to epitopes that are conserved between variant
env sequences (Walsh, J Inf Dis, 2016).

Collaborations
●  USA collaborations:
University of Seatle: Cecilia Morgan, Xuesong Yu, Stephen DeRosa, Larry Corey, James Kublin,
Zoe Moodie, Andrew Gartland, Juliana McElrath
University of Rochester: Michael Keefer
Harvard University: Stephen R. Walsh, Lindsey R. Baden
University of Pennsylvania: Marissa B. Wilck,
Columbia University: Scott Hammer,
University California at San Francisco: Susan Buchbinder,
Vanderbilt University: Spyros Kalams,
University of Alabama: Paul Goepfert,
Emory University: Mark J. Mulligan,
Duke University: Hua-xin Liao, David C. Montefiori, Georgia D. Tomaras
NIAID Vaccine Research Center: Barney S. Graham
●  China collaborations:
Internal collaboration: Dongming Zhou, Zhong Huang, Jin Zhong, Jianhua Wang, Pei Hao
Other investigators:
Jinli University:Jiunqi Niu, Zhengkun Tu
Military Academy of Science:Yunshen Zhou, Zhihua Kou of s
Fudan University: Shibo Jiang
Institute of Cell and Molecular Biology, SIBS: Chen Wang

Publications (2015)
1. Xia Jin, Min Lee, Jiayi Shu. Dengue fever in China: an emerging problem demands attention.
Emerging Microbe and Infection. 2015.Jan;4(1):e3.
2. Xia Jin, Cecilia Morgan, Xuesong Yu, Stephen DeRosa, Larry Corey, James Kublin, Michael
Keefer, and the NIAID HIV Vaccine Trials Network. Analysis of DNA Vaccine-Induced T Cell
Responses to HIV Antigens Across 10 Phase I/II Human Clinical Trials in Healthy Volunteers.
Vaccine. 2015. 33: 2347-2353.
3. Yi Yang, Weilai Sun, Jingjing Guo, Guangyu Zhao, Shihui Sun, Hong Yu,Yan Guo，Jungfeng
Li, Xia Jin, Lanying Du, Shibo Jiang, Zhihua Kou, Yusen Zhou. In silicodesign of a DNA-based

86

Institut Pasteur of Shanghai, Chinese Academy of Sciences

4.

5.

6.

7.
8.

9.

HIV-1 multi-epitope vaccine for Chinese populations. Human Vaccine. 2015. Mar 4;11(3):795805.
75.Chao Zhang, Zhiqiang Ku, Qingwei Liu, Xiaoli Wang, Xiaohua Ye, Dapeng Li, Xia Jin,
Zhong Huang. High-yield production of recombinant virus-like particles of enterovirus 71 in
Pichia pastoris and their protective efficacy against oral infection in mice. Vaccine, 2015. May
11;33(20):2335-41.
Yufeng Song, Xiang Wang, Hongbo Zhang, Xinying Tang, Min Li, Jufang Yao, Xia Jin, Hildegund Ertl, and Dongming Zhou. Repeated Low-dose Influenza Virus Infection Causes Severe
Disease in Mice: a Model for Vaccine Evaluation. J Virol. 2015. May 20. pii: JVI.00976-15.
Huabin Liang, Min Lee, Xia Jin. Guiding dengue vaccine development using knowledge gained
from the success of the yellow fever vaccine. 2015. Cellular and Molecular Immunology.
Doi:22/8/15/00:01:51.
Haitao Liu, Wei Shen, Jiayi Shu, Xia Jin. The role of CD4+ T cells in the development of an efficacious HIV vaccine. 2015. Clinical and Cellular Immunology.
Stephen R. Walsh, Zoe Moodie, Andrew Gartland, Cecilia Morgan, Marissa B. Wilck, Scott
Hammer, Susan Buchbinder, Spyros Kalams, Paul Goepfert, Mark J. Mulligan, Michael C.
Keefer,Lindsey R. Baden, Edith M. Swann, Hasan Ahmed, Fusheng Li, Tomer Hertz, Steven
G. Self, Hongwei Wang, , David Friedrich, Nicole Frahm, Hua-xin Liao, David C. Montefiori,
Georgia D. Tomaras, John Hural, M. Juliana McElrath, Barney S. Graham, Xia Jin, the HVTN
083 Study Group, and the NIAID HIV Vaccine Trials Network. Vaccination with heterologous
HIV envelope sequences and heterologous adenovirus vectors increases T cell responses to conserved regions (HVTN 083). J Inf Dis, 2016 Feb 15;213(4):541-50
Xiao-Xin Ren, Hai-Bo Wang, Chuan Li, Jin-Feng Jiang, Si-Dong Xiong, Xia Jin, Li Wu, JianHua Wang.  HIV-1 Nef-associated factor 1 enhances viral production by interacting with CRM1
to promote nuclear export of unspliced HIV-1 gag mRNA. JBC. Published on January 5, 2016
http://www.jbc.org/cgi/doi/10.1074/jbc.M115.706135.

Translational research
Completed a phase I clinical trial of HIV vaccine, in collaboration with the HVTN (HIV Trials Network) of the NIAID (National Institute of Allergy and Infectious Diseases, US).
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Human Parasite Molecular and Cell Biology
Team members
Principal Investigator: Lubin Jiang
Co-Principal Investigator: Xueyu Dai
Research Assistant: Jiping Han
Ph.D. students: Xiu Cheng, Qingqing Jing, Shigang Yin, Zhenghui Huang, Maoxin Sun, Bo Xiao
M.S. students: Qi Wang, Zhou Li, Zihao Fang, Mingli Shi
Joint training students: Liangliang Zhang, Jichen Qiao

Research Objectives
Both eukaryotic and prokaryotic pathogens infect host stably via an immune evasion mechanism
termed mutually exclusive expression. Nowadays, little is known about this epigenetic mechanism,
largely limiting understanding of pathogenesis of many bacterial, fungal and protozoan pathogens
and development of novel drugs and vaccines. Our lab aims to elucidate the molecular mechanisms
and biological consequences of epigenetic and genetic factors (histone modifications, lncRNA,
transcription factors, etc.) of pathogen and host interaction in cancers and major infectious diseases
caused by such as Plasmodium falciparum, HIV and TB, with the long-term view toward the design
of novel drugs, vaccines and diagnosis.

Highlights of Achievements and Progress
Our work in the molecular mechanism of malaria parasite Plasmodium falciparum in immune
evasion uncovers a novel role of the PfSETvs-dependent H3K36me3 in silencing var genes in P.
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falciparum that might provide a general mechanism by which orthologs of PfSETvs repress gene
expression in other eukaryotes. PfSETvs knockout parasites expressing all PfEMP1s may also be
applied to the development of a malaria vaccine (Nature, 2013). By high throughput screening of
epigenetic inhibitors against P. falciparm, we have been successful in invention of one lead compound that kills artemisinin-resistant parasites efficiently. This new drug, which has been patented
with an application number 2016100963889, provides a potential use in Artemisinin Combined
Therapy (ACT) to block transmission of artemisinin-resistant malaria parasites worldwide.

Collaborations
●  Internal
Jianghua Wang, Chinese Academy of Sciences, Institut Pasteur of Shanghai (drug development of
HIV latency)
● External
Didier Menard, Institut Pasteur in Cambodia (antimalarial clinical trails)
Michael Good, Griffith University, Australia (malaria vaccine development in preclinical trails)
Xiaoyong Fan, Shanghai Public Health Clinical Center (drug development of TB)

Publications (2015)
1. Chen W, LinK, Zhang L, Guo G, Sun X, Chen J, Ye L, Ye S, Mao C, Xu J, Zhang, L, Jiang L*,
Shen X*, Xue X*. The cytomegalovirusprotein UL138 induces apoptosis of gastric cancer cells
by binding to heat shock protein 70.Oncotarget (2016, Epub ahead of print) (*Corresponding
Author)
2. Zhang Q, Siegel TN, Martins RM, Wang F, Cao J, Gao Q, Cheng X, Jiang L, Hon CC, Scheidig-Benatar C, Sakamoto H, Turner L, Jensen AT, Claes A, Guizetti J, Malmquist NA, Scherf
A. Exonuclease-mediated degradation of nascent RNA silences genes linked to severe malaria.
Nature513, 431-435 (2014)
3. Shigang Yin, Xiu Cheng, Xu Zhang, Jiang L*. Epigenetic regulations in immune evasion of the
deadliest malaria parasite Plasmodium falciparum. Science Foundation in China 22 (1), 4356(2014) (*Corresponding author)
4. Jiang L*, Mu J, Zhang Q, Ni T, Srinivasan P, Rayavara K, Yang W, Turner L, Lavstsen T, Theander TG, Peng W, Wei G, Jing Q, Wakabayashi Y, Bansal A, Luo Y, Ribeiro J MC, Scherf A,
Aravind L, Zhu J, Zhao K&Miller LH*. PfSET2vs methylation of histone H3K36 represses
virulence genes in Plasmodium falciparum. Nature 499, 223-227 (2013) (*Corresponding Author) (Recommended by Faculty-1000)
5. Jiang L*, Gaur D, Mu J, Zhou H, Long CA & Miller LH*. Evidence for erythrocyte-binding
antigen 175 as a component of a ligand-blocking blood-stage malaria vaccine. Proc Natl Acad
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Sci USA 108, 7553-7358 (2011). (*Corresponding Author)
6. Jiang L*, López-Barragán MJ, Jiang H, Mu J, Gaur D, Zhao K, Felsenfeld G & Miller LH*.
Epigenetic control of the variable expression of a Plasmodium falciparum receptor protein for
erythrocyte invasion. Proc Natl Acad Sci USA 107, 2224-2229 (2010). (*Corresponding Author)

Translational research
Based on one of our patents in national first sorts of new medicines (Application number:
2016100963889), we are in collaboration with the Shanghai NEWSUMMIT BIOPARM Group
company for the marketing development. The anticipated commercial value is beyond 80 million
RMB.
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Herpesvirus and Molecular Virology Research Unit
Team members
Principal Investigator: Zhikang Qian
Associated professor: Baoqin Xuan
Research assistant: Yamei Sun
Ph.D. student: Deng Pan
M.S.-Ph.D. students: Shubing Tang, Wenjia Xu, Qunchao Bao, Hongyun Hao
M.S. students: Zhongshun Liu, Qi Li

Research objectives
Human Cytomegalovirus (HCMV), a prototype β-herpesvirus, is a ubiquitous pathogen found in
60-90% of the human population. HCMV establishes a lifelong latent and recurrent infection in
the host after primary infection. While asymptomatic in healthy individuals, HCMV is the leading
viral cause of birth defects. It also causes severe or even life-threatening diseases in immunocompromised individuals such as AIDS patients, transplant recipients, and cancer patients. In addition,
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accumulating evidence suggests that HCMV is involved in the development of cardiovascular disease, inflammatory bowel disease and several types of cancers.
My primary research interest is to understand the virus-host interactions during cytomegalovirus
(CMV) infection. Intimate interactions between the virus and the host are fundamental to the viral
life cycle and virus related diseases. They have also been rich sources to understand key biological
processes in basic cell biology and immunology. The knowledge of how CMV interacts with the
host will ultimately help us identify novel therapeutic targets, and develop effective vaccine vectors
against globally important pathogens like CMV.

Highlights of Achievements and Progress
1. Tuberous Sclerosis Complex Protein 2-Independent Activation of mTORC1 by Human Cytomegalovirus pUL38.
The mammalian target of rapamycin complex 1 (mTORC1) controls cell growth and anabolic
metabolism and is a critical host factor activated by human cytomegalovirus (HCMV) for successful infection. The multifunctional HCMV protein pUL38 previously has been reported to activate
mTORC1 by binding to and antagonizing tuberous sclerosis complex protein 2 (TSC2). In this
study, we showed that mutant pUL38 lacking the N-terminal 24 amino acids (pHA-UL3825–331) or
with two key residues at position 23,24 mutated (pHA-UL38 TQ/AA) lost the ability to interact
with TSC2. However, when expressed in isolation, both proteins were able to activate mTORC1.
This study identified the residues important for pUL38-TSC2 interaction and demonstrated that
pUL38 can activate mTORC1 in both TSC2-dependent and -independent manners. This work was
published in Journal of Virology.
2. The c-Jun N-terminal Kinase Inhibitor SP600125 Inhibits Human Cytomegalovirus Replication.
By performing a medium-sized, anti-HCMV chemical screening, we identified SP600125, CC-401,
and the c-Jun N-terminal kinase (JNK) inhibitor VIII, three structurally different small molecule
JNK inhibitors that effectively inhibited HCMV replication in cultured human fibroblasts (HFs).
SP600125 showed its potential by inhibiting the viral replication of a HCMV laboratory strain in
HFs and a HCMV clinical strain in human retinal pigment epithelial cells. Knockdown of JNK expression by RNA interference significantly impaired HCMV replication, mimicking the effect of
the chemical inhibitors on virus infection. Mechanistically, SP600125 affects a very early step of
the viral life cycle. It suppressed the transcription of the immediate-early viral genes IE1/2 and the
accumulation of their gene products. We propose that JNK inhibitors have the potential to become a
new class of anti-HCMV drug candidates, and JNK is a feasible target for the development of antiHCMV drugs. This work was published in Journal of Medical Virology.
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Publications (2015)
1. Bai Y, Xuan B, Liu H, Zhong J, Yu D, Qian Z. Tuberous Sclerosis Complex Protein 2-Independent Activation of mTORC1 by Human Cytomegalovirus pUL38. J Virol. 2015
Aug;89(15):7625-35.
2. Zhang H, Niu X, Qian Z, Qian J, Xuan B. The c-Jun N-terminal kinase inhibitor SP600125 inhibits human cytomegalovirus replication. J Med Virol. 2015 Dec;87(12):2135-44.
3. Xu W, Liu Z, Bao Q, Qian Z. Viruses, Other Pathogenic Microorganisms and Esophageal Cancer. Gastrointest Tumors 2015;2:2-13.

Translational research
Filed one patent application.
1. The method and application of using sortase splicing to prepare vaccines
Application number: 201510424554.9
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Virus-associated Lymphomagenesis Research Unit
Team members
Principal Investigator: Xiaozhen Liang
Research Assistant: Linlin Kuang
Ph.D. students: Liu Wang, Jie Li, Shuai Liu, Lingbing Tan
M.S.. Students: Lingbing Tan, Chaocan Zhang, Shihan Dong, Xingchen Zhou

Highlights of Achievements and Progress
1. The nonapoptotic role of CD95 in gammaherpesvirus-associated lymphomagenesis
While CD95 is an apoptosis-inducing receptor and emerges as a potential anticancer therapy target,
mounting evidences indicate nonapoptotic function of CD95 for promoting tumorigenesis. Gammaherpesviral infection is tightly associated with lymphoproliferative diseases including B cell
lymphomas. The non-apoptotic function of CD95 in gammaherpesvirus-associated lymphomas
is largely unknown. Here we showed that while the stimulation of CD95 drove the majority of
gammaherpesvirus-transformed B cells to undergo caspase-dependent apoptosis, it also promoted
the survival and proliferation of a subpopulation of apoptosis-resistant B cells. Surprisingly, CD95
stimulation inhibited B cell receptor (BCR)-mediated gammaherpesviral reactivation of those
apoptosis-resistant lymphoma cells by elevating IFN-β expression without influencing BCR signaling. Further analysis showed that IFN-β alone or synergizing with CD95 blocked the activation of
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lytic switch protein and the expression of lytic genes of gammaherpesviruses. Our findings indicate
that independent of its apoptotic activity, CD95 signaling activity plays an important role in blocking viral lytic replication in apoptosis-resistant, gammaherpesvirus-associated lymphoma B cells,
suggesting a novel mechanism of how host CD95 prototype death receptor controls the lifecycle of
gammaherpesviruses independent of its apoptotic activity.
2. IRF4 expression differentially regulates B cell receptor-mediated gammaherpesviral reactivation.
Gammaherpesviruses establish long-term latency in B cells and are tightly associated with lymphoproliferative diseases and other cancers. Previous studies show that B cell receptor (BCR) crosslinking with anti-Ig antibody can efficiently induce viral reactivation from latency in some gammaherpesvirus-associated B lymphoma cells, which requires intact phosphatidylinositol 3-kinase (PI3K)
and mitogen-activated protein kinase (MAPK) pathway. The detailed molecular mechanism is still
not completely understood.  By comprehensive analyses with various specific inhibitors and different types of gammaherpesviral-associated B lymphoma cell lines, we showed the consistent result
that PI3K played an important role in BCR-mediated gammaherpesviral reactivation in latently
infected B cells, also showed that c-Jun N-terminal kinases(JNKs) are critical downstream kinases
in BCR-mediated viral reactivation. SP600125, a specific JNK inhibitor, abolished BCR-mediated
reactivation in both human gammaherpesvirus EBV latently infected B cells and murine gammaherpesvirus MHV68 latently infected B cells; additionally, dominant negative JNK overexpression
inhibited BCR-mediated viral reactivation in all latently infected B cells. Furthermore, our results
showed that IRF4, a plasma B cell transcription factor which is required for viral reactivation in
vivo, was differentially regulated in BCR-mediated response. IRF4 expression was significantly
upregulated upon BCR cross-linking with anti-Ig in MHV68 latently infected B cells, which appeared to be driven by JNK activation; however, in EBV latently infected B cells, either no IRF4
expression or decreased expression was observed in response to anti-Ig cross-linking. IRF4 overexpression in turn also differentially regulated viral reactivation among MHV68 and EBV infected B
cells, the further mechanism is still under the investigation. These data suggest that multiple crosstalk signaling pathways are involved in BCR-mediated gammaherpesviral reactivation.

Publications (2015)
1. Jia R, Lu L, Liang XZ, Sun ZW, Tan LB, Xu MH, Su LY and Xu J. Establishment and analysis of
murine model of RSV vaccine-enhanced disease. Journal of Microbes and Infections. 2016 (In Press)  
2. Zhang CC, Kuang LL, Jiang W, Chen GF, Liang XZ. Recombinant expression, polyclonal antibody generation and primary functional study of an unknown protein RIK.   Immunological
Journal. 2016, 32(5): 58-63.

Translational research
Anti-viral and anti-tumor drug screening
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Virus Assembly and Host Dependency Research Unit
Team members
Principal Investigator: Gang Long
Research Assistant: Pengjuan Ma, JinXu Guo, Fanfan Zhao
Ph.D students: Xiaolong Zhang, Wang Jiang, Xiaoning Wang, Fawad Muhammad
M.S. students: Libin Deng, Zaili Yang
Intern: Dawei Lv

Research Objectives
The focus of our research is on the hepatitis C virus (HCV) and host interaction with special attention on virus assembly and infectivity. With help of host lipoprotein production machinery, HCV
assembles as lipo-viral particles. Major interest of our research team is, based on recent progresses,
to study the mechanism underlying interactions between HCV and host apolipoproteins. Based on
our expertise, we are also expanding our research to other related positive-strand RNA viruses.
We apply a combination of reverse genetics, biochemistry, and cell biological methods to ask fundamental questions about how positive-strand RNA viruses utilize host cell to finish virus life cycle.
We hope more precise knowledge on virus and host network interaction would pave the way to the
development of novel strategy to control viral infection.

Highlights of Achievements and Progress
Essential role of complete Hepatitis C virus virion assembly in efficient cell-to-cell transmission revealed by a simple viral infection activated split-intein mediated reporter system (VISI)
Hepatitis C virus (HCV) infects 2-3% of the world population and is a leading cause of liver diseases such as fibrosis, cirrhosis and hepatocellular carcinoma. Many aspects of HCV study, ranging
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from molecular virology, antiviral drug development and drug resistance profiling, were supported
by straightforward assays of HCV replication and infection. Among these assays, HCV-dependent
fluorescence relocalization (HDFR) system allows live-cell visualization of infection without modifying viral genome, while this strategy required careful recognition of distinct fluorescence relocalization for its fluorescence background in cytoplasm. In this study, based on HDFR, a viral infection activated split-intein mediated reporter system (VISI) was devised. Huh7.5.1-VISI cell shows
limited to no cytoplasm-signal while HCV infection illuminates the nuclei of infected Huh7.5.1VISI cells with either GFP or mCherry. Combining VISI-GFP and VISI-mCherry systems, we revisited HCV cell-to-cell transmission. In the presence of HCV neutralizing antibodies, exosomes
have been implied to transfer HCV genomic and subgenomic RNA through both cell-free transmission and cell to cell contact. However, our data demonstrate that HCV structural genes and p7 gene
are essential for not only cell-free virion production but also cell-to-cell transmission. Additionally, depletion of apoE from donor cells but not recipient cells significantly reduced HCV cell-tocell transmission efficiency. In summary, we developed an optimized cell-based reporter system for
convenient live-cell detection of HCV infection and our data indicate that complete HCV virion assembly is indispensible for both cell-free and cell-to-cell transmission.
Neglected but Important Role of Apolipoprotein E Exchange in Hepatitis C Virus Infection
Hepatitis C virus (HCV) is a major cause of chronic liver disease infecting approximately 170 million people worldwide. HCV assembly is tightly associated with lipoprotein pathway. Exchangeable
apolipoprotein E (apoE) is incorporated on infectious HCV virions and important for infectious
HCV virion morphogenesis and entry.  Moreover, virion apoE level positively correlates to HCV
ability to escape E2 antibody neutralization. However role of apoE exchange in HCV life cycle is
not clear. In this study, the relationship between apoE expression and cell permissiveness to HCV
infection was assessed by infecting apoE knock-down and derived apoE rescue cell lines with HCV.
Exchange of apoE between lipoproteins and HCV lipo-viral particle (LVP) was evaluated by immunoprecipitation, infectivity test and viral genome quantification. Cell and heparin column binding
assays were applied to determine attachment efficacy of LVP with different level of incorporated
apoE. The results showed that cell permissiveness for HCV infection was determined by exogenous
apoE associated lipoproteins. ApoE exchange did occur between HCV LVP and lipoproteins, which
was important to maintain a high apoE level on LVP. Lipid free apoE was capable to enhance HCV
infectivity to apoE knock-down cell but not apoE rescue cell. Higher apoE level on LVP from conferred more efficient LVP attachment to both cell surface and heparin beads. This study identified
that exogenous apoE incorporated lipoproteins from uninfected hepatocytes safeguarded apoE level
of LVP for more efficient attachment during HCV infection.

Collaborations
●  Internal
Prof. Jin Zhong,Prof. Sun Bing
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●  External
Prof. Junqi Niu (Jilin University Hospital)
Prof. Mengji Lu (Essen Univeristy Hospital)
Prof. Jiming Zhang (Huashan Hospital, Fudan University)

Publications (2015)
1. Zayas M, Long G, Madan V, Bartenschlager R. Coordination of Hepatitis C Virus Assembly by Distinct Regulatory Regions in Nonstructural Protein 5A.PLoS Pathog. 2016 Jan
4;12(1):e1005376. doi: 10.1371/ journal.ppat.1005376.eCollection 2016 Jan.
2. Metz P, Chiramel A, Chatel-Chaix L, Alvisi G, Bankhead P, Mora-Rodriguez R, Long G, Hamacher-Brady A, Brady NR, Bartenschlager R. Dengue Virus Inhibition of Autophagic Flux and
Dependency of Viral Replication on Proteasomal Degradation of the Autophagy Receptor p62. J
Virol. 2015 Aug; 89(15):8026-41.
3. Lee JY, Acosta EG, Stoeck IK, Long G, Hiet MS, Mueller B, Fackler OT, Kallis S,
Bartenschlager R. Apolipoprotein E likely contributes to a maturation step of infectious
hepatitis C virus particles and interacts with viral envelope glycoproteins. J Virol. 2014
Nov;88(21):12422-37
4. Da Costa D., M. Turek, D.J. Felmlee, E. Girardi, S. Pfeffer, G. Long, R. Bartenschlager, M.B.
Zeisel and T.F. Baumert. Reconstitution of the entire hepatitis C virus life cycle in nonhepatic
cells. J. Virol. 2012 Nov;86(21):11919-25.
5. Long G., M. Hiet, M. Windisch, J. Lee, V. Lohmann and R. Bartenschlager. 2011. Mouse hepatic
cells support assembly of infectious hepatitis C virus particles. Gastroenterology, 141(3):105766. Comments in: Model systems for hepatitis C research: the cup half empty? 2011 Gastroenterology, 141(3):806-9 and Exiting from uncharted territory: Hepatitis C virus assembles in
mouse cell lines. 2012 Hepatology, 55(2):645-8.
6. Merz A.*, G. Long*, M. Hiet, B. Brügger, P. Chlanda, P. Andre, F. Wieland, J. Krijnse-Locker,
and R. Bartenschlager. 2011. Biochemical and Morphological properties of hepatitis C virus particles and determination of their lipidome. J. Biol. Chem. 286(4): 3018-3032.
7. Pietschmann T., M. Zayas, P. Meuleman, G. Long, N. Appel, G. Koutsoudakis, S. Kallis, G.
Leroux-Roels, V. Lohmann, and R. Bartenschlager. 2009. Production of infectious genotype 1b
virus particles in cell culture and impairment by replication enhancing mutations. PLoS Pathog.
Jun;5(6):e1000475.
8. Long G. *, X. Pan*, and J. M. Vlak, 2008. Conserved leucines in N-terminal heptad repeat HR1
of envelope fusion protein F of group II nucleopolyhedroviruses are important for correct processing and essential for fusogenicity J. Virol. 82:2437-2447
9. Long G., X. Pan, M. Westenberg, and J. M. Vlak, 2006. Functional role of the cytoplasmic tail
domain of the major envelope fusion protein of group II baculovirus. J. Virol. 80:11226-11234.
10. Long G, X. Pan, R. Komerlink, and J.M. Vlak. 2006. Functional entry of Baculovirus into insect
cells and mammalian cells is dependent on clathrin-mediated endocytosis. J. Virol. 80:88308833.
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Pathogenic Fungal Infection and Host Immunity
Research Unit
Team members
Principal Investigator: Changbin Chen
Research Assistants: Xinhua Huang, Xiaoyu Yu
Postdoctoral fellow: Ning Gao
Ph.D. students: Yinhe Mao, Yuanyuan Wang, Xianwei Wu
M.S. students: Yongmin He, Xiaoqing Chen, Shanshan Li

Research Objectives
Research directions:
1. Key signal transduction pathways regulating the transition from commensalism to pathogenicity
in the human fungal pathogen Candida albicans, mainly focusing on iron regulatory pathway,
pH signaling pathway and ROS signaling pathway;
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2. Interplays between Candida colonization and host immune responses;
3. Interactions between Candida albicans and gut microbes.

Highlights of achievements and progress
All projects are in progress. For one project, we have done all necessary experiments and manuscript is in writing. Three more projects are expected to be finished soon. Our work was supported
by 2 NSFC general grants and the 100 talents program from CAS.

Publications (2015)
1. Gao, N., and Chen, C. (2016) Candida Infections: an update on host immune defenses and antifungal drugs. IDTM. Review.
2. Deng Z., Ma S., Zhou H., Zang A., Fang Y., Li T., Shi H., Liu M., Du M., Taylor P., Zhu H.,Chen
J., Meng G., Li F., Chen C., Zhang Y., Jia X., Lin X., Zhang X., Pearlman E., Li X., Feng G.,
and Xiao H. (2015) Shp2 mediates C-type lectin receptor-induced Syk activation and anti-fungal
Th17 responses. Nature Immunology. 16(6):642-52.
3. Xie X., Li F., Wang Y., Lin Z., Cheng X., Liu J., Chen C., and Pan L. (2015) Molecular basis of
ubiquitin recognition by the autophagy receptor CALCOCO2. Autophagy. 11(10):1775-89.
4. Chen M., Xing Y., Lu A., Fang W., Sun B., Chen C., Liao W., and Meng G. (2015) Internalized
Cryptococcus neoformans activates the canonical Caspase-1 and the non canonical Caspase-8
inflammasomes. J. Immunol. 195(10):4962-72.

Translational research
Title: Developing methods for genetic transformation in Malassezia
Party A: Unilever (China) Investing Co., LTD
Party B: Institut Pasteur of Shanghai, CAS. (Unit of Pathogenic Fungal Infection & Host Immunity)
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Anti-TB Immunity and Prevention and Treatment
Research Unit
Team members
Principal Investigator: Weizheng Chen
Staff: Hongbo Shen
Postgraduates: Rui Yang, Shanshan Liang, Wenlong Jin, Huichang Huang

Research Objectives
Our research interests are mainly focused on the following aspects:
1. Elucidate anti-TB immunity components and mechanisms in humans and non-human primates;
2. Develop and evaluate host-directed therapy modalities for adjunctive treatment of tuberculosis
(TB), especially drug resistant TB;
3. Identify and characterize novel anti-TB drugs using infected host cells-based high throughput
screening system.
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Highlights of achievements and progress
1. Immunopathogenesis in TB
Mechanistic studies were conducted to examine whether and how TB destructed IL-23 and IL-2
signaling effects on the dominant human γδ T-cell subset, phosphoantigen (HMBPP)-specific
Vγ2Vδ2 T cells. IL-23 and IL-2 distinctly expanded HMBPP-stimulated Vγ2Vδ2 T cells from humans with latent TB infection and IL-2 synergized the IL-23 effect. IL-23 expansion of the γδ T
cells involved STAT3. Surprisingly, TB patients exhibited selective destruction of IL-23 expansion
of Vγ2Vδ2 T cells. TB-driven impairing of IL-23 signaling coincided with decreases in expression
and phosphorylation of STAT3 in Vγ2Vδ2 T-cells. Interestingly, impairing of STAT3 was linked to
marked increases in hsa-miR-337-3p and hsa-miR-125b-5p in Vγ2Vδ2 T cells from TB patients.
Silence of hsa-miR-337-3p and hsa-miR-125b-5p could improve IL-23-mediated expansion of
Vγ2Vδ2 T cells in TB patients and their capability to express anti-MTB cytokines.
2. Discovery of novel anti-tuberculosis drugs
We employed infected host cell-based high throughput screening (HTS) assay to screen and characterize FDA-approved, off-patent library drugs for anti-Mycobacterium tuberculosis (MTB) activities. The cell-based HTS allowed us to identify an anti-cancer drug of bis-biguanide dihydrochloride (BBD) as potent anti-mycobacteria agent. Further characterization showed that BBD could inhibit intracellular and extracellular growth of M. smegmatis and slow-growing M. bovis BCG. BBD
also potently inhibited replication of clinically-isolated MTB and MDR-TB strains. The proof-ofconcept study showed that BBD treatment of MTB-infected mice could significantly decrease CFU
counts in the lung and spleen. Notably, comparative evaluation showed that MTB CFU counts in
the spleen of BBD-treated mice were lower than those in rifampicin-treated mice. No apparent
BBD side effects were found in BBD-treated mice. Thus, our findings support further studies to develop BBD as a new and effective drug against TB and MDR-TB.

Publications (2015)
1. Shen H, Wang Y, Chen CY, Frencher J, Huang D, Yang E, Ryan-Payseur B, Chen ZW, Th17related cytokines contribute to recall-like expansion/effector function of HMBPP-specific
Vγ2Vδ2 T cells after Mycobacterium tuberculosis infection or vaccination.Eur J Immunol.
2015 Feb;45(2):442-51. doi: 10.1002/eji.201444635.
2. Yang E, Wang F, Xu Y, Wang H, Hu Y, Shen H, Chen ZW. A lentiviral vector-based therapeutic
vaccine encoding Ag85B-Rv3425 potently increases resistance to acute tuberculosis infection in
mice.Acta Biochim Biophys Sin (Shanghai).2015 Aug;47(8):588-96. doi: 10.1093/abbs/gmv059.
3. Yang E, Gu J, Wang F, Wang H, Shen H, Chen ZW. Recombinant BCG prime and PPE protein
boost provides potent protection against acute Mycobacterium tuberculosis infection in mice.
Microb Pathog. 2016 Apr;93:1-7. doi: 10.1016/j.micpath.2016.01.006.
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Emerging Bacterial Pathogens Research Unit
Team members
Principal Investigator: Brigitte Gicquel
Postdoctoral fellows: Wei Huang, Julien Brifotteaux
Ph.D. students: Xinwei Wang, Lili Liu

Research Objectives
With more than 1.5 million deaths and 8 million new cases per year, tuberculosis (TB) remains
a major public health concern throughout the world. An increased number of multidrug resistant
(MDR) and extremely drug resistant (XDR) Mycobacterium tuberculosis cases is a major
concern. The fight against TB requires new strategies including the search for new drugs and new
vaccines more efficient than the currently used BCG vaccine. Only one new anti-TB drug with a
new scaffold has been discovered since the implementation of the 6-month short term treatment.
This drug shows important side effects and is reserved for severe MDR TB cases. Drugs used for
the treatment of MDR tuberculosis are also resulting in more side effects than when the patient
is treated with those used for non MDR TB. This shows the requirement of new therapies issued
from new approaches for an efficient treatment of MDR and XDR TB, but also for shortening the
treatment of tuberculosis. A better identification of antibiotic resistances associated with MDR TB
is needed. It will result in a more appropriate treatment of MDR TB cases.
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Highlights of achievements and progress
The Emerging Bacterial Pathogens Unit was created in 2014. It works in tight collaboration with
the Mycobacterial Genetics Unit headed by Brigitte GICQUEL at the Institut Pasteur in Paris with
the aim of discovering new molecules with antibacterial activity against a series of pathogens including Mycobacterium tuberculosis.
Until now, the search for new antibiotics made use of screenings of chemical libraries done with
the single bacterial species Mycobacterium tuberculosis, M. bovis BCG or M. smegmatis with the
aim of discovering new molecules with anti-tuberculous (anti-TB) activity. A very limited number
of drug candidates have been discovered so far. Many more are needed on order to have a chance
of obtaining a dozen of them for clinical trials and even less approved for treatment. We are using
a new approach consisting in using several different mycobacterial species including M. aurum,M.
smegmatis and M. marinum. The M. aurum species was not previously used to identify molecules
with anti-TB activity in high throughput screening experiments. The utilization of M. aurum will
be an advantage. In contrast to other mycobacteria, it does not form aggregates, thus facilitating
robotic procedures and determination of bacterial loads. We have determined its genome sequence
in Paris and made it available for the Shanghai Unit. We perform parallel screenings of chemical libraries with the aim of avoiding specific natural resistance mechanisms often developed by specific
species. M. aurum is sensitive to most antibiotics while M. marinum shows a much higher natural
resistance.
Chemical libraries have been screened in collaboration with the Chinese National Library of Compounds (CNCL) using the fast growing non-pathogenic mycobacteria, M. aurum. Among 50,000
molecules tested, seventy hits were found and their minimum inhibitory concentration (MIC) determined for a series of mycobacteria including BCG which belongs to the group of M. tuberculosis
complex. MIC with M. tuberculosis was determined in Paris where the Unit has BSL3 facilities required for the manipulation of M. tuberculosis.
Among 70 hits showing activity against M. aurum, 3 showed activity against BCG and M. tuberculosis. Then, these compounds were studied more in depth. Thanks to a collaboration with Xiaoming Zhan’s Unit at IPS, their toxicity was examined using in vitro cellular systems. In Paris, their
cytotoxicity and in vivo efficacy with macrophages infected by M. tuberculosis was tested. None
of them showed toxicity in cellular systems studied in Shanghai. However cytotoxicity was shown
in macrophages for two compounds and one compound did not show efficacy in infected macrophages. Neither compound showed genotoxicity using the SOS Chromo-test system (performed
in Paris). A series of compounds of the same family as that of the compound studied but showing
no toxicity in macrophages were identified from the CNCL library and studied for their in vitro efficacy on M. tuberculosis. Twenty compounds were studied. Two of them showed efficacy against
M. tuberculosis. This promising result will be confirmed by in vivo studies, i.e. in infected macrophages and the murine model in Paris.
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Libraries of molecules issued from natural compounds were tested. A number of 2,582 molecules
were tested and 20 hits with antibacterial activity against M. aurum were selected. Two of them
showed activity against M. tuberculosis complex. The mechanisms of resistance to these compounds
were identified by isolating resistant mutants, whole genome sequencing and genome comparison
with the parental strains. We concluded that the two natural products identified affect the transport
of antibiotics and other nutrients of the bacteria. Their in vivo efficacy on M. tuberculosis will be
studied in presence of other antibiotics with fast growing bacteria and BCG in Shanghai, and with M.
tuberculosis in Paris.

Collaboration
The National Chinese Compounds Library, the FUDAN University, the Shanghai CDC, the BichatClaude Bernard Hospital in Paris and the Public Health National Laboratory in Libreville, Gabon.

Publication (2015)
1. Alame-Emane Amel Kevin, Xu Peng, Pierre-Audigier Catherine, Cadet-Daniel Véronique, Shen
Xin, Sraouia Mohamed, Djoba-Siawaya Joël Fleury, Takiff Howard, Gao Qian, and Gicquel Brigitte. Pyrazinamide resistance in Mycobacterium tuberculosis arises after rifampicin and fluoroquinolone resistances. Inter J Tuberc lung dis (2015) 19:679-84.
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Interspecies Transmission Of Arboviruses And Antiviral
Therapies Research Unit
Team Members
Principal Investigator: Dimitri Lavillette
Co-Principal Investigator: Ke Xu
Lab Assistant: Li Huang
PhD Students: Marie Cresson (UCAS-Lyon University joint program), Margot Enguehard (UCASLyon University joint program), Bowen Duan, Anupriya Gautam
M.S. students: Emilie Carlot

Research Objectives
During the past 20 years, there has been a dramatic resurgence or emergence of epidemic viral diseases affecting both humans and domestic animals. Most of these diseases are caused by arthropodborne viruses (arboviruses) which are transmitted from insects to hosts following blood meals.
These arboviruses include, among others, members of flavivirus (ie Dengue and Zika viruses) and
alphavirus (ie Chikungunya) genus within the Flaviviridae and Togaviridae family respectively.
Dengue is the most important mosquito-borne viral disease in the world. According to a recent
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study, up to 400 million people are infected with Dengue virus (DENV) annually and more than 2.5
billion people are at risk of contracting DENV infection. While most cases are benign and self-resolving, DF can occasionally evolve into dengue haemorrhagic fever/dengue shock syndrome (DHF/
DSS) that can be lethal if not properly attended. There is now one licensed vaccine in some countries, but no DF-specific treatment and only symptoms can be treated. Zika virus (ZIKV) has been
isolated in 1947 in Uganda, and it has been restricted within a narrow equatorial belt from Africa
to Asia. However, since 2007, the virus spread eastward across the Pacific Ocean and in 2015 to
Mexico, Central America, the Caribbean, and South America, where the Zika outbreak has reached
pandemic. Zika virus transmission was documented in 61 countries and territories with more than
2 million infection cases. The infection, known as Zika fever, often causes no or only mild symptoms, but recent outbreak resulted in microcephaly and other severe brain problems in foetus from
infected pregmant women and Zika infections in adults can result in Guillain-Barré syndrome.
Beside these flavivirus threats, Chikungunya alphavirus (CHIKV) is kept under surveillance due to
the fact that, since 2005, it has increased its geographical area following the extension of its new
vector Aedes albopictus. These past years, CHIKV spread for the first time in the Caribbean and in
American continent. There is no licensed alphavirus vaccine for human use and no specific treatment against any alphaviruses. Despite the high public health threat caused by these viruses, many
questions about the tropism and pathogenesis at the cellular and molecular level remain unanswered. By studying both infections in mammals and insects, in vitro and in vivo, our global project
wants to unveil the viral and/or host factors responsible for pathogenicity or resistance to infection.
Using different model alphaviruses, Dengue and Zika viruses, we want to explore: i) the host factors involved in entry, interspecies transmission and host susceptibility; and ii) the role of cell response in virus replication and the spreading of viruses in vivo in mosquitoes. These understanding
will help to develop new strategies to fight these public health and veterinary threats.
Research focus/ keywords:
Chikungunya, Dengue and Zika viruses-host interaction studies, comparative biology in mammals
and mosquitoes, antiviral and vaccine development

Highlights of achievements and progress
1. Hepatitis C virus entry
The entry process of the single member of the hepacivirus genus, the hepatitis C virus (HCV), is
orchestrated by two envelope glycoproteins, E1 and E2, which are incorporated onto virion surface.
During entry, E1E2 mediate viral particle attachment to cell surface receptors and induce the merging (called fusion) of endosomal and virus membranes at acid pH, thus leading to release of viral
RNA into the cytosol. However, how HCV E1 and E2 mediate virus fusion remains poorly defined.
During this 2015 year, we published different papers that increase our knowledge about HCV entry
and inhibition of this step by antibodies or drugs. We also identified for the first time some E1E2
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functional sequences from lymphocytes.
2. Interaction between Flaviviruses and Alphaviruses during coinfection
Pathology associated to infection is often considered as resulting from the reciprocal interaction of
a given pathogen with a given host. This paradigm looks however over-simplistic since the pathology, as well as the epidemiology of a pathogen, relies also on the interactions between several infectious agents present within an organism. It is therefore crucial to consider to which extent a host infected by a first microorganism is modified and whether its reaction to the infection by a second microorganism is consequently altered. This consideration is especially relevant for Arthropod-borne
viruses (arboviruses) that are the causative agents of some of the most important emerging and reemerging infectious diseases. One consequence of the rapid spreading of arboviruses worldwide is
an increased overlapping distribution. Overlapping in the distribution of the arboviral diseases leads
to a higher detection of co-infections in humans. This co-infection is also possible in mosquitoes as
DENV, ZIKV and CHIKV can share Aedes aegypti and albopictus vectors. This co-infected vector,
as demonstrated for DENV and CHIKV, can in theory transmit both viruses at the same time. At the
cellular level, DENV and CHIKV share interactions with common cellular pathways. These possible similar host-virus interactions probably impact the outcome of one virus during co-infection.
Our purpose is to define more precisely the molecular and cellular mechanisms of interference
between arboviruses CHIKV, DENV and ZIKV infection in human and mosquito target cells. We
characterized the modifications induced by one virus on replication cycle of the second virus in vitro. The characterization of molecular interaction between DENV and CHIKV in mosquito cells can
be crucial for a better understanding of disease and epidemiology during simultaneous outbreaks.

Awards
● 100 Talents of the Chinese Academy of Sciences
● 1000 Talent from Shanghai municipality
● PhD fellowship for Marie CRESSON International doctoral program fellowship from Calmette
& Yersin foundation
● PhD fellowship for Anupriya GAUTAM International doctoral program fellowship from
Calmette & Yersin foundation

Collaborations
1. Pr Zhiheng Xu, M.D., Ph.D., State Key Laboratory of Molecular Developmental Biology, Institute of Genetics and Developmental Biology, Beijin, China
2. Pr Ping Zhao, Department of Microbiology, Second Military Medical University,
Shanghai,China
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3. Dr Carine Maisse-Paradissi, UMR754 INRA-UCBL-EPHE “Infections Virales et Pathologie
Comparée”, Lyon, France.

Publications (2015)
1. Douam F, Bobay LM, Maurin G, Fresquet J, Calland N, Maisse C, Durand T, Cosset FL, Féray C,
Lavillette D. Specialization of Hepatitis C Virus Envelope Glycoproteins for B Lymphocytes in
Chronically Infected Patients. 2015. J Virol. 90(2):992-1008.
2. Marnata C, Saulnier A, Mompelat D, Krey T, Cohen L, Boukadida C, Warter L, Fresquet J,
Vasiliauskaite I, Escriou N, Cosset FL, Rey FA, Lanford RE, Karayiannis P, Rose NJ, Lavillette D,
Martin A. Determinants Involved in Hepatitis C Virus and GB Virus B Primate Host Restriction.
J Virol. 2015 Dec 1;89(23):12131-44. doi: 10.1128/JVI.01161-15. Epub 2015 Sep 23.
3. A Lentiviral Vector Allowing Physiologically Regulated Membrane-anchored and Secreted
Antibody Expression Depending on B-cell Maturation Status. Fusil F, Calattini S, Amirache F,
Mancip J, Costa C, Robbins JB, Douam F, Lavillette D, Law M, Defrance T, Verhoeyen E, Cosset FL. Mol Ther. 2015 Nov;23(11):1734-47. doi: 10.1038/mt.2015.148. Epub 2015 Aug 18.
4. Douam F, Lavillette D, Cosset FL. 2015. The mechanism of HCV entry into host cells. 2015.
Prog Mol Biol Transl Sci. 129:63-107. In The Molecular Basis of Viral Infection. Editor PJ
Klasse, Elsevier.
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Regulation of Immune Cell Differentiation Research Unit
Team members
Principal Investigator: Haikun Wang
Research assistant: Xiaoyan Chang
Postdoctoral fellow: Min Yao, Postdoctoral fellow
Graduate student: Meng Wang, Junxiang Li, Jinyi Tang, Xiaoxue Deng
Intern: Lei Han

Research Objectives
1. Identify Critical molecules regulating Bcl6 protein level in Tfh differentiation
Production of high affinity and long-lived antibodies by B cells and plasma cells is critically essential for protection against infectious diseases, and it is also the foundation of most effective
vaccines. T follicular helper(Tfh) cell is a new helper T subset specialized in contributing to the development of high affinity antibody producing B cells. Tfh cells express high level of CXCR5 and
PD-1,and the transcription factorBcl6.Bcl6 is the master transcriptional regulator of Tfh. Others
and our data show Bcl6 post-transcriptional modification plays important roles on its stability and
transcriptional activity. We are now addressing the critical Bcl6 modifying molecules that regulate
its expression level, subsequently Tfh differentiation and functions.
2. Study the roles of Tfh cells in Thymoma related autoimmune disease
Thymoma is a tumor originating from the epithelial cells of the thymus. Clinical research has found
high correlation between occurance of thymoma and some autoimmune disease, such as myasthenia
gravis and hyperthyroidism. Autoimmune disease, which is often related to the occurance of selfreactive antibody producing B cells, is accompanied by aberrant Tfh cells differentiation. However,
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unlike in periphery lymphoid organs, characteristic surface marker expression pattern of Tfh cells
in PBMC is still to be further identified. We are now studying the relationship between the circulating Tfh(cTfh) phenotype and the autoimmune diseases associated with thymoma, to identify new
markers of cTfh cells associated with the autoimmune diseases and provide new insights into the
pathogenesis, diagnosis and treatment of these diseases.

Highlights of achievements and progress
Topic 1
In collaboration with lab of Professor Bin Li and Professor Ronggui Hu, we have identified 6deubiquitinating enzymes(DUB) and 12 E3 ligase candidatestargeting Bcl6 protein. We are further
identifying the effects ofthe candidate DUBsand E3 ligases onstability Bcl6 and Tfh differentiation.
Topic 2
We are also addressing cTfhsubsets that are associated withthymomawith autoimmune diseases such
as myasthenia and hyperthyroidism. We found the frequency of CD4+CXCR5+PD-1+CCR7LowcTfhis
much reduced after thymectomy surgery in the patients who benefit from the surgery.

Publications (2015)
1. WeiH, Geng J, Shi Bi, Liu Z, Wang Y, Stevens A, Sprout S, Yao M, Wang H*, Hu H*. Foxp1
controls naive CD8+ T cell quiescence by simultaneously repressing key pathways in cellular
metabolism and cell cycle progression. The Journal of Immunology. 2016. Accepted. (*cocorresponding author)
2. Yang Q, Li F, Harly C, Xing S, Ye L, Xia X, Wang H, Wang X, Yu S, Zhou X, Cam M, Xue
HH, Bhandoola A.TCF-1 upregulation identifies early innate lymphoid progenitors in the bone
marrow. Nature Immunology. 2015;16(10):1044-50.
3. Wang H, Geng J, Wen X, Bi E, Kossenkov A, Wolf A, Tas J, Choi Y, Takata H, Day T, Chang
LY, Sprout S, Becker E, Willen J, Tian L, Wang X, Xiao C, Jiang P, Crotty S, Victora G, Showe L,
Tucker H, Erikson J and Hu H. The transcription factor Foxp1 is a critical negative regulator of
T follicular helper cell differentiation. Nature Immunology. 2014; 15(7):667-675.
4. Feng X*, Wang H*, Takata H, Day TJ, Willen J, Hu H. Transcription factor Foxp1 exerts essential cell-intrinsic regulation of the quiescence of naive T cells. Nature Immunology. 2011;
12(6):544-550. (*equal first authorship, listed in alphabetical order)

Translational research
Our work on thymoma will provide new insights into diagnosis and treatment of autoimmune disease associated with thymoma.
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Pathogen Diagnostic Center (PDC)
Team members
Director: Ke Lan
Professor: Chiyu Zhang
Associate Professor: Yihong Hu
Research assistants: Qianqian Chen, Zhixiang He, Jia Liu, Lili Wang
Co-educated Ph.D. student: Yang Li
Co-educated M.S. student: Mengling Zhang

Research Objectives
Pathogen Diagnostic Center (PDC) is one of the Translational medicine Research Centers of Institut
Pasteur of Shanghai, Chinese Academy of Sciences. It was established on March 2010. The main
goal of PDC is to find and identify pathogens associated with emerging infectious diseases and to
develop new, rapid diagnostic methods for emerging infectious diseases. PDC will contribute to national or local public health by close cooperation with national and/or local CDC and/or hospital, as
well as international colleagues.
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●
-

Topic of research
Finding and identification of pathogens associated with severe diseases of unknown etiology
Development of new molecular diagnosis methods for significant and emerging infectious diseases
Molecular epidemiological investigation on viral infectious diseases

Highlights of achievements and progress
1. Viral etiology surveillance of fever and respiratory, fever and rash, as well as diarrhea syndromes
The goal of this project was to investigate the viral etiology associated with three syndromes: fever
and respiratory, fever and rash, as well as diarrhea syndromes. In 2015, 540 clinical samples from
patients with fever and respiratory syndrome were tested for 17 commonly observed respiratory viruses using a multiple RT-PCR, and 151 (27.96%) samples were detected as positive for at least one
respiratory virus. A total of 322 clinical samples associated with diarrhea syndrome were collected
and 85 (26.40%) samples were detected as positive for one of five viruses. Rotavirus and norovirus
were found to be the predominant viruses causing diarrhea. Meanwhile, we obtained 75 clinical
samples from children with fever and rush syndrome. Five different viruses (Enterovirus, measles
virus, Varicella-Zoster Virus, Rubella virus and herpes simplx virus) were detection by one-step
RT-PCR method. If the sample was detected as enterovirus positive, EV71, CVA16 and CVA6 were
further distinguished. Among 75 samples, 32 (42.67%) were detected as enterovirus positive, and
predominate genotype was Coxsackie virus A6.In addition, we amplified and sequenced a complete
genome sequence of human respiratory syncytial virus (RSV) isolated from an outpatient child with
fever and respiratory symptom. Phylogenetic analysis showed that the full-length RSV genome sequence belongs to genotype ON1 of the RSV A group.
2. L'Oreal-IPS collaboration project: Characterization of the major bacterial–fungal populations colonizing dandruff scalps in Shanghai, China, shows microbial disequilibrium
The purpose of the present study was to analyze the major bacterial and fungal species present on
the scalp surface of Chinese volunteers and to investigate possible region-related variation in the
microbiota linked to dandruff condition. The data obtained from the Chinese populations were
highly similar to those obtained in France, confirming that dandruff scalps are associated with a
higher incidence of Malassezia restricta and Staphylococcal sp. The ratios of Malassezia to Propionibacterium and Propionibacterium to Staphylococcus were also significantly higher in the dandruff volunteers as compared to normal volunteers, suggesting that equilibrium between the major
bacterial and fungal taxa found on the normal scalps is perturbed in the dandruff scalps. The main
difference between the French and Shanghai subjects was in their Staphylococcal biota. The results
obtained in China and in France suggest that targeting one particular Malassezia sp. by antifungals
instead of using large spectrum antifungals and rebalancing the dandruff scalp microbiota could be
common approach to improve dandruff condition in the two countries.

IPS 2015 Annual Report 113

RESEARCH GROUP REPORT

Figure 1. Individual distribution of the main bacterial and fungal species on the scalp of Chinese volunteers
N1-N4 and D1-D10: (a) distribution of 2214 sequences (~1500 bp) of 16S rDNA from dandruff and normal
scalps; (b) distribution of 1818 sequences (~1500 bp) of ITS-28S rDNA from dandruff and normal scalps.
Results are presented as percentage (%) of the total sequences recovered per species per volunteer.

3. Development of diagnosis methods
1) Development of rapid detection methods for Zika virus
Zika virus (ZIKV) is an emerging mosquito-borne pathogen, and belongs to family Flaviviridae,
genus Flavivirus. ZIKV infection often causes asymptomatic or mildly symptomatic in most cases
(mild fever, arthralgia; myalgia, headache; retroorbital pain; conjunctivitis; and cutaneous maculopapular rash); however, recent outbreak in Brazil showed that it was associated with microcephaly.
The detection of ZIKV infection for pregnant women may be crucial for the prevention of microcephaly. Based on the ZIKV whole genome sequences obtained from NCBI, we developed a RTLAMP assay and a TaqMan-based real-time RT-PCR assay for the rapid and quantitative detection
of ZIKV, respectively. Both assays can specifically detect ZIKV without cross-reaction with dengue
virus types 1-4. The RT-LAMP assay can be finished within 30 minutes with a detection sensitivity
of 50 copies per 25μl reaction. In addition, the result of RT-LAMP can be visualized by colorimetric change from violet to sky blue by adding hydroxynaphthol blue (HNB). These indicate that the
new RT-LAMP is simple, rapid and well suited for ZIKV diagnosis, especially in a limited-resource
setting. The TaqMan-based assay has a wide linear dynamic range of ZIKV RNA quantification
from 5×101 to 5×106 copies per 25μl reaction, and a limit of detection of 5-50 copies per 25μl reaction. It can be used for quantitative detection of ZIKV RNA from plasma, serum, urine, and cell-
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free body fluids.
2) Development of a melting curve-based multiplex real-time RT-PCR assay for the detection of four HCoVs-229E, OC43, NL63, and HKU1
Human coronaviruses (hCoVs) are one of the most commonly observed pathogens causing severe
respiratory illnesses. Development of a simple, reliable and rapid detection method will facilitate
the monitoring of hCoVs. Here, we developed a melting curve-based multiplex real-time RT-PCR
assay for the detection of four HCoVs (229E, OC43, NL63, and HKU1). In the assay, SYTO 9
was used to replace SYBR Green I as the nucleic acid dye, because the latter can inhibit PCR, and
prefer to bind to GC-rich sequences, which influences the melting curve analysis. In order to well
distinguish four HCoVs in a single real-time RT-PCR reaction, we designed four sets of primers
for these HCoVs, which can result in four PCR products with obviously different Tm values. The
melting curve analysis showed that the Tm values of specific products for 229E, OC43, NL63, and
HKU1 are 80.00 ºC, 81.10 ºC, 83.39 ºC and 84.88 ºC, respectively. The detection sensitivity of the
assay was 1×102 copies/μl for HCoV-229E and HCoV-OC43, and 1×101copies/μl for HCoV-NL63
and HCoV-HKU1. The specificity of the assay was assessed using a panel of respiratory viruses
commonly found in the respiratory tract. The results showed that no positive signal was recorded
for any of the strains besides the target four HCoVs. To further evaluate the validity of the new
method, a comparison with RT-PCR was performed using 160 clinical samples from Nanxiang hospital. The results showed that the positive rate is 21.9% (35/160) for multiplex real-time RT-PCR
and 20.6% (33/160) for conventional RT-PCR. Two negative samples by the conventional RT-PCR
were recognized as HCoV-OC43 and HCoV-HKU1 by the mutiplex real-time RT-PCR assay. These
results suggest that the melting curve-based multiplex real-time RT-PCR assay is simple, highly
specific and sensitive method for the detection of HCoV-229E, HCoV-OC43, HCoV-NL63 and
HCoV-HKU1.
3) Development of a novel real-time RT-PCR assay with partially double-stranded linear
DNA probe for the detection of hepatitis C viral RNA
The detection and quantification of HCV RNA is very helpful for the management and treatment
of HCV related diseases. Detection of low HCV viral load is a great challenge in HCV RNA detection. In addition, HCV is a highly variable RNA virus. It was classified into 67 confirmed and 21
provisional subtypes. Some HCV genotypes could not be well detected because of the mismatch
between the template and primers/probe or the limit of the detection sensitivity.Here, we developed
a novel real-time RT-PCR assay with partially double-stranded linear DNA probe which can detect
all HCV genotypes and improve the detection performance. The novel assay has a wide linear dynamic range of HCV RNA quantification (100-1×107 IU/ml) and a limit of detection of 78 IU/ml.
The assay exhibits an excellent reproducibility with 2.52% and 1.33% coefficients of variations,
for inter- and intra-assays, respectively. To evaluate the viability of the assay, a comparison with a
commercial HCV RNA detection kit was performed using 106 serum samples. The lineared correlation coefficient between the novel assay and the commercial HCV RNA detection kit was 0.940.
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Meanwhile, the deviation between the two methods was tolerable. Therefore, the novel real-time
RT-PCR assay was applicable for blood-donor screening, laboratory diagnosis and monitoring of
HCV infection.
4) Development of oligonucleotide microarray assays to detect common respiratory and
central nervous viruses
A variety of viral agents caused human respiratory tract infection (RTI) and central nervous system
infection. It is time-cost and expensive to determine the viral etiology associated with RTI and nervous system infection by conventional methods such as PCR, ELISA and/or viral isolation. In this
project, we established a microarray assay for the rapid and sensitive detection of 17 common respiratory and 24 common central nervous viruses. Three oligonucleotide chips (MRESP, MHHV and
MCNS) were designed for the detection of respiratory virus and central nervous virus. Viral nucleic
acid targets were amplified by multiplex asymmetrical PCR, labeled by biotin and hybridized with
chips. The assay can be completed within 48 hours and the overall detection limit was range from
100-1000 copies.
5) Modified Proofreading PCR for Detection of Point Mutations, Insertions and Deletions
Using a ddNTP-Blocked Primer
The development of simple, accurate, rapid and cost-effective technologies for mutation detection
is crucial to the early diagnosis and prevention of numerous genetic diseases, pharmacogenetics, and drug resistance. We developed a modified proofreading PCR (PR-PCR) method using a
ddNTP-blocked primer and a mixture of DNA polymerases with and without the 3'-5' proofreading
function. The ddNTP-blocked primer exhibited the best blocking efficiency to avoid nonspecific
primer extension while the mixture of a tiny amount of high-fidelity DNA polymerase with a routine amount of Taq DNA polymerase provided the best discrimination and amplification effects.
The modified PR-PCR method is quite capable of detecting various mutation types, including point
mutations and insertions/deletions (indels), and allows discrimination amplification when the mismatch is located within the last eight nucleotides from the 3'-end of the ddNTP-blocked primer. The
modified PR-PCR has a sensitivity of 1-5 × 102 copies and a selectivity of 5 × 10-5 mutant among
107 copies of wild-type DNA. It showed a 100% accuracy rate in the detection of P72R germline mutation in the TP53 gene among 60 clinical blood samples, and a high potential to detect
rifampin-resistant mutations at low frequency in Mycobacterium tuberculosis using an adaptor and
a fusion-blocked primer. These results suggest that the modified PR-PCR technique is effective in
detection of various mutations or polymorphisms as a simple, sensitive and promising approach.
6) DiaSorin-IPS collaboration project: Development of a reverse transcription loop-mediated
isothermal amplification (RT-LAMP) kit for the rapid diagnosis of Respiratory Syncytial Virus
We designed LAMP primer pairs using PrimerExplorer (http://primerexplorer.jp/elamp4.0.0/index.
html) according to the most conserved regions of HRSV A and B groups. The primer sets for HRSV
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A and B groups were located in the M and M2-2 gene, respectively. We established a reaction system and optimized the reaction system using the orthogonal experiments. Based on the optimal
reaction mix suggested by the orthogonal experiments, we further optimized the reaction mix by
changing the concentrations of Betaine and Mg2+. Ten standard respiratory virus strains, including
HRSV A and B groups, PIV-3, EV68, HRV, Adv, 229E, Flu A, Flu B, and Oc43, were used to determine the specificity of the assay. Amplification was observed in the reactions of HRSV A and B, but
not in the reaction with other viruses. Furthermore, to determine the sensitivity of the assay, 105.75
TCID50/ml of HRSV A strain VR1540 and 104.5 TCID50 of B strain VR1400 were ten-fold serially
diluted and used as RNA standard. The detection limits of the new assay were 5X101.75TCID50/
ml and 510-0.5TCID50/ml for HRSV A and B, respectively. To evaluate the performance of the
new assay, a comparison with conventional RT-PCR was performed using 90 clinical samples. The
positive rate of RT-LAMP and RT-PCR were 67.8% and 55.6%, respectively. The positive rate by
RT-LAMP was higher than that by RT-PCR (X2 test, P<0.01). In particular, there were 17 samples
that were detected as positive by RT-LAMP, but as negative by RT-PCR. In contrast, there were
only 6 positive samples by RT- PCR that were detected as negative by RT-LAMP. The results show
that the new RT-LAMP is simple, rapid and well suited for HRSV diagnosis, especially in a limitedresource setting.
4. Molecular epidemiological researches and viral evolution
1) The epidemiologic and clinical characteristics of respiratory viral infection among children in Shanghai, China
Acute respiratory tract infections (ARTIs) are major risk factors associated with morbidity and
mortality of infants and children worldwide and are caused by respiratory viruses and/or bacteria.
The majority of ARTIs are ascribed to respiratory viruses. To understand the viral etiology associated with ARTIs in Shanghai, nasopharyngeal swabs from 2819 children with ARTIs were collected
from Nanxiang Hospital in Jiading District of Shanghai, China during August 2011 to December
2014. Seventeen common respiratory viruses were detected using a multiplex RT-PCR assay. Seventeen respiratory viruses were detected among 691 (24.5%) of 2819 patients. The highest prevalence of respiratory viruses was detected among age group of less than 1 year (29.0%), and the
prevalence decreased along with age. These suggested that children less than one year old were the
most susceptible population to be infected. Influenza virus (IFV) was the most frequently detected
virus (5.8%), followed by the parainfluenza virus (PIV) (5.7%), enterovirus (EV) (4.3%), and respiratory syncytial virus (RSV) (3.6%). Statistical analyses showed that epidemics of IFV, PIV and EV
had distinct seasonal variations. Mean monthly temperature appeared to be the only meteorological
factor associated with IFV and PIV infection. These findings will provide valuable information for
decision-making, prevention and treatment of ARTIs in Children.
2) Subtype distribution of Hepatitis C virus in Jiangsu, China
HCV genotype distribution varied by regions and transmission modes. To investigate HCV geno-
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type distribution in Jiangsu, 363 samples were collected in five cities of Jiangsu, China during
2011-2012. C/E2 and NS5B fragmentsof HCV were amplified using a multiple RT-nested PCR
strategy and subjected to sequencing. Phylogenetic analysis was performed for HCV genotyping.
Among 106 PCR positive cases, HCV subtypes 1a (0.9%), 1b (61.3%), 2a (15.1%), 3a (4.7%), 3b
(9.4%), 6a (6.6%), 6n (1.9%) were detected. Together with our previous data, we found that HCV
subtypes were more among injection drug users (IDUs) (nine) than among general population (GP)
(six), and the most common subtype among GP was 1b (73.9%), followed by 2a (14.5%), while the
top four common subtypes among IDUs were 3a, 1b, 3b and 6a, with similar prevalence rates (24.4%,
22.7%, 20.9% and 17.4%, respectively). There were nine HCV subtypes prevalent among IDUs in
Jiangsu, more than those in Xinjiang, Hubei, Yunnan, Guangxi, Guangdong and Hong Kong. The
top four common subtypes among IDUs in Jiangsu covered all the two most common HCV subtypes (except 6n subtype) observed in six targeted provinces/region. These results suggested that
Jiangsu may be an important gathering place for various HCV subtypes.
3) Phylogeographic analysis of severe fever with thrombocytopenia syndrome virus from
Zhoushan Islands, China (Figure 2)
Severe fever with thrombocytopenia syndrome (SFTS) is a new infectious disease that emerged in
May 2007 in rural areas of Huaiyangshan Mountain, which links Hubei and Henan Provinces in
Central China. SFTS is characterized by fever, thrombocytopenia, gastrointestinal symptoms, and
leukocytopenia and has a mortality rate of 12.3–20%. The causative agent for SFTS was identified

Figure 2. Genotype distribution of
SFTSV in China, Korea and Japan.
(A) The location of Zhoushan Islands,
(B) Genotype distribution of SFTSV.
Arrows indicate the transmission
routes of SFTSV genotype B and
the transmission routes of SFTSV
genotype A from central China to
Zhoushan.
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as a novel bunyavirus, which was named SFTS bunyavirus (SFTSV) or Huaiyangshan (HYS) virus. From June 2011 to August 2014, 21 cases of infection by severe fever with thrombocytopenia
syndrome bunyavirus (SFTSV) were confirmed in Zhoushan Islands in the Eastern coast of China.
To identify the source of SFTSV in Zhoushan Islands, the whole SFTSV genomes were amplified
and sequenced from 17 of 21 patients. The L, M, and S genomic segments of these SFTSV strains
were phylogenetically analyzed together with those of 188 SFTSV strains available from GenBank.
Phylogenetic analysis demonstrated SFTSV could be classified into six genotypes. The genotypes
F, A, and D were dominant in mainland China. Additionally, seven types of SFTSV genetic reassortants (abbreviated as AFA, CCD, DDF, DFD, DFF, FAF, and FFA for the L, M and S segments)
were identified from 10 strains in mainland China. Genotype B was dominant in Zhoushan Islands,
Japan and South Korea, but not found in mainland China. Phylogeographic analysis also revealed
South Korea possible be the origin area for genotype B and transmitted into Japan and Zhoushan
islands in the later part of 20th century. Therefore, we propose that genotype B isolates were probable transmitted from South Korea to Japan and Zhoushan Islands.
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