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Noteworthy events 2011
Visit of Prof. Bai Chunli, President of the Chinese Academy of Sciences, Mar. 29

Prof. Bai Chunli visits the
Pathogen Diagnostic Center

Prof. Bai Chunli visits the
lab of Viral Hepatitis Unit

Prof. Bai Chunli with IPS
Principal Investigators
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Promoting medical research with major stakeholders in Asia

1.1 Prof. Chen Zhu, Minister
of Ministry of Health of China,
meets IPS-CAS management
and Director General of Institut
Pasteur Paris, Oct.19

1.2 Visits of Prof. Arnold Munnich, Advisor of President Nicolas
SARKOZY for Biomedicine and
Health, Mrs. Sylvie Bermann,
Ambassador of France to China,
June 17

1.3 Prof. Ralf Altmeyer meets
with Minister of Health of Vietnam, Oct. 2011

Institut Pasteur of Shanghai, Chinese Academy of Sciences

12th Meeting of Board of Directors, Oct.18

8th Meeting of Scientific Advisory Board, Oct. 24-25
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IPS participates in the Institut Pasteur International Network

Participation to 2nd SISEA Regional Workshop on Encephalitis, Phnom Penh,
Cambodia, May 5-6, 2011 (Professors Ralf Altmeyer, Lan Ke, Dr. Wang Wei)

Conference “Surveillance and Discovery in Respiratory and Other Emerging
Infectious Diseases”, Phnom Penh, Cambodia, May 29-31, 2011 (Professor
Sun Bing, Dr. Wang Wei with Prof. Vincent Deubel, Director General of Institut Pasteur Cambodia)

Institut Pasteur of Shanghai, Chinese Academy of Sciences

Participation to Young Scientist Forum, Institut Pasteur International
Network, Paris, Nov.8-10, 2011 (Dr. Xu Ke, Ms. Guo Qianqian, Mr.
Benjamin Bailly (Ph.D Candidate))

Participation at HKU-Pasteur
Immunology Course, Hong
Kong, Nov. 2011
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Inauguration of CAS Key Laboratory of Molecular Virology and Immunology

7 Students graduated with Ph.D degree

Farewell party of 2011 graduates

Institut Pasteur of Shanghai, Chinese Academy of Sciences
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The Director’s message

Directors’ Message
Institut Pasteur of Shanghai, Chinese Academy of Sciences (IPS-CAS) is dedicated to the research
on Infectious Diseases that have a great impact on public health in China. In line with China’s
12th 5-year plan IPS-CAS focuses on diseases such as Hepatitis C, Hand Foot and Mouth Disease, Respiratory Viruses, particularly Influenza and latent virus infections such as Herpes.
To achieve these goals, IPS-CAS has put significant efforts on talent recruitment and has significantly strengthened its capacities and capabilities in Virology and Immunology. In 2011, 5 new
principal investigators were recruited and we are proud that one of our new PIs was selected
through the “Recruitment Program of Global Experts” by the Chinese Government. The Pathogen Diagnosis Center (PDC) has enhanced its bioinformatics capacity and been at the forefront
of new partnerships with industry.
In 2011, the scientific output of IPS-CAS has continued to increase with 27 papers published in
peer-reviewed international journals. IPS-CAS’s commitment to education and training was exemplified by 7 students who graduated with a Ph.D degree. The 5th Pasteur-AREVA course on
Inflammation and Vaccine was successfully organized with 25 lecturers and over 200 participants.
The capacity of technical platforms was improved in 2011 through the establishment of 200 KV
Transmission Electron Microscope, a high throughput sequencing and RNA quantitative detection facilities which are open platforms for all research teams.
Partnerships with industry gained momentum in 2011. IPS signed agreements with Hualan
Biological Engineering Inc., L’Oréal, Chongqing Kailian Investment Group respectively, with
grants of over 10 millions RMB all together.
At IPS-CAS, we have a clear goal: to contribute to a better public health in China and in the
world through excellence in teaching and training, research and translation of our science to
concrete public health tools. We look forward to strengthening collaborations with both academic and industry partners worldwide to achieve our goals.

Ralf Altmeyer						
Director General					
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Bing Sun
Co-Director

Research Strategy

Research
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Report from research units

List of research units
Unit
Principal Investigator
				
Molecular Virology
B. SUN
Antiviral Immunity and Genetic Therapy
P. ZHOU
Tumor Virology		
K. LAN
Viral Hepatitis		
J. ZHONG
Immune Regulation
Q.B. LENG
Structural Virology
R. CHEN
Viral Immunology
J.H. WANG
Vaccinology and Antiviral Strategies
Z. HUANG
Molecular Immunology
B. LI		
Hematopoietic Stem Cell and Transgenic
Y. ZHANG
Animal Model
Innate Immunity
G.X. MENG
Immune Signaling and Regulation
H. XIAO
Anti-infection Immunity and Vaccine Research
D.M. ZHOU
Anti-Infective Research
R. ALTMEYER
Innate Defense and Immune Modulation
X.M. ZHANG
Respiratory Infection and Hstopathology
X. SU		
Human Viral Disease Translational Research
X. JIN
Human Parasite Molecular and Cell Biology
L.B. JIANG
Herpesvirus and Molecular Virology
Z.K. Qian
Research
Pathogen Diagnostic Technology research and
K. LAN
Development Center
Dendritic Cell Biology and Viral Sensor
Y.J. Liu(Visiting
		
Professor)
Viral Immunology and Vaccines
R.F. Wang(Visiting
		
Professor)
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Year of
establishment
2005
2005
2006
2006
2007
2007
2009
2009
2009
2009
2009
2010
2010
2010
2012
2012
2012
2012
2012
2010
2009
2009

Unit of Molecular Virology (Established in 2005)
Principal Investigator
Bing Sun
Ph.D in Immunology from Shanghai Second Medical University;
Postdoctoral Fellow (1994-1996) and Visiting Scientist (1996-1999) at NIH (USA)

Team members
Co-Principle Investigator: Ke Xu, Ph.D.
M.S-Ph.D students: Weibin Hu, Shiqi Xie, Qiang Wang, Qinglin Han, Yan Wang, Hong Zhang,
Weiguo Fan, Xinhao Zhao
Co-educated M.S-Ph.D students: Ronghua Zhang (SUZHOU University)
Research assistants: Kai Wang, Wenjing Yu,, Tongyan Wang, Li Li, Chong Chang, Yonglei Ma,
Zhiyang Ling
Administrative staff: Wenjing Xuan

Research objective
We are dedicated in understanding the molecular mechanisms for the pathogenesis of the virus
infection and try to identify host factors that restrict virus infection in human. Human respiratory viruses (influenza A viruses) and hepatitis C virus (HCV) were selected to study their
pathogenesis in virus infection and host factors that control virus infection. Human coronaviruses (SARS, OC43 and 229E) and Enterovirus 71 (which cause hand foot mouth disease) were
selected to study 3a-like and 2B protein serving as viral ion channel protein in regulating virus
release. We mainly focused on the ion channel properties of certain viral proteins and viral-host
interactions as well as viral-host cross talk through the innate immunity.

Highlights of achievements and progress
I Study on viral ion-channel proteins
1. Besides our first identification of viral ion-channel protein in SARS-CoV (Proc Natl Acad
Sci, 2006, 103:12540-12545.), we further found that many human coronaviruses including
HCoV-229E of Class I, HCoV-OC43 of Class II and SARS-CoV Class IIb all encode homology
viroporins, ORF3a, which function as an ion channel. In swine coronavirus, we also found that
ORF3 in PEDV (Porcine Epidemic Diarrhea Virus) presents an ion channel property, and may
contribute to virus release (Fig.1, FEBS Letters, In minor Revision).
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Fig1. Deletion and mutation analysis of
PEDV ORF3 gene. (A) TM truncated ORF3
could not complement the growth phenotype
of the potassium uptake-deficient yeast. (B)
82-98del and 151-172del mutant proteins
lost channel activity in oocytes. (C) Tyr-170
in TM4 domain is important for potassium
channel activity. Y170A (a single amino acid
Tyr-170 replaced by alanine in TM4 domain)
mutant shows only half the wild-type current,
on average. Wt stands for wild-type PEDV
ORF3.

2.More importantly, our viroporin reseasch has extend to the newly epidemic Enterovirus 71
(EV71) circulating among children in Asia-pacific region. We found that EV71 2B protein induces a chloride current which can be inhibited by a chloride channel inhibitor, DIDS. These
data suggest that 2B protein may play an important role in the virus production and is a potential anti-viral drug target (Cell Research, 2011, 1-5.).
II Interplay of influenza A virus and the host systems
1. Sumoylation study on influenza viral proteins.
An increasing number of viral proteins have been reported to interact with the host sumoylation
system, a recently discovered reversible posttranslational modification. Multiple functional outcomes will be generated when a protein is targeted by SUMO. We found that NS1 proteins from
different subtypes of influenza A virus can be sumoylated in vivo (Journal of Virology, 2011,
Jan. 85(2):1086–98.). Furthermore, influenza NP protein is also detected to be sumoylated and
lysine residues in the N-terminus of NP are the sumoylation sites (unpublished). Differ from the
sumoylation of NS1 which stabilizes NS1, sumoylation of NP has no effect on NP’s stability.
Instead, sumoylation of NP contributes to the nuclear maintenance of NP, as NP with K to R
mutations on sumo sites rarely localizes in nucleus in transfected cells and exports out of nucleus much earlier compared with WT NP in infected cells (Fig2).
2. Cell cycle arrest caused by influenza virus infection.
Many viruses interact with the host cell division cycle to favor their own growth. We found
that influenza A virus replication results in G0/G1 phase accumulation of infected cells to facilitate viral protein expression and progeny virus production (Journal of Virology, 2010, Dec;
84(24):12832-40) . Based on this finding, we further identified that influenza NS1 and NP proteins are the viral proteins responsible for cell cycle arrest activity (Fig3).
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Fig2. Sumoylation of
influenza NP protein.
(A) In vivo sumoylation of NP. (B) Sumoylation contributes
to nuclear localization
of NP. Sumoylation
contributes to polymerase activity (C),
plaque size (D), and
virus growth (E).
Fig3. Cell arrest at G0/G1 by influenza NS1 and NP proteins. Cells
were first transfected with indicated
genes and then followed by treatment with Nocodazole for 16h. (A)
NS1 protein from different subtypes inhibits cell cycle at different
strength. (B) NP protein from WSN
virus can also arrest cell cycle at
G0/G1 phage.

3. Residues on PB1 contribute to the polymerase activity of avian influenza viruses which transmit to human recently.
A lysine (K) residue in PB2 627 results in high RNA polymerase activity and viral replication
of influenza A virus in mammalian cells. When 627K is mutated to glutamine (E), polymerase
Fig4. Growth properties of recombinant viruses in mammalian cells and in mice (A)
Plaque phenotypes of the WSN627E virus and
the 473V598P mutated 627E WSN virus at 37
°C in MDCK cells. (B) Growth curves of recombinant viruses in MDCK cells. (C) Growth
curves of recombinant viruses in A549 cells. A
multiplicity of infection of 0.01 recombinant
viruses were infected into 2.5 × 106 MDCK
and A549 cells at 37 °C. Samples were collected at the indicated time points and titrated
in MDCK cells. The titers given for each time
point are the average from two independent experiments. (D) In vivo characterization of the
WSN627E and WSN627E/473V598P viruses.
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activity is reduced and viral replication is restricted. Our work demonstrates that the PB1 subunit (especially residues 473V and 598P) of a H5N1 PB2-627E virus plays a key role in maintaining polymerase activity in human cells (Fig. 4, J Gen Virol. 2011 Nov 16.)
III Development of high-yielding influenza vaccines in Vero cells
The main substrates for producing influenza vaccine are chicken embryo. However, normally,
one embryo can only produce one dose of influenza vaccine, which means that a huge amount
of embryos are needed during a pandemic season especially for our country with a large population. As a result, cell-based production is future option as it can not only avoid of usage of embryos and allergens produced from the embryos, but is also easier manipulated and multiplied.
Here, we used both continuous passage method and recombinant method to rescue an adaptive
vaccine strain in Vero cells. Two candidates were gained which can produce up to 103 fold
higher than WT PR8 strain in Vero cells. Further study will identify the mechanism and sites for
this elevated growth property.
IV Host factors in counteraction with HCV infection
Hepatitis C virus (HCV) infection is a major cause of chronic liver disease world widely. Based
on cDNA microarray data (36,000 genes), protein-motif and domain analysis, we have identified a new host factor, tripartite motif-containing 22 (TRIM22) stimulated about 15.7-fold by
IFNα and up-regulated during HCV infection in Huh-7 cells. Over-expression of TRIM22 suppressed HCV replication. Predictioning method the outcome of the traditional therapy is the
cornerstone of the personalized therapy for HCV infected patients. Here we also proposed a
HCV virus dynamics analysis that will give a more precise prediction for the therapy outcome.

Grants
•
•
•
•

NSFC “3a and its homologous proteins regulate coronaviruses release mechanism and
durg target study” (2009.1-2011.12);
MOST: “The pathogenicity of RNA polymerase and NS1 suppression on IFN-α/ß
production in different strains of avian flu viruses” (2009.1-2012.1);
NSFC: “The pathogenesis to the drug design and surveillance the variance of H1N1 flu”
(2009.6-2010.5);
CAS “The new adjuvant gp96 and the variance research of H1N1 flu” (2009.6-2010.5).

Collaboration (national and international)
•
•
•
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H. D. Klenk in Institut fuer Virologie, Marburg, Germany (Influenza viurs study);
Otto Haller, Georg Kochs in Department of Virology, University of Freiburg, Freiburg,
Germany (Influenza viurs study);
Yuelong Shu in Beijing CDC (Influenza viurs study);

Institut Pasteur of Shanghai, Chinese Academy of Sciences

•
•
•
•
•
•
•
•
•

Jinhua LIU in China Agriculture University (Influenza viurs study);
Tianxian LI Wuhan Institute of Virology, CAS (Influenza viurs study);
Ze Chen, Shanghai Institute of Biological Products (Influenza viurs study);
Jin Zhong, Institut Pasteur of Shanghai (HCV study);
Junqi Niu, No. 1 Hospital of Jilin University (HCV study);
Wolfgang Schwarz, Max-Planck-Institut, (ion-channel research);
Bojian, Zheng in Hong Kong University (SARS study);
Shanghai Institute of Pharmaceutical Industry (anti-virus drug screening);
Hualan Biological Engineering Inc. (Vaccine research).

Presentations at invitation at the national and international conferences
Bing Sun
The 3rd Australia-China Biomedical Research Conference, Melbourne Australia, Apr. 2011
ECM1 controls Th2 cell egress from lymph nodes through re-expression of S1P1
Bing Sun
Symposium in development of Hepatitis diseases research, Changchun China, Jul 2011
Negative regulation of virus-triggered IFNβ signaling pathway by alternative splicing of TBK1
Bing Sun
The 2nd Immunologists Symposium, Taiwan, Aug.2011
ECM1 controls Th2 cell egress from lymph nodes through re-expression of S1P1.
Bing Sun
The 2nd CMI Symposium on Immunology & Qilu International Conference on Infection and
Immunity, Jinan, China, Oct.2011
ECM1 Regulates Th2 Cell Migration
Bing Sun
Sino-French Symposium on Transdisciplinary Infectious Diseases, France, Oct.2011
Pathogenetic study of influenza A virus

Perspectives
•
•
•
•

Set up well-standard ion-channel platform and extend to study other interest viral ion
channel proteins. Drug screen against these viral ion channels.
Study deeply on influenza pathogenesis and immune response to influenza infection.
Understand the effects of innate immunity molecular on HCV life cycle.
Explore new interactions between host and virus in highly concerned viruses as influenza
virus and HCV.
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Publications
1. Kai Wang, Wei Lu, Jianfei Chen, Shiqi Xie, Hongyan Shi, Haojen Hsu, Wenjing Yu, Ke Xu,
Chao Bian, Wolfgang B. Fischer, Wolfgang Schwarz, Li Feng, Sun B*. PEDV ORF3 encodes
an ion channel protein and regulates virus production. FEBS Letters. (Accepted)
2. Xu C, Hu WB, Xu K, He YX, Wang TY, Chen Z, Li TX, Liu JH, Buchy P, Sun B*. Amino
acids 473V and 598P of PB1 from an avian origin influenza A virus contribute to polymerase
activity especially in mammalian cells. J Gen Virol. 2011 Nov 16. [Epub ahead of print]
3. Shiqi Xie, Kai Wang, Wenjing Yu, Wei Lu, Ke Xu, Jianwei Wang, Bin Ye, Wolfgang
Schwarz, Qi Jin, Sun B*, DIDS blocks a chloride-dependent current that is mediated by the 2B
protein of enterovirus 71. Cell Research, 2011, 1-5.
4. Xu K, Ling ZY, Sun L, Xu Y, Bian C, He Y, Lu W, Chen Z, Sun B*. A broad humoral and
cellular immunity elicited by a bivalent DNA vaccine encoding HA and NP genes from a H5N1
virus. Viral Immunol, 2011 Feb; 24(1):45-56.
5. Xu K, Klenk C, Liu B, Keiner B, Cheng J, Zheng BJ, Li L, Han Q, Wang C, Li T, Chen Z, Shu Y,
Liu J, Klenk HD, Sun B*. SUMO1 modification of the non-structural protein 1 of influenza A
virus. Journal of Virology, 2011, Jan. 85(2):1086–98.
6. Kai Wang, Shiqi Xie, Sun B*. Viral proteins function as ion channels. BBA- Biomembranes,
2011,1808, 510-515.

10

Institut Pasteur of Shanghai, Chinese Academy of Sciences

Progress Report by the unit of antiviral
immunity and genetic therapy
Research Team
Paul Zhou		
Hongxing Hu		
Lifei Yang		
Yufeng Song		
Weiming Wang
Fan Zhou
Lihong Liu
Mengran Qian		
Huanhuan Ren		
Guiqing Wang
Jingjing Liu		
Gingyun Dong		
Xiaoyu Ren

Unit Chief
7th year M.S. – Ph. D. student (to be graduated with a Ph .D. in May)
6th year M.S. – Ph. D. student (to be graduated with a Ph .D. in May)
6th year M.S. – Ph. D. student (to be graduated with a Ph .D. in May)
4th year M.S. – Ph. D. student
4th year M.S. – Ph. D. student
2nd year Ph.D. student
2nd year M.S. – Ph.D. student
1st year M.S. – Ph.D. student
Senior Research Assistant
Research Assistant
Research Assistant
Secretary

Research objectives
I HIV Research
Since the failure of the T cell-based phase IIb clinical vaccine trial (STEP) in 2007, HIV-1 vaccine field focuses more on broad neutralizing antibodies (their generation, induction and mechanism of action, etc.). Previously we showed that a non-neutralizing human anti-HIV-1 gp41 antibody (TG15) can be turned into a broad neutralizing antibody when expressed on the surface
of HIV-1 susceptible cells. We named this approach as membrane-bound antibodies (Lee et al. J.
Immunol. 2004). For the past years we have developed a new form of membrane-bound antibodies, i.e. glycosylphosphatidylinositol anchored antibody derivatives. We demonstrated that 1)
with a GPI-attachment signal scFvs are targeted into lipid raft of cytoplasm membrane; 2) GPIscFvs (TG15, AB32, 4E10, X5 and 48d) exhibit various degrees of breadth and potency against
diverse HIV-1 strains; and 3) among them GPI-scFv (X5 and 48d) captured transiently exposed
neutralization epitopes on HIV-1 spikes and remarkably inhibit diverse HIV-1 strains with a
great degree of potency (Wen et al. Retrovirology 2010).
PG9 and PG16 are two recently isolated quaternary-specific human monoclonal antibodies
that neutralize 70 to 80% of circulating HIV-1 isolates. Crystal structure of PG16 shows that
it contains an exceptionally long HCDR3 that forms a unique stable subdomain which towers
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above the antibody surface to confer fine specificity. To determine whether this unique architecture of the HCDR3 itself is sufficient for epitope recognition and neutralization, we developed
GPI-anchored HCDR3 PG16, PG9, b12, E51 and AVF. We demonstrated that GPI-HCDR3 is
expressed and targeted to lipid rafts of plasma membranes. Moreover, GPI-HCDR3 (PG16,
PG9 and E51) specifically neutralize multiple clades of HIV-1 isolates with a great degree of
potency. Furthermore, GPI-anchored HCDR3 (PG16) specifically confers resistant to HIV-1 infection. Finally, the HCDR3 mutations (Y100HF, D100IA and G7) that were previously shown
to compromise neutralization activity of antibody PG16 also abolished neutralization activity of
GPI-HCDR3 (PG16). Thus, we conclude that the HCDR3 of PG16 neutralizes HIV-1 when targeted to the lipid raft of plasma membrane of HIV-1-susceptible cells and GPI-HCDR3 can be
an alternative approach for determining whether HCDR3 of certain antibodies alone can exert
epitope recognition and neutralization (Liu et al. Journal of Virology 2011).
Currently we focus on two aspects of GPI-anchored antibody derivatives. First, we are systematically testing the effect of GPI-scFv (X5) on transmission of HIV-1 captured by dendritic
cells (DC) to CD4+ cells. We demonstrated that GPI-scFv (X5) effectively blocks both cis- and
trans-transfers of HIV-1 from immature DC to CD4+ cells as well as trans-transfer of HIV-1
from mature DC to CD4+ cells. Second, we are developing a trimeric form of GPI-HCDR3 and
demonstrated that trimeric GPI-HCDR3 (PG16) exhibits much greater potency than monomeric
GPI-CDR H3 (PG16).
The development of a successful vaccine against HIV-1 likely requires immunogens that elicit
both broadly neutralizing antibodies against envelope spikes and T cell responses that recognize multiple viral proteins. HIV-1 virus like particles (VLP), because they display authentic
envelope spikes on the particle surface, may be developed into such immunogens. However,
in one way or the other current systems for HIV-1 VLP production have many limitations. To
overcome these, we developed a novel strategy to produce HIV-1 VLP using stably transfected
Drosophila S2 cells. We demonstrated that HIV-1 envelope proteins are properly cleaved,
glycosylated and incorporated into VLP with gag. The amount of VLP released into culture
supernatants is comparable to those produced by insect cells infected with recombinant baculoviruses. Moreover, cryo-EM and tomography revealed average 17 spikes per purified VLP and
antigenic epitopes on the spikes were recognized by broadly neutralizing antibodies 2G12, b12,
VRC01 and 4E10, but not by PG16. Finally, mice primed with DNA and boosted with VLP
in the presence of CpG exhibited anti-envelope antibody responses including ELISA-binding,
neutralizing, ADCC and ADCVI as well as envelope and gag-specific CD8 T cell responses.
Thus, we conclude that HIV-1 VLP produced by the S2 expression system has many desirable
features to be developed into a vaccine component against HIV-1. A patent application based on
this novel VLP production system has been filed and a manuscript was submitted to Journal of
Virology is now under revision.
The species-specific tropism of HIV-1, the primary cause of AIDS, has hindered the development of an animal model of infection and disease. Among nonhuman primates commonly used
for AIDS research, the pig-tailed macaque is uniquely susceptible to HIV-1, although infection
does not persist or cause disease due to an intrinsic block to viral replication. In collaboration
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with Drs. Jason Kimata at the Baylor College of Medicine in Houston and Shiu-lok Hu at the
Washington National Primate Center in Seattle, USA, we first showed much higher transduction
efficiency of VSV-G-pseudotyped HIV-1 vector in PBMCs isolated from pig-tailed macaques than
rhesus macaques. We then demonstrated that robust replication of HIV-1 in pig-tail T cells after
substituting the viral infectivity factor protein, vif, with that from SIV. Finally, we showed that
the HIV-1(N-L4-3)-SIV-vif chimera was persistent in two adult pigtailed macaques for 18 months
post infection (Thippeshappa et al. Journal of Virology 2011). Interestingly, one of the two pigtailed macaques infected with the HIV-1(N-L4-3)-SIV-vif chimera showed CD4 depletion after 3
year’s persistent infection. Currently, additional HSIV chimeras have been constructed and tested
in human and pigtailed macaque cell lines as well as in pigtailed macaque PBMCs. The results
look promising. Very soon they will be inoculated into pigtailed macaques to test their replication,
growth and immunogenicity in vivo. I strongly believe that this HSIV-infected pigtailed macaque
model, if succeeded, will have an enormous impact in HIV vaccine development.
II Influenza Research
Previously, we generated a panel of influenza HA and NA pseudotypes. Using the pseudotypes
we developed a HA/NA pseudotype-based neutralization (PN) assay (Tsai et al. Vaccine 2009).
Currently the PN assay has been used in various studies on vaccine and human monoclonal antibody development against influenza viruses.
First, we have studied on heterosubtypic neutralizing antibody response between the seasonal
influenza vaccine and potential pandemic influenza viruses. We demonstrated that low levels
of heterosubtypic neutralizing antibody response against H5N1 virus were indeed elicited with
seasonal influenza vaccine in humans and in mice. Importantly, we showed that 2 of 27 mice
whose immune sera exhibited similar levels of neutralizing antibody response as homosubtypic
H5N1 VLP actually survived from HPAI H5N1 virus challenge, indicating at certain levels
such heterosubtypic neutralizing antibody response offers immune protection against severity
of H5N1 virus infection (Ding et al. PLoS ONE 2011a).
Second, we used the assay in evaluation of vaccine candidates. Although DNA plasmid and
virus-like particle (VLP) vaccines have been individually tested against HPAI H5N1 viruses,
the combination of both vaccines into a heterologous prime-boost strategy against HPAI H5N1
viruses has not been reported before. We compared neutralizing antibody responses and immune protection elicited with heterologous DNA-VLP, homologous DNA-DNA and VLP-VLP
prime-boost strategies in mice and demonstrate that superior neutralizing antibody response
and protection in mice vaccinated with heterologous DNA prime and VLP boost against HPAI
H5N1 virus. Thus, our results provide strong support for clinical evaluation of heterologous
DNA-VLP prime-boost strategy as a public health intervention against a possible H5N1 pandemic (Ding et al. PLoS ONE 2011b).
Third, in collaboration with John Skehel at National Institute for Medical Research, Mill Hill,
London, United Kingdom, Vincent Deubel at the Institute Pasteur in Cambodia, Linqi Zhang
at the Tsinghua University and Boping Zhou at the Shenzhen Third Hospital, we developed
three fully human monoclonal antibodies (65C6, 100F4 and 3C11) from immortalized memory
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B cells from a H5N1 infected individual. Among them, antibody 65C6 exhibited potent neutralization activity against almost all clades of H5N1 viruses and prophylactic and therapeutic
efficacy against HPAI H5N1 viruses in mice. Studies on HA-antibody complexes by electron
microscopy and epitope mapping indicate that antibody 65C6 binds to a conserved epitope
comprising amino acid residues 118, 121, 161, 164 and 167 on the tip of the membrane-distal
globular domain of HA (Zhou et al. Journal of Virology 2012). A patent application has been
filed. Moreover, in collaboration with Dr. Jianjun Yang at GE Health Center we demonstrated
that perfusion culture using Wave bioreactor is extremely robust for a large-scale production
of human monoclonal antibody by stable S2 cell transfectants (Wang et al. Mol. Biotech. 2011
doi:10.1007/s12033-011-9484-5)
Finally, since the emergence of HPAI H5N1 viruses in 1996, H5N1 viruses have evolved into
10 clades in various host species. Among them, clade 2 is divided into 5 subclades and clade
7 is divided into 2 subclades. High degree of genetic diversity poses enormous burdens and
uncertainty in developing effective vaccines. To overcome this, we took a new approach, i.e.
development of immunogens based on a comprehensive serologic study. We constructed DNA
plasmids encoding codon-optimized HA from 17 representative strains covering all reported
H5 clades and subclades. Using DNA plasmids we generated corresponding H5N1 pseudotypes
and immune sera. We performed an across-board pseudotype-based neutralization assay and
determined antigenic clusters by cartography. We then designed a tri-clade DNA vaccine and
demonstrated that the tri-clade DNA vaccine elicited broadly neutralizing antibody responses
against all H5 clades and subclades and protected mice against high lethal dose heterologous
H5N1 challenge. Thus, we conclude that broadly protective antibodies against all H5 clades and
subclades can indeed be elicited with immunogens on the basis of a comprehensive serologic
study. A manuscript based on these findings was recently accepted by Journal of Virology.

Collaborators
•
•
•
•
•

John Skehel
Vincent Deubel
Jason Kimata
Shui-Lok Hu
Linqi Zhang

National Institutes of Medical Research, MRC, Mill Hill, UK
Institute Pasteur of Cambodia
Barloy College of Medicine, Houston, USA
Washington National Primate Center, Seattle, USA
Tsinghua University

Research Grants (Current)
•

•
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Project Leader in the Grand Science and Technology Special Project on Vaccine against
HIV (Project #2012ZX1001-1010-03) entitled “Research on VLP” (01-01-12 to 12-31-15)
(competitive renewal)
Principal Investigator in the Chinese National Science Foundation grant (#31170871) entitled
“Further study on GPI anchored antibody derivatives against HIV” (01-01-2012 to 12-312015)
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•

•

Principal Investigator in the Chinese Academy of Sciences – Hualan innovation grant
(#KSCX2-EW-R-18) entitled “Human monoclonal antibodies against influenza viruses
and their clinical uses” (9-1-2011 to 8-31-2014)
Principal Investigator from the Mainland in the Chinese National Science Foundation
grant entitled “development of antibody-encoding gene-based therapy against HIV” (0101-2012 to 12-31-2014)

Research Grants (Pending)
•
•

PD/PI in a NIH-NSFC joint grant application entitled “GPI-anchored antibody derivatives
for PrEP” (01-01-2013 to 12-31-2013)
Principal Investigator in the Chinese National Science Foundation grant entitled
“Development of ‘universal’ immunogens against HPAI H5N1 viruses” (01-01-2013-1231-2017)

Research articles published in the last 12 months
1. Ding, H., Tsai, C., Gutiérrez, R. A., Zhou, F., Buchy, P., Deubel, V., and Zhou, P. Superior
Neutralizing Antibody Response and Protection in Mice Vaccinated with Heterologous DNA
Prime and Virus Like Particle Boost against HPAI H5N1 Virus. PLoS ONE 6(1):e16563, 2011
2. Li, R., Qin Y., He, Y., Tao, W.Y., Zhang, N., Tsai, C.G., Zhou, P., and Zhong, J. Production
of hepatitis C virus lacking the envelope-encoding genes for single-cycle infection by providing homologous envelope proteins or vesicular stomatitis virus glycoproteins in trans. J. Virol.
85:2138-2147, 2011
3. Thippeshappa, R., Polacino, P., Kimata, M.Y., Siwak, E.B., Anderson, D., Wang, W., Sherwood, L., Arora, R., Wen, M., Zhou, P., Hu, S-L., and Kimata, J.T. Vif Substitution Enables
Persistent Infection of Pig-tailed 1 Macaques By Human Immunodeficiency virus type. J. Virol.
85:3767-3779, 2011
4. Ding, H., Tsai, C., Gutiérrez, R. A., Zhou, F., Buchy, P., Deubel, V., and Zhou, P. Heterosubtypic Antibody Response Elicited with Seasonal Influenza Vaccine Correlates Partial Protection
against Highly Pathogenic H5N1 Virus. PLoS ONE 6(3):e17821, 2011
5. Liu, L.H., Wen, M., Wang, W.M., Wang, S.M., Yang, L.F., Liu,Y., Qian, M.R., Zhang, L.Q.,
Shao, Y.M., Kimata, J.T., and Zhou, P. Potent and broad anti-HIV-1 activity exhibited by a
glycosyl-phosphatidylinositol-anchored peptide derived from the CDR H3 of broadly neutralizing antibody PG16. J. Virol. 85:8467-8476, 2011
6. Wang, L.L., Hu, H.X., Yang, J., Wang, F., Kaisermayer, C., and Zhou, P. High Yield of Human Monoclonal Antibody Produced 1 by Stably Transfected Drosophila Schneider 2 Cells in
Perfusion Culture Using Wave Bioreactor. Mol. Biotech. 2011 doi:10.1007/s12033-011-9484-5
7. Hu, H.X., Voss, J.E., Gamblin, S.J., Zhang, G., Zhou, F., Wang, G., Tsai, C.G., Wang, L.L,
Wang, F., Deubel, V., Buchy, P., Zhou, B.P., Skehel, J.J., and Zhou, P. A human monoclonal
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antibody specific for a common epitope of H5 hemagglutinin inhibits H5N1 prophylactically
and therapeutically. J. Virol. 86:2978-2989, 2012
8. Zhou, F., Wang, G.Q., Buchy, P., Cai, Z.P., Chen, H.L., Chen, Z.W., Cheng, G.H., Wan, X-F.,
Deubel, V., and Zhou, P. A tri-clade DNA vaccine designed on the basis of a comprehensive
serologic study elicits neutralizing antibody responses against all clades and subclades of HPAI
H5N1 viruses J. Virol. Accepted

Invited oral presentations in national and international meetings by the unit members
•
•
•
•

•
•
•
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Paul Zhou “Design novel immunogens against influenza A viruses”
5th IPS-Areva Course, Shanghai, May, 2011
Weiming Wang “Blockage of HIV-1 transmission through virologic synapse by GPI-scFv (X5)”
3rd China AIDS Vaccine Initiative Symposium, Beijing, September, 2011
Yufeng Song “Update in VLP immunogen development against HIV/AIDS”
3rd China AIDS Vaccine Initiative Symposium, Beijing, September, 2011
Hongxing Hu “Broadly neutralizing human monoclonal antibodies against H5N1 viruses”
Annual meeting of CABSS on Recent Advances in Pathogenic Human Viruses,
Guangzhou, September, 2011
Lifei Yang “HIV-1 VLP produced by stably transfected Drosophila S2 clones”
11th AIDS Vaccine Conference, Bangkok, Thailand, September, 2011
Paul Zhou “Developing GPI-anchored antibody derivative-based strategies against HIV”
2nd US and China symposium on HIV/SIV infection and neuro AIDS, Wuhan, November, 2011
Lihong Liu “GPI-anchored antibody derivatives – a new class of entry inhibitor against HIV”
1st Graduate Student Forum, Chinese Academy of Science, Beijing December, 2011
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Tumor Virology Unit (Established in 2006)
Principal Investigator
Ke LAN
MD., Ph.D. in Pathophysiology, Central South University, China (2001).
Postdoctoral fellow at Department of Microbiology, University of Pennsylvania, USA (2002-2006).

Team member
Co-Principal investigator: Qiang Deng,
Research Assistant, Deguang Liang, Yuan Gao, Haitao Mao, Yu Xin
Postdoctoral fellows: Xing Wang, Min Wei
Ph.D. students: Tian Xia, Xiaofan Li, Xianzhi Lin, Yi Jin, Zhuo Wang, Baosen Jia, Zhihua Qi,
Qinglan Zhao, Lei Bai, Quanzhi Zhang, Rui Sun, Gaiyun Li, Fei Yuan

Research objective
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 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. KSHV encoded LANA-1 as a negative modulator of host acute inflammation
We have found that endothelial activation upon TNF-α stimulation was impaired by LANA-1,
the major KSHV latently expressed gene product, and IL-8 was significantly reduced in endothelial cells upon induction. Transmigration assay revealed that LANA-1 expression dramatically impaired the endothelial chemotactic effect on neutrophils; the extent of which was comparable to that in KSHV infection. A series of biochemical experiments revealed that LANA-1
dramatically attenuated NF-κB activation upon TNF-α induction, by recruiting nuclear p65 to
the elonginB/C-cullin5 ubiquitin ligase complex and degrading it through the ubiquitin–26S
proteasome pathway. Their work for the first time demonstrated KSHV encoded LANA-1 as a
negative regulator of acute inflammatory response, and deepen our understanding of the interac-
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tions between KSHV and host innate immune response. This work was published in Journal of
Virology (Fig1).
2. KSHV-encoded miRNA cooperates with its latent protein to attenuate TGF-beta signaling synergistically
We revealed that ectopic expression of miR-K12-11 in Ramos, a TGF-β-sensitive cell line,
down-regulated TGF-β signaling and facilitated cell proliferation upon TGF-β treatment by
directly targeting SMAD5, an important mediator in TGF-β signaling. In addition, the downregulation of SMAD5 by miR-K12-11 was further confirmed in a de novo KSHV infection system or latently infected KSHV-positive B lymphoma cell lines. More importantly, repression of
miR-K12-11 by a specific sponge inhibitor restored the expression of SMAD5 both in de novo
and latently infected cells. Finally, they found that restoration of SMAD5, in addition to TβRII,
which was epigenetically silenced by latent viral protein LANA, sensitized BC3 cells to the
cytostatic effect of TGF-β signaling. Taken together, their ﬁndings highlight a novel mechanism
in which miR-K12-11 down-regulates TGF-β signaling and suggest that viral miRNAs and
proteins may exert a dichotomy regulation in virus-induced oncogenesis by targeting the same
signaling pathway. This work was published online in Journal of Virology (Fig 2).

Figure 1

Figure 2

3. Therapeutic Vaccination: Foreign antigenic T cell response based active immunization
against chronic hepatitis b
We propose a novel strategy based on a non-HBV antigen-mediated functional T cell response,
which is intended to specifically target HBV and HBV-infected cells (Fig 3). The non-HBV
antigen consists of a portion of a foreign antigenic polyepitope which has been engineered in
the HBV genome to create a recombinant virus (rHBV). Thus, HBV is used as a gene therapy
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vector to deliver the foreign antigenic polyepitope to the liver. Presentation of these immunodominant epitopes by recipient hepatocytes will in turn attract efficient (i.e. non-exhausted) T
cell responses in situ and contribute to HBV clearance. For practical usage, we made use of the
adenovirus vector to delivery rHBV genome directly (Fig 4). MHC humanized lineage (HLA-A2/
DR1) and HBV transgenic mice are used in our study as surrogate models to validate the rHBVbased active immunotherapy. Since rHBV co-maintains with wtHBV in hepatocytes and shares
the same replicative cycle, we could expect that rHBV-based T cell responses might exert their
antiviral functions in a broader and even more efficient way. It might represent an innovative
strategy of active immunotherapy during HBV persistent infection.
4. Mouse models mimicking HBV persistent infection
We are aiming to develop mouse models of HBV persistent infection and pathogenesis based
on either transgenic or non-transgenic strategies. For the non-transgenic model, we made use of
the hydrodynamic injection technique (hyd.) to deliver HBV directly in order to induce HBV
persistent infection. The related methodology includes: 1, virologically induce HBV cccDNA
in the hepatocytes of mice; 2, develop immunological strategies that avoid the innate defenses;
3, blockade of effector T cell response against HBV. On the other hand, we have developed
the transgenic mouse expressing HBV S antigen (HBsAg) modulated by the promoter of rat
PEPCK gene, in order to have the mouse model producing HBV antigens only after birth. The
perinatally liver-produced viral antigen could activate specific T cell response that suppresses
the expression of the viral transgene in turn. In our ongoing study, more efforts are made to
cripple the host immunity in order to induce chronic hepatitis in the mouse model. The surrogate models are expected to be further applied in studies of HBV-related immunopathogenesis
and antiviral evaluations.

Figure 3

Figure 4
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Perspective
Overall, Tumor Virology Unit was running smoothly and steadily during 2011. The grant support is sufficient for ongoing studies. The structure of the team is now optimized and the platforms in the lab are ready for more delicacy scientific works. Hopefully, we expect that more
profound investigations could be done based on the ongoing KHSV and HBV studies, in order
to find the potential antiviral strategies. We are confident that good work will be done in the
next few years.

Grants
•

•
•
•

•

•

Ke Lan (Project Leader), Natural Science Foundation of China grant entitled “Analysis
of the functional significance of the interaction between KSHV RTA protein and
co-repressor TLE2” (2010.01 to 2012.12)
Ke Lan (Sub Project Leader), 973 MOST grant entitled “Basic studies for HCV infection
control” (2009.01 to 2013.09)
Ke Lan (Sub Project Leader), 973 MOST grant entitled “The mechanism of KSHV latent
infection”(2011.01 to 2015.12)
Qiang Deng (Project Leader), Natural Science Foundation of China grant entitled
“Develop mouse models of HBV persistent infection and the chronic hepatitis”
(2012.01 to 2015.12)
Qiang Deng (Project Leader), Youth Natural Science Foundation of China grant entitled
“hepatitis B virus as a gene delivery vector activates functional T cell response to
abrogate the viral persistent infection”(2010.01 to 2012.12)
Yuan Gao (Project Leader), Youth Natural Science Foundation of China grant entitled
“A functional study of LANA-KAP1 protein interaction in KSHV latent infection”
(2012.01 to 2014.12)

Collaboration (National and International)
•
•
•
•
•
•
•

Dr. Erle S. Robertson (University of Pennsylvania) – For KSHV latency study.
Dr. Yan Yuan (University of Pennsylvania) – For KSHV reactivation study.
Dr. Fanxiu Zhu (Florida State University) – For KSHV reactivation study.
Dr. Hao Wen (Xinjiang Medical University) – For KSHV epidemiology study.
Dr. Yu Wei (Institut Pasteur) – For HBV viral entry study.
Dr. Dazhi Zhang (Chongqing Medical University) – For HBV viral entry study.
Dr. Marie Louise Michel (Institut Pasteur of Paris) – For HBV vaccination study.

Invited talk at the International Academic Conference
Yunhua Liu, Ke Lan*. 14th International Workshop on Kaposi’s Sarcoma Associated Herpesvi-
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rus (KSHV) and Related Agents, Helsinki, August 12-August 15, 2011
Ke Lan, “Latency control of KSHV”. Society of Chinese Bioscientists in America Thirteen International Symposium, Guangzhou China, July 25-July 29, 2011

Membership in editorial board in academic journals
Editorial board in <Chinese Journal of Cell Biology>

Publications
1. Liu Y, Sun R, Lin X, Liang D, Deng Q, Lan K*. KSHV-encoded miR-K12-11 attenuates transforming growth factor beta signaling through suppression of SMAD5. J Virol. 2012
86(3):1372-81.
2. Li X, Liang D, Lin X, Robertson ES, Lan K*. Kaposi's sarcoma-associated herpesvirusencoded latency-associated nuclear antigen reduces interleukin-8 expression in endothelial cells
and impairs neutrophil chemotaxis by degrading nuclear p65. J Virol. 2011 85(17):8606-15.
3. Liang D, Lin X, Lan K*. Looking at Kaposi's Sarcoma-Associated Herpesvirus-Host Interactions from a microRNA Viewpoint. Front Microbiol. 2011 2:271.
4. Lin X, Liang D, He Z, Deng Q, Robertson ES, Lan K*. miR-K12-7-5p encoded by Kaposi's
sarcoma-associated herpesvirus stabilizes the latent state by targeting viral ORF50/RTA. PLoS
One. 2011 20;6(1):e16224.
5. Liang D, Gao Y, Lin X, He Z, Zhao Q, Deng Q, Lan K*. A human herpesvirus miRNA attenuates interferon signaling and contributes to maintenance of viral latency by targeting IKKε.
Cell Res. 2011 21(5):793-806.
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Unit of Viral Hepatitis (Established in 2006)
Principal Investigator
Jin Zhong
Ph.D.in Microbiology, University of Texas at Austin, USA (1997-2003)
Postdoctoral fellow at The Scripps Research Institute, USA (2003-2007)

Team members
Research Assistants: Yongfeng Gao, Qingchao Li, Li Li		
Unit Secretary: Cheng Cheng
Postdoctoral fellows: Yimin Tong, Yongfen Xu, Andy Tsun (in co-supervision with Unit of Molecular Immunology)
Ph.D students: Wanyin Tao, Rui Li, Ying He, Jie Lu, Qiang Ding, Yu Xiang, Xuezhi Cao, Tao Yu

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

Highlights of Research Progress & Achievements
1. Study functions of HCV NS3 amphipathic helix α0 in viral life cycle
Formation of a membrane-associated replication complex, composed of viral proteins, replicating viral RNA, and altered cellular membranes, is a hallmark of all plus-strand RNA viruses including HCV. HCV RNA replication occurs in association with altered cytoplasmic membranes
which are termed as “membranous web”. HCV nonstructural proteins NS3, NS4A, NS4B,
NS5A and NS5B, the essential components of replication complex, are all associated with intracellular membranes with their transmembrane or amphipathic helix structures. For NS3, the am-
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phipathic helix α0, formed by the N-terminal amino acid residues 12-23, was reported to serve
as an essential structural determinant for the membrane association of the NS3-NS4A complex.
However, the detailed virological and biological functions of this amphipathic helix in the HCV
life cycle have not been fully explored.
Here, we performed functional analysis to probe the role of this helix α0 in the HCV life cycle.
We first engineered a point mutation termed as M21P in this helix α0 region, which destroyed
the structure of the amphipathic α helix determined by circular dichroism analysis. We demonstrated by confocal microscopy that the disruption of the N-terminal amphipathic helix α0
structure caused loss of the NS3 membrane association ability and change of the subcellular
localization pattern, which then totally abolished HCV replication and viral production without affecting the protease and ATPase/helicase activities of NS3 itself but the protein stability
of NS3 and NS3-NS4A complex. Furthermore, the membrane association and stability of NS3
protein could be restored by replacing the helix α0 with a heterologous amphipathic helix of the
HCV NS5A protein and only the homologous replacement of helix α0 of other HCV genotypes
could restore viral RNA replication and viral production.
Besides its essential role in ensuring membrane association and protein stability of NS3-NS4A
complex, we also found helix α0 functioned importantly in viral assembly. A point mutation,
M21T, in the NS3 helix α0 region, could promote early virus production. M21T mutant had no
apparent influence in viral RNA replication both in the subgenomic replicon and HCVcc systems. However, it did enhance the viral assembly efficiency as the intracellular infectious particles of M21T mutant increased compared to the wild type.
Our results presented important evidence for the biological functions NS3 helix α0 played in viral life cycle and would shed more light on the mechanism of how NS3 contributes to the viral
assembly process. This work has been published in Virology.
2. Viral infection induces type III interferon production which can be blocked by hepatitis
C virus NS3/4A protease.
Type I interferons including interferon-α, -β and -ω play a critical role in innate immune responses against viral infection. Interferon λ, including IL29, IL28A and IL28B, recently identified as a new subfamily of interferon named as type III interferon, was also demonstrated to
suppress virus replication in vitro and in vivo. However, the molecular mechanisms that regulate
the induction of type III interferon during viral infection remain elusive.
Here we demonstrated that IL28 (IFN-λ2/3) interferon production, similar to type I interferon,
represents a primary and direct host response to HCV genomic RNA transfection. IL28 (IFNλ2/3) induction by HCV genomic RNA was dependent upon the activation of NF-κB and IRF3.
We identified a minimal IL28 promoter region consisting of putative NF-κB and IRF3 binding
sites. Furthermore, we showed that HCV infection can inhibit HCV genomic RNA induced IL28
expression, and the viral NS3/4A protease activity was responsible for this inhibitory effect.
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Meanwhile, we are also working on the novel mechanism that regulates the translation of IL28.
Our results presented important evidence for the control of type III interferon response by HCV,
and shed more light on the molecular mechanisms underlying the persistence of HCV infection.
The manuscript on this work is currently under preparation.
3. Physcion, an anthroquinons from a traditional Chinese medicine, possesses potent inhibitory activity against hepatitis C virus infection
The hepatitis C virus (HCV) infects about 40 million people in China and more than 170 million people worldwide. HCV is a positive-stranded RNA virus that mainly infects human hepatocytes, but may also infect other cells including lymphocytes and dendritic cells at much lower
levels. A striking feature of HCV infection is its high chronicity rate with at least 70% of acute
infections progressing to persistence. Persistent infection is often associated with chronic active
hepatitis, leading to liver cirrhosis and hepatocellular carcinoma. As a result, chronic HCV infection imposes a major health problem in the world and is currently the most common cause of
liver transplantation in the United States.
Despite substantial research by a large and growing investigative community, there is no vaccine to prevent this infection and the only approved treatment based on interferon is only
partially effective, expensive and often associated with strong side effects. A dozen of small
molecule anti-HCV inhibitors are in pre-clinical studies or clinical trials. The first two successful compounds, the NS3/4A protease inhibitor Telaprevir and Boceprevir were approved by US
FDA in May 2011. Despite these promising anti-HCV developments, there are still strong needs
for anti-HCV drug development to further improve cure, reduce cost and side effects.
We have screened traditional Chinese medicine herbs for its anti-HCV activity using a wellestablished cell culture model for HCV infection. We found Radix et rhizoma rhei (Da Huang
in Chinese) possesses potent anti-HCV activity. Furthermore, our results indicated that anthroquinons were major components in Da Huang that inhibit HCV infection, of which physcion is
the most potent compound with an EC50 of 81 nM and TC50 of over 17 µM. Our mechanism
of action studies demonstrated that physcion was virocidal and could directly inactivate HCV
virions. Furthermore, physcion display specificity against HCV infection, and could act in a synergistic manner in combination with interferon-α to inhibit HCV infection. Altogether, our results
showed that physcion is a potential anti-HCV drug candidate and worth of further development.

Funding
•
•
•
•
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11th Five-Year National Key Program on Infectious Diseases, MOH, China
973 program project, MOST, China
NSFC General Project
Chinese Academy of Sciences Key Projects
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•
•
•
•

TOTAL research grant on viral hepatitis
Shanghai Pasteur Health Research Foundation
Chinese Academy of Science 100-Talent Program
French Pasteur ACIP Foundation

Collaboration
Intramural collaborators:
Bin Li, Guangxun Meng, Bing Sun, Yan Zhang, Zhong Huang, Rong Chen, Tetsuya
Toyoda, Ralf Altmeyer.
Extramural collaborators:
•
Junqi Niu (No.1 Hospital, Jilin University)
•
Qing Xie (Ruijin Hospital, Shanghai Jiaotong Univeristy)
•
Yong-Jun Liu (MD Anderson Cancer Center, USA)
•
Hongbing Shu (Wuhan University)
•
Wei Yang (Institute of Pathogen Biology, CAMS)
•
Yuanxu Zhang/Lai Ren (Kunming Institute of Zoology, CAS)
•
Deyun Kong/Shuguang Wang (Shanghai Institute of Pharmaceutical Industry)

Publication
1. Li R, Qin Y, He Y, Tao W, Zhang N, Tsai C, Zhou P, Zhong J. (2011) Production of hepatitis
C virus lacking the envelope-encoding genes for single-cycle infection by providing homologous envelope proteins or vesicular stomatitis virus glycoproteins in trans. The Journal of Virology, 85(5):2138-47.
2. Xiang X, Lu J, Dong Z, Zhou H, Tao W, Guo Q, Zhou X, Bao S, Xie Q, Zhong J. (2011)
Viral Sequence Evolution in Chinese Genotype 1b Chronic Hepatitis C Patients Experiencing
Unsuccessful Interferon Treatment. Infection, Genetics, Evolution, Mar;11(2):382-90.
3. He Y, Weng L, Li R, Li L, Toyoda T, Zhong J. (2012) The N-terminal helix α(0) of hepatitis
C virus NS3 protein dictates the subcellular localization and stability of NS3/NS4A complex.
Virology, 422(2):214-23. (Epub 2011 Nov 14)
4. MacPherson, J., Sidders, B., Wieland, S., Zhong, J., Targett-Adams, P., Lohmann, V., Backes, P., Delpuech-Adams, O., Chisari, F., Lewis, M., Parkinson, T., Robertson, D. (2011) An
integrated transcriptomic and meta-analysis of hepatoma cells reveals factors that influence susceptibility to HCV infection. PLoS One, 6(10):e25584.
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Perspectives
We will continue our research on HCV and focus on the following research direction:
•
To study the functional roles of viral proteins in HCV life cycle particularly focusing on
HCV proteins E1, E2 and NS3.
•
To identify critical viral and host factors that determine the outcome of natural HCV
infection and the outcome of interferon therapy of chronic HCV infection.
•
To characterize the regulation of type III interferon induction upon viral infection.
•
To develop experimental cell culture and animal models for HCV infection.

Presentations at invitation at national and international conferences
Jin Zhong
Symposium of Translational Medicine on Liver Diseases, Changchun, China. Jul 2011.
Title: Development of a cell culture model for single-cycle Hepatitis C virus infection.
Ying He
Recent Advances in Pathogenic Human Viruses. Guangzhou, China, Jul 2011.
Title: Subcellular localization of hepatitis C virus NS3 protein determines its biological functions in viral life cycle.
Qiang Ding
Recent Advances in Pathogenic Human Viruses. Guangzhou, China, Jul 2011.
Title: Viral infection induces type III interferon production which can be blocked by hepatitis C
virus NS3/4A protease.
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Unit of Immune Regulation (Established on
Dec.2007)
Principal Investigator
Qibin Leng
Ph.D in Hebrew University of Jerusalem Hadassah Medical School, Israel (2003)
Postdoctoral fellow at Immunology Department of Weizmann Institute of Science, Israel (Jan-Jul,
2003)
Postdoctoral fellow at Centre for Cancer Research of Massachusetts Institute of Technology,
USA (2003-2007)

Team members
Laboratory secretary: Juexian Yi
Research assistant: Ruicheng Wei
Technician: Ying Cui
M.S.-Ph.D students: Kai Zhu, Nining Guo, Na Zhang, Chunhui Yang, Juhao Yang, Jianrong
Wang.
Ph.D. student: Chunfu Yang
M.D candidate student: Bin Xu (Fudan University)
M.S. student: Xiaoyan Zheng, Qingsong Pan (Eastern China Normal University)

Research Interests
Although vaccines and drugs are important to ultimately prevent infectious diseases and cure
infected patients respectively, frequently both of them are not immediately available when
emerging viral infectious disease occurs. Thus, other interventional strategies are greatly appreciated to prevent disease spread and to mitigate disease severity of affected patients. We are
studying the immunological factors that predispose the human individuals to be susceptible to
emerging infectious diseases and affect disease severity. We hope to develop diagnostic tools
for early detection of disease severity and new therapeutic and prophylactic approaches to cope
with infectious diseases.

Research progress
1. NKT cells control the disease development of EV71-infected mice in a TLR3-dependent
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activation manner.
Enterovirus 71 (EV71) has emerged as a significant pathogen causing large outbreaks of hand,
foot and mouth disease (HFMD) in China for the past 3 years. There are 1.57 million HFMD
cases including 905 deaths in 2010. The case number is expected to reach at least 1 million in
2011 as well. Currently, there is neither vaccine for prophylaxis nor antiviral therapy to treat the
disease. Understanding the pathogenic process of EV71 infection may shed light on developing
novel therapy or effective vaccine against HFMD.
Human is generally believed to be the only natural host of EV71, but the virus is able to infect
neonatal or young mice after adaptation. Older human beings and mice appear to resist to disease development caused by EV71 infection. Although inflammation has been implicated in the
disease development, what immunological factors contribute to the age-dependent susceptibility remains unsolved. Our study found that the paucity of NKT cells in the early life caused
sucking mice vulnerable to EV71 infection. EV71 infection in vitro and in vivo led to activation
of NKT cells. Transfer of purified NKT cell into suckling mice dramatically inhibited EV71
replication and prevented disease development. Additionally, TLR3-signaling in macrophages
was essentially required for NKT cell activation in EV71 infection (Fig. 1). Although the NKT
cell activation required both IL-12 production and endogenous antigen presented by CD1d
molecules, only IL-12 was controlled by TLR3 signaling. Altogether, our results implicate that
NKT cells play an important role in controlling EV71 infection in mice, and that modulating
NKT cells may be a good target for immunotherapy against EV71 infection.

Fig1. TLR3 signaling in macrophages triggers NKT cell activation and thereby
controls EV71 infection in young mice.

2. Cross-reactivity ad Th type of EV71 antigen-specific CD4+ T cells likely affect the disease prognosis of HFMD patients.
Several evidences suggest that cellular immune response may be involved in the pathogenesis of the infection. First, a case-control study has revealed that HLA A33 and HLA DR17 is
significantly associated with the occurrence of HFMD, suggesting both MHC class I and II-
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restricted CD4 T cell response are involved in the susceptibility of EV71 infection. Consistent
with the human study, the mice that lack of either CD4 or CD8 T cells develops severe disease
upon infection with mouse-adaptive EV71. In addition, the level of antibody against EV71 does
not correlate with the disease severity, while PBMCs from HFMD patients who have severe
symptoms tends to have lower proliferation to the antigen of inactivated EV71, implying lower
antigen-specific T cell response tends to be associated with the disease severity.
CD4 T cells are central players in the immune responses by providing helper signaling for B
cells to produce antibody and CD8 T cells to become cytotoxic killer cells and also by both recruiting innate immune cells and modulating their responses. Understanding how CD4 T cells
respond to EV71 infection not only shed light on the pathogenic process but also on effective
vaccine development. Previously, Foo et al have attempted to identify the CD4 T cell epitopes
within EV71 VP1 protein with PBMCs obtained from EV71-serapositive adults. They have indeed identified three epitopes that are recognized at various degrees by PBMCs of adults. However, it has been shown that broadly cross-reactivity exists among enteroviruses, and that the
cross-reactive epitopes locate in VP2 and VP3 proteins rather than VP1 proteins. Given the evidence that every child is immunized by poliovirus vaccine and potentially other enteroviruses
in the childhood, thus the immunization or other enteroviruses may affect CD4 T cell response
to EV71 infection and potentially epitope dominance.
We have identified a series of CD4 T cell epitopes in the whole EV71 polyprotein and found
out the dominant epitopes. Our sequence
analysis revealed that the epitope dominance correlates with high degree of
sequence conservation among the enteroviruses. This finding suggests that poliovirus vaccination in early childhood or
infection of other enteroviruses may affect CD4 T cell responses to EV71 infection and thereby change the disease outcome of HFMD caused by the virus. In
addition, we further studied the cytokine
expression profiles of EV71 antigen-specific CD4 T cells of HFMD patients and
healthy adults. We found that the T cells
Fig2. Th2-type antigen-specific T cell response is a
from HFMD patients tend to produce
bad prognostic marker for HFMD patients.
Th2 type cytokines. The patients who had
higher level of IL-4 (a Th2 cytokine) have significantly longer fever duration and slower recovery than the ones who had lower level of IL-4 (Fig. 2).
3. MDSCs control inflammation-caused, collateral liver injury by inhibiting CD4 T cell response.
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Majority of patients infected with hepatitis viruses (such as HBV and HCV) will spontaneously recover. However, some patients develop acute fulminant hepatitis and even die from it,
while others are unable to control the infections and develop chronic hepatitis and even eventually liver cancer. It is believed that CD4 T cells play a central role in determining the disease
outcomes. Namely, excessive CD4 T cell response triggers severe pathology of the fulminant
hepatitis, while weak or absent CD4 T cell response is always associated the chronic infections.
Understanding how CD4 T cell response is regulated in liver holds a promise to develop effective immunotherapy against the viral hepatitis.
Myeloid-derived suppressor cells (MDSCs) are a heterogeneous population of early myeloid
progenitors, immature granulocytes, macrophages, and dendritic cells at different stages of
differentiation. MDSCs have been shown to contribute to the immune tolerance of tumor environment by inhibiting both the cytotoxic activities of natural killer (NK) and NKT cells, and
the adaptive immune response mediated by CD4+ and CD8+ T cells. It has also been reported
that HCV infection can induce MDSCs. In addition, several studies in mouse models also show
existence of MDSCs in liver. However, the detailed nature and inhibitory mechanisms of MDSCs in liver
has not been completely understood.
We characterized the MDSCs in experimental hepatitis mouse models,
and found that the liver MDSCs can
potently inhibit CD4+ T cells but not
CD8 T cells in an iNOS-dependent
manner. Transfer of as few as 10 5
MDSCs could inhibit ConA-induced
fulminant hepatits (Fig. 3). Our study
not only provide a better model for
Fig3. Liver MDSCs inhibit CD4 T cells in iNOS-depenfurther understanding the biology of dent manner and protect mice from fulminant hepatitis.
liver MDSCs but also shed light on
targeting MDSCs for developing immunotherapy against viral hepatitis.

Funding
•
•
•
•
•
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NSFC grant for T cell migration and Type I diabetes (2009-2011).
NSFC grant for T cell immunity and the disease progression of HFMD.
973 National Key Project for HCV infection (2008-2013).
973 National Key Project for Emerging Infectious Diseases (2010-2014).
Li-Kah Shing Foundation for Emerging Infectious Diseases (2010-2011).
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Collaboration
•
•
•
•
•
•
•

Drs Ralf Altmeyer, Guangxun Meng, Qiang Deng, Bin Li and Zhong Huang, IPS.
Dr Mei Zeng, Fudan University Children Hospital.
Dr Zhaomin Zhu, Chongqing University Children Hospital.
Dr Chengfeng Qin, State Key Laboratory of Pathogen and Biosecurity, Beijing Institute
of Microbiology and Epidemiology.
Dr Anne De Groot, EpiVac, Rhode Island University, USA.
Dr Honglin Xu, Bejing Institute of Serum and Biological Products.
Drs Hao Shen and Honglin Wang, Shanghai Jiaotong University Medical School.

Publication
1. Liu F, Liu Q, Cai Y, Leng Q, Huang H. Construction of an infectious clone of coxsackievirus
A16. Virol J 2011, 8(1)534.
2. Deng C, Yang CF, Wan J, Zhu L, Leng Q. Irregular poliovirus vaccination correlates
to pulmonary edema of hand, foot and mouth disease. Clin Vaccine and Immunol, 2011,
18(9):1589-90.
3. Yang C, Deng C, Wan J, Zhu L, Leng Q. Neutralizing antibody response in the patients
with hand, foot and mouth disease to enterovirus 71 and its clinical implications. Virol J 2011,
8(1):306.
4. Liu J, Zhang N, Li Q, Zhang W, Ke F, Leng Q, Wang H, Chen J, Wang H. Tumor-associated
macrophages recruit CCR6 regulatory T Cells and promote the development of colorectal cancer via enhancing CCL20 production in mice. PLoS One. 2011, 6(4):e19495.
5. Liu Q, Ku Z, Cai Y, Sun B,
Leng Q, Huang Z. Detection,
characterization and quantitation of Coxsackievirus A16
usingpolyclonal antibodies
against recombinant capsid
s u b u n i t p r o t e i n s . J Vi ro l
Method, 2011, 173(1):115-20.
6. Li Q, Ke F, Zhang W, Shen
X, Xu Q, Wang H, Yu XZ,
Leng Q, Wang H. Plasmin
plays an essential role in am-
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Reports from Unit of Structural Virology
(Established in 2007)
Team members
Principle Investigator: Rong CHEN
Research Assistants: JinXu GUO, Jing ZHANG, Jian ZHAO, YaLing HE
MS-PhD Students: Ke LV, XiaoXi LIN, ShuBing TANG
PhD Student: FuChun YANG
MS Student: Haoyang LI, HaiDai HU

Research objectives
1. To elucidate the molecular and structural basis of EV71 pathogenesis.
Enterovirus 71 or EV71, a member of the Picornaviridae, has caused significant morbidity
and mortality in China and other Asia-pacific regions. As the major cause of severe hand-footand-mouth disease, EV71 were associated with 353, 905 and 506 fatal cases in 2009, 2010 and
2011 respectively in mainland China (China CDC). Currently, vaccines or drugs are still not
available. We are interested to elucidate the molecular and structural basis of EV71 pathogenesis. Our first goal is to identify key host factors involved in EV71 pathogenesis through yeast
two-hybrid experiments. We will continue by deciphering roles of these host factors involved
in EV71 pathogenesis based on virology studies. In parallel we will carry out x-ray crystallography and cryoEM analysis to understand the structural details of various macromolecular
complexes which are of importance to EV71 pathogenesis, such as virus with receptors or Fab
of neutralization antibodies. We expect our studies will lead to a better understanding of the
mechanism of EV71 pathogenesis, and provide clues for effective drug development.
2. To understand the structural basis of HCV cell entry.
We are interested to elucidate the structural basis of HCV cell entry, through a hybrid approach
including biochemistry and structural biology. HCV accomplishes its cell entry process via two
viral glycoproteins forming as the E1E2 heterodimer, and at least four cellular receptors-CD81,
claudin 1, SRBI and occludin. However, the detailed molecular events underlying HCV cell
penetration process is unclear. Two sets of experiments are carried out in parallel: 1) to produce
large quantities of functional E1E2 heterodimer or functional VLPs with E1E2 incorporated; 2)
to produce functional CD81, claudin 1, SRBI and occludin. We will then in vitro reconstitute
various functional HCV cell entry complexes to elucidate the structural details, and to serve as
model systems for HCV entry-inhibitor screening.
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3. To produce 3D structural views of human paramyxoviruses.
Both human respiratory syncytia virus and parainfluenza virus 3 are leading causes for respiratory tract illnesses. However, host factors important for their pathogenesis are barely known. We
are in the process of identifying these host factors through yeast two-hybrid, GST-pull down and
other related experiments. We will then carry out structural analysis of these identified host factors, either alone or in complex with viral components. Our goal is to produce structural views of
various stages of viral pathogenesis with a hybrid approach of x-ray crystallography and cryoEM.

Highlights of achievements and progress
1. Identification of host factors involved in EV71-host interaction
Yeast two-hybrid approach has been taken to map the EV71 interactome. Various viral proteins
encoded by the EV71 genome have been taken as prey to identify cellular proteins involved in
EV71 pathogenesis. We have identified some host factors, by interacting with viral proteins,
capable of regulating EV71 replication. For example, PCYT2, an important enzyme involved in
the Kennedy pathway, have been identified as a negative regulator of EV71 replication. We are
continue our analysis by fine mapping interacting regions and mechanisms of how such interactions affect EV71 replication.
2. Structural characterization of EV71
We have purified large quantities of empty capsids and virions from either Vero or RD cells.
Crystals have been obtained from both empty capsids and virions. At Shanghai Synchrotron
Radiation Facility, we have collected a number of high-resolution datasets from both types of
crystals. Structures of both empty capsids and virions have been determined. Currently we are
in the process of comparative structure analysis. In addition, we have obtained a 3D reconstruction of EV71 empty capsid at a resolution of 15 Å.
In collaboration with the Academy of Military Medical Sciences, we have obtained neutralization antibodies against EV71. In addition, we are in the process of purifying EV71 receptors.
Future studies will be focused on structural characterization of EV71 in complex with neutral-

Fig1. (Left) A cryoEM micrograph of EV71
empty capsids obtained from 300KV Titan Krios. (Right) A 3D reconstruction of EV71 empty
capsid was generated at a resolution of 15Å.

Fig2. Fitting of the crystal
structure of EV71 empty capsid
(3.4Å resolution) into the EM
reconstruction (15Å resolution).
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ization antibody or identified cellular receptor.

Grants
•
•
•
•

100 Talents Program, CAS (2010-2012)
National Key Project on HCV, Ministry of Health (2008-2010)
Shanghai PuJiang Career Development Award, Shanghai Municipality (2009-2011)
973 Project, MOST (2010-2014)

Collaboration (national and international)
•
•
•
•
•

Dr. Chengfeng QIN, Academy of Military Medical Sciences
Dr. Lingpeng CHENG, Institute of Biophysics, Chinese Academy of Sciences
Dr. Jin ZHONG, Institut Pasteur of Shanghai, Chinese Academy of Sciences
Dr. Jason JIANG, Cincinnati Children’s Hospital, USA
Dr. Xi ZHOU, WuHan University

Perspective
A 200kV Tecnai F20 electron microscope equipped with FEG and cryo-box has recently been
set up, which will be devoted to imaging analysis including negative staining EM, cryoEM and
immuneEM.
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Unit of Viral Immunology (Established in 2009)
Principal Investigator
Jianhua Wang
Ph.D in Virology from Kunming Institute of Zoology, CAS (2005)
Postdoctoral fellow at Medical College of Wisconsin, USA (2005-2009)

Team members
Laboratory secretary: Haiyan Wang
Co-PI: Haibo Wang, PhD
Postdoctoral fellow: Chanjuan Shen
Research assistant: Renrong Tian, Jinfeng Jiang
M.S.-Ph.D student: Yan Qin
M.S. student: Wan Liu, Yanhui Jia (in co-supervision), Rongrong Zhai (in co-supervision),
Ji Zhang (in co-supervision)

Research Objectives
The Unit of Viral Immunology, has 2 main objectives:
1. Cell-mediated HIV-1 transmission and primary infection.
2. Host factors that restrict HIV-1 replication in myeloid cells.

Highlights of Achievements and Progress
1. Circulating FcεRΙ+ progenitor mast cell and basophile granulocytes capture HIV-1 and
efficiently transmit these viruses to encountered CD4+T cells
Human progenitor mast cells (prMCs) and basophiles are the specific cells in blood that expressing high-affinity receptors FcεRΙ. These granulocytes can be stimulated to degranulate for
their best-known roles in the pathophysiology of allergic disorders. Accumulating reports support their essential contributions in host surveilling of invading pathogens such as parasites and
bacteria, while the involvement of prMCs and basophiles in viral infections is enigmatic and
less studied. Several literatures have mentioned the susceptibility of prMCs to HIV-1 infection
due to surface expression of viral receptors. But the prMCs become resistant to new infections
after migration to tissue compartments and maturation. Human tissue mast cells are an inducible reservoir of persistent HIV infection. However, the role of mast cells in HIV infection is
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still obscure. Here we show for the first time that the circulating prMCs and basophiles can
capture HIV-1 and efficiently transmit the virus to encountered CD4+T cell, facilitating viral
dissemination. Dectin-1, a surface expressed C-type lectin, mediates HIV capture and transfer.
Prior blocking via anti-Dectin-1 monoclonal antibodies or specific siRNA interfering of surface
expression can dramatically impair HIV capture and the following viral transmission. Cell-cell
direct contact between these FcεRΙ+ granulocytes and CD4+T target cells to form the virological
synapses is required for viral efficient transfer. Our results figure out the novel potential role of
circulating FcεRΙ+ prMC and basophiles in HIV dissemination, facilitating the understanding
of the complicated HIV primary infection events, and probably provide additional clue against
viral mucosal infection.
2. Opportunistic Fungi Stimulated Dendritic Cells Promote the Capacity to Mediate
HIV-1 trans Infection and Facilitate CD4+T Cells Susceptibility for Viral Infection
Dendritic cells (DCs) play a major role in innate and adaptive immune responses against invading pathogens. DCs are amongst the first target cells for HIV initial infection at the mucosa and
have been shown to be hijacked for viral dissemination. The dysfunction of DCs during HIV-1
infection contributes to host systemic immunosuppression and viral pathogenesis. Host immune
impairment fails to limit the emergence of opportunistic infections or microbial translocations,
which inversely deteriorate immunity responses. While the mechanisms by which co-infection
with opportunistic pathogens and HIV-1 promote viral robust replication to accelerate disease
progression are poorly understood. Here our results indicate that DC functions and its interactions with HIV-1 have been regulated via the stimulation of fungi, the representative pathogens
associated with AIDS. We find that, heat killed opportunistic fungi species, including Candida
albicans, Cryptococcus neoformans, and Penicillium marneffei, can mature monocyte-derived
dendritic cells (MDDC), indicated by the remarkable upregulation of stimulatory or co-stimulatory molecules CD83, CD86 and HLA-DR, et al.; Although fungi stimulation directly impair
HIV-1 replication in DCs, the capacity of DCs-mediated HIV-1 trans infection are significantly
enhanced, mechanistically, stimulated DCs uptake more viral particles in DC-SIGN independent manner, and probably, these intracellular compartment- concentrated viruses resist cellular
degradation via the altered intracellular trafficking. Furthermore, our results show that fungi
stimulated MDDCs, but not fungi alone, can directly activate resting primary CD4+T cells to
provide more susceptible targets for HIV-1 robust replication. In summary, our data indicate
that opportunistic fungi stimulated DCs promote the capacity to mediate HIV-1 trans infection
and facilitate CD4+T cells susceptibility for viral infection. Our results strengthen the opinion
that DCs are continued to be targeted for dysfunction and hijacking to regulate viral dissemination and replication, even during the late stage of HIV infection, highlighting the importance of
understanding of DCs-HIV interactions for immunopathogenesis elucidation.
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Grants
•
•
•
•
•

CAS ‘100 Talent Program’: “The interactions of Dendritic cell- HIV-1 and viral
pathogenesis” (2010.1 to 2012.12)
Shanghai Natural Science Foundation: “The role of MHC-II molecule in Dendritic
cell –mediated HIV-1 transmission” (2010-2012)
SIBS: “The mechanism of Dendritic cell –mediated HIV-1 transmission” (2010-2012)
NSFC: “The activation of Dendritic cells and the enhanced HIV trans infection of T
cells via the stimulation of fungal” (2012-2015)
Shanghai Rising Star (Type A)(2011-2013)

Collaboration
Extramural collaborators:
•
Zhang Chiyu (Jiangsu University);
•
Wei Jifu (The people`s hospital of Jiangsu province)
•
Li Yuye (Medical College of Kunming, Yunnan)
•
Stephen Tsui (Chinese University of HongKong)
Intramural collaborators:
•
Lan Ke

Invited talk at the International Academic Conference
1. Jianhua Wang. The 4th Wuhan International Symposium on Modern Virology and the 2nd
Sino-French Conference on Infectious Diseases. Oct. 19-22, 2011, Wuhan, China.

Publications (2011)
1. Qin Y, Li Y, Liu W, Tian R, Guo Q, et al. Jianhua Wang*(2011) Penicillium marneffei-Stimulated Dendritic Cells Enhance HIV-1 Trans-Infection and Promote Viral Infection by Activating Primary CD4+ T Cells. PLoS ONE 6(11): e27609. doi:10.1371/journal.pone.0027609.
2. Li SK, Leung RK, Guo HX, Wei JF, Wang JH, Kwong KT, Zhang C, Tsui SK. Detection
and identification of plasma bacterial and viral elements in HIV/AIDS patients in comparison to
healthy adults. Clin Microbiol Infect. 2011 doi: 10.1111/j.1469-0691.2011.03690.x.
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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 mucosal infection; 2) the host
factors that restrict the HIV-1 replication in monocytes, and the relative regulation of HIV-1 dependent factors by host microRNA.
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Unit of Vaccinology & Antiviral Strategies
(Established in 2009)
Principal Investigator
Zhong Huang
Ph.D. from China Agricultural University (1997)
Postdoctoral Fellow at Boyce Thompson Institute at Cornell University, USA (1998-2002)
Faculty Research Associate at Arizona State University, USA (2002-2005)
Assistant Research Professor at Center for Infectious Diseases and Vaccinology, Arizona State
University, USA(2005-2008)

Team Members
Research assistants: Xulin Huang,
Lab Secretary: Jiejun Wen
Ph.D. student: Qingwei Liu, Yicun Cai, Jinping Shi
M.S. students: Xiaohua Ye, Fei Liu, Ting Wang, Dapeng Li, Zhiqiang Ku

Objectives
The main interest of our laboratory is to develop novel vaccines and immunization strategies
for important viral diseases.

Research Progress
Hand, foot, and mouth disease (HFMD) is a common illness in children. However, no specific
vaccine or antiviral drug is yet available for HFMD. Coxsackievirus A16 (CVA16) and enterovirus 71 (EV71) are two major etiological agents of HFMD. Currently, our research focuses on
developing safe and effective vaccines against both EV71 and CVA16.
1. Development of assays for detection, characterization and quantification of EV71 and
CVA16
We successfully produced in E.coli the recombinant capsid subunit proteins VP0, VP1 and
VP3 of EV71 and CVA16. We next developed polyclonal antibodies against these recombinant
proteins. These polyclonal antibodies were found to positively detect the corresponding
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ecombinant proteins and viruses by western blot and immunofluoresence staining assays.
Using these antibodies and antigens, we were able to investigate the capsid protein processing,
assembly and localization, and to develop methods for virus quantification.

Immunofluorescence staining analysis.
CVA16-infected Vero cells were incubated with polyclonal guinea pig antiCVVP0 (A–C), anti-CVVP1t (D–F), anti-CVVP3 (G–I), or pre-immune serum
(J–L).

2. Generation of EV71-neutralizing monoclonal antibodies
We have generated several anti-EV71 murine
monoclonal antibodies (mAbs). These mAbs
reacted with EV71 in ELISA, Western blot and
immunofluorescence staining assays. More
importantly, these mAbs potently neutralized EV71
in vitro. Thus, these mAbs are the promising target
for development of humanized mAb therapeutics
and development of EV71 diagnostic tests.

SDS-PAGE analysis of purified antiEV71 mAbs.
M, protein marker;
lane 1, the D5 mAb;
lane 2, the H7 mAb;
and lane 3, the C4
mAb.

3. Construction of infectious clones of EV71
and CVA16
It remains a challenge to directly manipulate the RNA genome of EV71 and CVA16. To circumvent this obstacle, we have constructed infectious cDNA clones for EV71 and CVA16.
Transfection of RD cells with the in vitro transcripts derived from the infectious cDNA clones
could rescue infectious EV71 or CVA16. The rescued viruses were found to be genetically and
functionally identical to their parent counterparts. The availability of these infectious clones
will facilitate future virological studies and vaccine development.
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4. Devlopment of EV71/CVA16 virus like particle vaccine
Virus-like particles (VLPs), which are formed by self-assembly of recombinant viral structural
proteins from many viruses, are structurally and antigenically indistinguishable from the
parental infectious virus, but lack viral nucleic acid and are therefore absolutely noninfectious.
VLPs have emerged as a safe and effective strategy for development of vaccine against viruses.
Using a baculovirus/insect cell recombinant system, we have successfully produced EV71 and
CVA16 VLPs. Immunization of mice with the recombinant VLPs potently elicited antibodies
that neutralized the corresponding viruses in vitro. More importantly, passive transfer of VLPimmunized antisera protected mice from lethal virus infection. Our results thus demonstrated
that VLPs are promising candidate vaccines against EV71 and CVA16 infection.

Electron microscopy of EV71 VLPs

Collaborators
•
•
•
•

Paul Zhou, Jianhua Wang, Bing Sun, Qibin Leng, Yan Zhang at IPS-CAS
Wei Liu (Guangxi CDC, China)
Zhiguo Su (Institute of Processing Engineering, CAS)
Wenqi An, Xiaojun Lin (HUALAN Inc.)

Publications (*corresponding author)
1. Liu Q, Ku Z, Cai Y, Sun B, Leng Q and Huang Z*. (2011) Detection, characterization and
quantification of coxsackievirus A16 using polyclonal antibodies against recombinant capsid
subunit proteins. Journal of Virological Methods 173(1): 115-120.
2. Hao, X; Shang, X; Wu, JZ; Shan, YP; Cai, MJ; Jiang, JG; Huang, Z*; Tang, ZY*; Wang,
HD*. (2011) Single-Particle Tracking of Hepatitis B Virus-like Vesicle Entry into Cells SMALL
2011 May;7(9):1212-1218.
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3. Liu F, Liu Q, Cai Y, Leng Q, and Huang Z*.(2011) Construction and characterization of an
infectious clone of coxsackievirus A16. Virology Journal 2011.Dec; 8:9-17.
4. Feng YF, Liu QW, Ku ZQ, Wen JJ, Shan H, Huang Z*.(2011) Expression of VP0 protein of
enterovirus 71 in Escherichia coli and generation of the corresponding polyclonal antibodies in
guinea pigs. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi. 27(5):535-8. (Chinese)
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Unit of Molecular Immunology (Established in
2009)
Principal Investigator
Bin Li
Ph.D. in Botany from Peking University (2001),
Postdoctoral Fellow (2001-2006) and Research Associate (2006-2009) in Immunology at the
University of Pennsylvania School of Medicine,
Research Visiting Scholar in Immunology in Sir William Dunn School of Pathology at the University of Oxford (2002-2003)

Team members
Research Assistant: Fang Lin, Kongchen Li
Post-doctoral fellow: Andy Tsun (D. Phil.) (supported by CAS Young Scientists Fellowship,
NSFC for International Young Scientists), Dan Li (Ph.D.)
Ph. D students: Yayi Gao, Chen Chen , Zhiyuan Li
M.S-Ph. D students: Zuojia Chen ,Zhao Shan, Jia Nie, Yangyang Li, Jing Yang, Xuerui Luo
M.S student: Shuying Yin
Graduate students (Co-supervising): Zhimei Gao (Fudan University), Jinsong Su (Fudan University), Xiaoxia Hou (Shanghai jiaotong University/Ruijin Hospital), Lina Pan (Shanghai jiaotong University/Ruijin Hospital), Yuanjun Qiu (Zhejiang University), Jiayou Tang (Tongji University/Dongfang Hospital), Miranda Piccioni (University of Perugia, Italy) Augusta NsonwuAnyanwu (supported by TWOWS Fellowship)
Trainee: Yini Li (East China University of Science and Technology)

Research objectives
Our research goal is to elucidate the cellular and molecular mechanisms regulating immune
responses in health and disease including infectious diseases, autoimmune diseases and cancer.
Currently, we are particularly interested in understanding the dynamic role of a subpopulation
of T cells, namely CD4+CD25+FOXP3+ regulatory T cells (FOXP3+Tregs) in major human
infectious diseases.
Activity of the forkhead family transcription factor Forkhead Box P3 (FOXP3) determines the
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immune function of FOXP3+Tregs. Upon infection, FOXP3+Tregs may suppress effector immune cell responses leading to the failure of clearing infection. FOXP3+Tregs may also help to
limit collateral tissue damage during heightened inflammation. Furthering our understanding the
regulation of FOXP3 and the dynamic ensemble of enzymatic cofactors in Tregs can thus provide therapeutic clues on how to control major diseases such as HIV, hepatitis B and C viruses.

Highlights of achievements and progress
Our group runs five main projects, two of which have made significant progress and are at a
near publication stage.
(1) The underlying molecular mechanism of E3 ubiquitin ligase STUB1, a negative modulator of FOXP3 function: This project explores how numerous environmental “danger signals”
generated during inflammation can modulate FOXP3+Treg cell function. Ubiquitination is a
crucial pathway of cell-mediated protein degradation. Zuojia Chen has discovered that a stresssignal activated E3 ubiquitin ligase STIP1 homology and U-box containing protein 1 (STUB1)
can interact with FOXP3, promoting its polyubiquitination and degradation in vitro and in vivo.
We have already presented these data during two international conferences and are at the submission stage for this project.
(2) DBC1 is a Novel Binding Partner of FOXP3: Yayi Gao has generated a FOXP3-expressing stable cell line used for the purification of the FOXP3 transcriptional complex in T cells.
Our Mass Spectrometry sequence results reveal a previously unidentified interaction partner of
FOXP3 named Deleted in Breast Cancer 1 (DBC1), as a subunit of the FOXP3 complex. We
demonstrate that DBC1 does not affect the stability of FOXP3, but competes with the lysine
deacetylase SIRT1 in binding to FOXP3. Our findings suggest that DBC1 is involved in maintaining the acetylated form of FOXP3, which could be crucial for the physiological function of
FOXP3 in Treg cells. We propose that DBC1 acts as a positive regulator of FOXP3 by inhibiting SIRT1 mediated deacetylation of FOXP3, which could represent a new molecular pathway
in modulating FOXP3+Treg function in health and disease.
(3) USP21 is Novel Binding Partner of GATA3 and Positively Regulates the Stability of
GATA3: Regulatory T cells (Tregs) were originally discovered as immune suppressors critical
for self-tolerance and immune homeostasis. Tregs were recently shown to possess plasticity to
convert into effector T cells under certain stimuli. GATA3 expression in Tregs can lead to their
conversion into T-helper 2 cells (Th2) in vivo, unlike the differentiation from naïve CD4 T cells
where GATA3 expression is dependent on STAT6. However, the underlying mechanisms remain undefined. In our studies we found that after the stimulation via the T cell receptor, USP21
expression is up-regulated by FOXP3. Furthermore, USP21 can interact and stabilize GATA3
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by acting as a GATA3-targeted deubiquitinase. The USP21 C221A mutant, however, loses the
ability to stabilize GATA3. Knockdown of USP21 in FOXP3-expressing T cell stable cell lines
leads to the downregulation of GATA3 expression in these cells. Thus, we have identified a
FOXP3-dependent USP21-mediated mechanism that favors Treg-Th2 conversion.
(4) The Underlying Molecular Mechanism of IFITM3 as an Antiviral Restriction Factor:
In order to investigate the anti-viral properties of interferon-induced transmembrane protein 3
(IFITM3) as a host restriction factor, we purified the IFITM3 complex using the Tandem Affinity Purification (TAP) system in TAP-IFITM3 U2OS stable cell lines. After SDS-PAGE and
silver staining, specific bands were sent for Mass Spectrometric (MS) analysis. These MS readings showed that IFITM3 can interact with CCT members (chaperonin containing T-complex
polypeptide (TCP1), also called TRiC (TCP1 ring complex). We then confirmed their interaction via co-immunoprecipitation. Moreover, these MS results reveal that K88 of IFITM3 is
monomethylated. Through sequence alignment, we have predicted several potential methyltransferases of IFITM3. Our preliminary results suggest that IFITM3 may interact with suppressor of variegation 3-9 homolog family 1 (SUV39H1).
(5) Mechanisms Underlying Post-translational Modification of MUM1/IRF4 and Mediated
Transcriptional Regulation in the Immune System: We have successfully generated the
Tandem Affinity Purification-interferon regulatory factor 4 (TAP-IRF4) Jurkat cell line and
purified the complex via the TAP two-step pull–down method. We have identified several
monomethylation sites on IRF4 protein by Mass Spectrometry and verified the interaction
between IRF4 and FOXP3. A point mutation on the monomethylation site (K123) prevents
IRF4 from localizing to the cytoplasm, but has no effect on its interaction with FOXP3. Finally,
our recent data shows that IRF4 protein can interact with the lysine methylatranferase SET8
(PR-Set7/SED8).

Perspective
Recent findings suggested that key transcription factors involved in Th cell differentiation,
such as T-bet, IRF4, GATA3, RORγt and STAT3, are also expressed in FOXP3+Treg cells,
which could determine the specificities of differential subsets of FOXP3+Treg mediated immune regulation. We intend to comprehensively identify the differential subunits of the transcriptional complex in different FOXP3+ Treg subsets, and reveal their functional relevance to
FOXP3+Treg cell mediated immune regulation in health and disease (Figure 1).
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Fig1. Working model on different transcriptional complex mediated regulation of
Treg subsets with differential function.

Grants
Bin Li as PI
1. 100-Talent Program of Chinese Academy of Sciences: Molecular Mechanism of the function of FOXP3+ Treg cells in infectious disease. 02/2009 – 01/2012 PI: B.L.
2. NIH-NSFC Collaborative Grant (No. 81161120417) Post-translational modifications of
FOXP3 in regulatory T cells 2012.01-2012.12 PI: B.L.
3. NSFC Grant (No. 31170825): Mechanism studies of IRF4 protein methylation and it mediated transcriptional regulation. 01/2012 – 12/2015 PI: B.L.
4. NSFC Grant (No.30972702): Mechanism studies of FOXP3 posttranslational modification and complex ensemble in regulatory T cells. 10/2009 – 10/2012 PI: B.L.
5. The Science and Technology Commission of Shanghai Municipality Grant (Grant
No.09JC1416100): Mechanism studies of TLR signal pathway mediated regulation of FOXP3
activity. 9/2009 – 8/2011 PI: B.L.
6. Novo Nordisk-CAS Research Foundation (Grant No. NNCAS-2009-5 (SIBS)): Evaluation of GITR-GITR-L interaction in immune system as a therapeutic target for autoimmune
diseases. 01/2010-01/2012 PI: B.L.
7. The Shanghai Science and Technology Rising-Star Program (Grant No.10QA1407900)
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Mechanism studies of IL-6 signal pathway mediated regulation of FOXP3 activity. 04/2010 –
03/2012 PI: B.L.
8. The CAS network lab on Treg and novel vaccine development (Grant No. KSCX2-YWR-206): Development of FOXP3 inhibitors as potential vaccine adjuvants. 01/2010 – 12/2011
PI: B.L.
9. Tina C Foundation/Lupus Research Award, Arthritis Foundation: The ability of TGF-β to
induce Foxp3+ regulatory T cells in lupus cells. To develop a protocol to induce TGF-β-induced
Foxp3+ regulatory T cells in lupus T cells.07/2010-06/2012 PI: Song-Guo Zheng; co-PI: B.L.
10. L’Oreal Service Agreement C110593. Establishment of a Protocol to evaluate the capacity of nonpathogenic bacteria lysates to stimulate keratinocytes to induce Treg. 07/2011-06/2012
PI: B.L.
Andy Tsun as PI
CAS Fellowship for Young Foreign scientist and Funding supported by NSFC31050110129
(2010.7-2011.6) and NSFC31150110337 (2011.7-2012.6) “The regulation of Foxp3+ regulatory
T-cells (Foxp3+ Treg) in chronic Hepatitis C Virus (HCV) infection in humans”

Collaboration (national and international)
Collaboration at IPS:
Jing Zhong, Bing Sun, Yan Zhang, Ke Lan, Jianhua Wang
Collaboration outside of IPS:
•
Karin Loser (The university of Munester, Germany)
•
Fan Pan(John Hopkins University School of Medicine, USA)
•
Mark Greene (University of Pennsylvania School of Medicine, USA)
•
Song-Guo Zheng (University of South California School of Medicine, USA)
•
Baochi Liu (Fudan University /The Shanghai Public Health Clinical Center)
•
Guochao Shi (Shanghai Jiaotong University Ruijing Hospital)
•
Huimin Fan / Zhongmin Liu (Tongji University Eastern Hospital)

Academic Membership
•
•
•
•
•

2009-present
2011-present
2007-present
2010-present
2011-present

Board of Directors of Shanghai Society of Cell Biology (SSCB)
Editorial board of Frontiers in Immunological Tolerance
Member of American Association of Immunologists
Member of The Chinese Society of Immunology
Member of the Chinese Society of Microbiology
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Selected Publications(2011, corresponding author)
1. Tsun A*, Chen Z and Li B*. Romance of the three kingdoms: RORgammat allies with HIF1alpha against Foxp3 in regulating T cell metabolism and differentiation. Protein & Cell.
2011, DOI 10.1007/s13238-011-1114-2 (* corresponding authors)
2. Tsun A, Li YY and Li B*. You, Me, and Foxp3: Immune Regulation for Two. Immunotherapy, 2011 Oct; 3(10): 1139-42. (* corresponding author)
3. Gao YY, Lin F, Su JS, Gao ZM, Li YY, Yang J, Deng ZH, Tsun A* and Li B*, Molecular
Mechanisms underlying the Regulation and Functional Plasticity of FOXP3+ Treg Cells. Genes
& Immunity, 2011, DOI:10.1038/gene.2011.77 (* corresponding authors)
4. Chen ZJ , Lin F, Gao YY, Li ZY, Zhang J, Xing Y, Deng Z, Yao Z, Tsun A, Li B*,. FOXP3
and RORγt: transcriptional regulation of Treg and Th17. Int Immunopharmacol. 2011
May;11(5):536-42. Epub 2010 Nov 23 (* corresponding author)
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Unit of Hematopoietic Stem Cell and
Transgenic Animal Models (Established in 2009)
Principal Investigator
Zhang Yan, Ph.D.

Team members
Unit Secretary: Yang Xiaoli
Research Assistants: Wang Zhilong, Yuan Xiujie, Ding Xiaodan.
M.S. Students: Zhou Cuihong, Zhou Peipei, Zhang Feng.
Rotation Students: Wan Xiaoling, Liu Lulu.

Transgenic Core Facility
Zhou Xiaogang, Zhang Hui, Jiang yiyi.

Research Objectives
(1) Investigating the functions of Trithorax proteins, the Histone H3K4 methyl-transferase, in
the development and maturation of the immune cells.
(2) Generation of novel genetically engineered mouse models for virology, immunology and
oncology studies.
(3) Induction of hematopoietic cells from ES and iPS cells in vitro.

Highlights of Research Progress & Achievements
1. Generation of Mll2/Alr, Mll3 gene knockout mice.
The Trithorax group of chromatin modifiers regulates pluripotency and differentiation of stem
cells by activating downstream target genes. At least five Trithorax group genes in human and
mouse have been identified: Mll, Mll2/Alr, Mll3, Mll4/Wbp7 and Mll5, all those Trithorax group
proteins contain at least one PHD (Plant homeodomain finger) domain and a SET (Su(var)3‑9,
Enhancer of Zeste, Trithorax) domain and display histone H3K4 methyltransferase activities. In
addition, Setd1A and Setd1B, another two SET domain containing proteins also display histone
H3K4 methyltransferase activities, which are believed to be functionally related to the Trithorax
group proteins.
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Fig1. Generation of Mll2/Alr and Mll3 gene knockout mice

Previous studies including one from us showed that both Mll and Mll5 play critical roles in regulating self-renewal of hematopoietic stem cells. Absence of Mll or Mll5 in hematopoietic cells
results in compromised capacity of reconstitution of hematopoietic stem cells (HSC). However,
the roles of rest members of Trithorax group proteins in hematopoiesis still remain unknown.
So far, several mutant mouse models of Trithorax group genes have been reported: Mll conventional gene knockout mice are embryonic lethal with severe hematopoiesis defects, Mll conditional gene knockout mice displayed impaired HSC self-renewal; Mll2/Alr gene knockout mice
have not been reported; Mll3 partial gene knockout mice lacking the SET domain exhibit partial
perinatal lethality, postnatal growth retardation and adipogenesis; Mll4/Wbp7 conventional gene
knockout mice showed embryonic lethality; Mll5 conventional gene knockout mice exhibit
partial perinatal lethality, postnatal growth retardation and impaired HSC self-renewal. Neither
Setd1A nor Setd1B gene knockout mice has been reported.
To systematically investigate the functions of Trithorax group genes in mammals, we sought to
generate gene-targeted mice of those genes by exploring regular gene-targeting techniques. We
have successfully generated Mll2/Alr and Mll3 gene-targeted mice and the phenotypical analysis
on those mice is ongoing (Figure1). Meanwhile, we are generating Mll4/Wbp7 conditional knockout, Setd1A and Setd1B gene knockout mice. These mouse models will provide useful tools for
dissecting the functions of the Trithorax group genes in the hematopoietic and immune system.
2. Generation of Mll-translocated mouse models for mimicking human mixed lineage leukemia.
Chromosomal aberrations, such as chromosomal translocation, deletion and inversion, are frequently observed in hematopoietic malignancies. Mixed lineage leukemia represents around
5-10% of all clinical leukemia cases displaying poor prognosis. Chromosomal translocations
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of MLL gene are predominant causes of mixed lineage leukemia, and MLL rearrangements are
found in more than 70% of infant leukemias. So far more than 70 MLL fusion partner genes
have been characterized at the molecular level, and AF4, AF9, ELL, ENL, AF10, and AF6 constitute the vast majority (>80%) of the clinical mixed lineage leukemia cases.
“Cre-LoxP” system has been widely used in generation of conditional gene knockout mouse
strains in biomedical research. Recent studies showed that precise manipulation of mouse chromosomes could also be achieved in vivo by using “Cre-LoxP” system (Figure2). To precisely
mimic human mixed lineage leukemia in mice, we sought to employ “Cre-LoxP” system to
generate Mll-Af4, Mll-Af9 and Mll-Ell chromosomal translocation mouse strains.

Fig2. Using “Cre-LoxP” system to create Mll-translocation mouse model

Here we use a special design that the leukemia cells underwent Mll translocation could be detected and tracked in those mice in a real time manner. Briefly, EGF-N and EGFP-C mini gene
cassettes associated with LoxP sites were site-specifically targeted into the proper introns of
Mll gene and Af4, Af9, Ell genes, respectively. Before the chromosome translocation occurs, the
EGF-N and EGFP-C mini gene cassettes are located on separate chromosomes, and no GFP signal could be detected in the cells. When the chromosome translocation occurs, at the same time
of production of Mll-fusion onco-proteins, a functional EGFP gene is formed by the joining of
two formerly separated EGFP-N and EGFP-C mini gene cassettes. Thus the Mll-translocated
leukemia cells could be tracked by detecting GFP fluorescent protein. Thus the leukemia cells
could be easily distinguished from the normal hematopoietic cells by flow cytometry or fluorescence microscopy.
So far, the Mll, Af4, Af9 and Ell “knock-in” targeting vectors have been successfully generated
and transfected into mouse ES cells, and correctly targeted ES cells clones for Af4, Af9 and Ell
have been identified. The identification of correctly targeted ES clones for Mll is ongoing.
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3. Induction of hematopoietic stem cell like cells from ES cells in vitro.
Although a variety of cell types could be derived from ES cell in vitro, the induction of hematopoietic stem cells from ES cells remains challenging. Although previous studies have
showed that enforced expression of transcription factor HoxB4 and Cdx4 could induce mouse
ES cells differentiate into hematopoietic cells, the induced hematopoietic cells were not able to
reconstitute lethally irradiated recipient mice, indicating no functional HSC cells were generated in those system. Not until recently, one study showed that enforced expression of transcription factor Lhx2 in mouse ES cells and co-cultured with OP9 stroma cells line could efficiently
induce mouse ES cells differentiate into HSC like cells in vitro. The induced HSC like cells
share the similar immunophenotyical characters (Lin-, Sca-1+, C-Kit+, LSK) with HSC in the
bone marrow. Moreover, those HSC like cells could reconstitute lethally irradiated recipient
mice for two or three times without the induction of leukemia.

Fig3. Induction of HSC like cells
from mouse ES cells in vitro

Based on the published literature, we set up the same induction system in our lab, and generated
HSC like cells (LSK) from mouse ES cell line E14tg2a. We found that the induced LSK cells
began to appear at as early as day 10 in the system. At day 20, around 50% of induced cells
were LSK cells. The induced LSK cells gradually decreased afterwards and only 3% of LSK
cells were left at day 40 (Figure3).
This novel differentiation system provides us a useful platform not only for investigating the
underlying molecular mechanisms, but also for developing novel therapeutic approaches for human hematopoietic diseases.
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Grants
•
•
•

National Natural Science Foundation (30971672, 81090410)
MOST 973 Project (2010CB945600, 2011CB966300)
CAS, Strategic Priority Research Program, “Stem Cell and Regenerative Medicine”,
(XDA01010205)

Collaborations
•
•
•
•
•
•

Wang Qianfei, Ph.D. Beijing Institute of Genomics, Chinese Academy of Sciences.
Cheng Tao, Ph.D. Institute of Hematology, Chinese Academy of Medical Sciences.
Zhou Xuyu, Ph.D. Institute of Microbiology, Chinese Academy of Sciences.
Hou Baidong, Ph.D. Institute of Biophysics, Chinese Academy of Sciences.
Kevin Shannon, MD. Department of Pediatrics, University of California, San Francisco.
Hugh Brady, Ph.D. Molecular Haematology and Cancer Biology Unit, Institute of Child
Health, University College London.

Publication (2011)
Zhang X, Zhou C, Gao H, Zhang Y*, Yuan J. Transcriptional Regulation of Natural Killer Cell
and Natural Killer T Cell Development. Chinese Bulletin of Life Sciences. (2011) 23(4): 342-347.
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Innate Immunity Research Unit (Established in
2009)
Principal Investigator
Guangxun Meng, Ph.D., Professor
2001-2005 Ph.D, Immunology, Technical University of Munich, Germany.
2005-2010 Post.Doc. Mucosal Immunity, National Institute of Allergy and Infectious Diseases
(NIAID), NIH, USA

Team Members
Associate Professor: Ailing Lu
Post-doctoral fellow: Liming Mao
Research Assistants: Hua Li, Jinling Dang, Cuili Dong
M.S-Ph.D students: Mingkuan Chen, Hongbin Wang, Wei Chen, Xiaomin Yao, Yue Xing
M.S. students(Co-supervising): Guowei Lei(Shandong Normal University)
Trainee: Li Ma, Huanhuan Ren, Yu Yan, Gaiyun Li, Lei Hei

Research direction
NOD like receptors (NLRs) are a recently discovered family of innate immune receptors involved
in microbial pattern recognition and host inflammatory responses. A pyrin domain containing
NLR, namely NLRP3, forms an inflammasome upon activation by a wide spectrum of microbial
products as well as sterile challenge. The inflammasome converts procaspase-1 into its active
form, the later process the proIL-1β and proIL-18 into mature IL-1β and IL-18 respectively.
Mutations in the NLRP3 gene are associated with a number of autoinflammatory diseases due to
excessive IL-1β production. Study with a “Knock-in” mouse model carrying an autoinflammation associated NLRP3 mutation revealed that the hyper-activation of the NLRP3 inflammasome
not only results in over production of IL-1β, but also leads to augemented Th17 cell differentiation, the latter amplifies inflammatory pathogenesis. Besides IL-1β, however, other unknown
factors from antigen presenting cells seem to be also contributing to the Th17 cell differentiation.
One aim of this lab in the near future is to understand the detailed molecular mechanism of NLRP3 activation, and to identify those unknown molecules for further understanding of the in vivo
connection between the NLRP3 inflammasome activation and Th17 cell differentiation.
In addition, a diversity of microbial infection induces IL-1β and IL-18 production from antigen
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presenting cells through activation of NLRP3 and caspase-1. Applying NLRP3, ASC (Apoptosis-associated Speck-like protein with a Caspase-recruitment domain) and caspase-1 “knockout” animals, inflammasome activation by certain viruses and bacteria has been studied and
revealed interesting information. Our lab is going to explore microbial activation of NLRP3
inflammasome in macrophages or dendritic cells by applying different microbes including viruses and fungi, which should gain further insight into the understanding of microbial activation
of inflammasome and help to understand strategies from the host to cope with specific viral or
fungal infection. The long-term aim of this study is to develop approach to control microbial
infection via regulation of inflammasome activation.

Research progress
1. The study of molecular mechanism of NLRP3 inflammasome activation
NLRP3 (NALP3, Cryopyrin, CIAS1 or PYPAF1), one of the most studied NOD-like receptors,
has been linked to a large number of infections and autoimmune/autoinflammatory diseases.
Characterized by a C-terminal leucine-rich repeat (LRR), a central NACHT domain and an Nterminal pyrin domain, the only known role of NLRP3 so far is to form a multi-protein complex
termed NLRP3 inflammasome. The main function of inflammasome is to activate caspase-1,
which then processes two important inflammation mediators, pro-IL-1b and pro-IL-18 to their
mature forms. To date, the detailed mechanism of NLRP3 inflammasome activation is still
elusive. Originally, NLRP3 was thought to bind PAMPs directly like TLRs. However, as more
and more heterogeneous PAMPs and DAMPs found to activate the NLRP3 inflammasome, it is
becoming a consensus that these activators may trigger a common factor or event that leads to
NLRP3 activation. Now we are studying the molecular mechanism of NLRP3 inflammasome
activation in different aspects. The aim of this study is to develop approach to control autoinflammatory diseases via regulation of inflammasome activation.
2. Function of inflammasome in response to fungi infection
The NLRP3 inflammasome has been found to be involved in response to Candida albicans
infection, but it’s role in recognition of many other pathogenic fungi infection has not been explored. To dissect the possible role of inflammasome in Cryptococcus infection, we analyzed
monocytes for inflammasome activation upon Cryptococcus infection, next we will study the in
vivo function of inflammasome in response to Cryptococcus using various infection models, we
will also study the related mechanism from the aspect of fungi as well as the host.

Research Support
1. Grand for 100-Talent Program of Chinese Academy of Sciences
Function of NLRP3 inflammasome in inflammation and viral infectious disease
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12/2009-12/2012
Principal Investigator
2. Grand for Excellent scientist from the Ministry of Human Resources and Social Security of China
Function of NLRP3 inflammasome in the development of colitis
10/01/2011-9/30/2013
Principal Investigator
3. Grant for Inflammation key project from Natural Science Foundation of China
Mechanism study of NLRP3 in the development of colitis and colitis associated cancer
01/01/2011-12/31/2013, (91029707).
Principal Investigator
4.Shanghai Natural Science Foundation: Activation Mechanism Study of NLRP3 inflammasome.
2011.4.1-2014.3.31, (11ZR1442600).
Principal Investigator
5.Novo Nordisk-CAS Research Foundation (NN-CAS-2010-5 (SIBS).
Principal Investigator
6. General Grant from Natural Science Foundation of China
Treatment of NLRP3 associated autoinflammation with induced pluripotent stem cells
01/01/2012-12/31/2015, (31170868).
Principal Investigator

Collaboration
Collaborations within IPS:
Bing Sun, Jin Zhong, Yan Zhang, Qibin Leng, Zhong Huang, Ke Lan
Others Collaborators:
Paride abliz (Xinjiang Medical University)
Lei Xiao(Zhejiang University)
Guiwen yang (Shandong Normal University)

Future Plan
In the coming year our group will fulfill the following aspects of work:
(1) Build up a team of clarified personal duties, cooperative and coordinative spirits and positive attitudes;
(2) Publish 2-3 pieces of paper independently or in collaboration with other groups;
(3) Apply for several grants or funds;
(4) Carry out different collaborative research work within or beyond our institut;
(5) Participate in the construction work of different IPS’ platforms;
(6) Positively involve in the IPS’ employment, job evaluation, student enrollment, academic exhanges, project evaluation and eduation&training programmes.
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Selected Publications from the recent 5 years
1. Lei G, Mao L, Li H, An L, Yang G, Meng G*. Function of Inflammasomes in Anti-Microbial
Infections. Chinese Journal of Cell biology, 2011 Dec, 33(12). (*corresponding author). Invited Review, CoverPage.
2. Chen M, Wang H, Chen W and Meng G*. Regulation of Adaptive Immunity by the NLRP3
Inflammasome. Int.Immunopharmacol., 2010, Nov 27. (*corresponding author).
3. Hu Y, Mao K, Zeng Y, Chen S, Tao Z, Yang C, Sun S, Wu X, Meng G, Sun B. Tripartite-Motif Protein 30 Negatively Regulates NLR Family, Pyrin Domain-Containing 3 Inflammasome
Activation by Modulating Reactive Oxygen Species Production. J Immunol. 2010 Nov 3.
4. Meng G, Strober W. New insights into the nature of autoinflammatory diseases from mice
with Nlrp3 mutations. Eur J Immunol. 2010 Mar;40(3):649-53. Invited Review, CoverPage.
5. Meng G, Zhang F, Fuss I, Kitani A, Strober W. A mutation in the Nlrp3 gene causing inflammasome hyperactivation potentiates Th17 cell-dominant immune responses. Immunity. 2009
Jun 19;30(6):860-74.
6. Zhang F, Meng G, Strober W. Interactions among the transcription factors Runx1, RORgammat and Foxp3 regulate the differentiation of interleukin 17-producing T cells. Nat Immunol.
2008 Nov; 9(11): 1297-306. Epub 2008 Oct 12.
7. Spiller S, Dreher S, Meng
G, Grabiec A, Thomas W,
Hartung T, Pfeffer K, Hochrein H, Brade H, Bessler W,
Wagner H, Kirschning CJ.
Cellular recognition of Trimyristoylated peptide or enterobacterial LPS via both TLR2
and TLR4. J Biol Chem.
2007 May 4;282(18):13190-8.
Epub 2007 Mar 12.
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Immune Signaling and Regulation (Established in
2010)
Principal Investigator
Hui Xiao
Ph.D. Molecular Genetics from Shanghai Institute of Plant Physiology (1994-1997)
Postdoctoral fellow, Dept. of Medicine, Case Western Reserve Univ., U.S.A. (1998-2002)

Team Members
Co-Principal investigator: Min Du, Ph.D.
Assistant professor: Aiping Zang,
Research assistant: Huanjing Shi, Chuanping Yuan, Guopeng Yang
Research secretary: Jing Mu
M.S-Ph.D. students: Zihou Deng, Shixin Ma
M.S. students (Co-supervising): Yuan Gao, Dapeng Ma

Research Objectives
Toll-like receptors (TLRs) superfamily comprises a large group of receptors, which have evolved
to recognize a broad range of molecular signatures associated with microbes. By sensing the presence of invading pathogen or danger signals released by damaged tissue, TLRs activate highly
conserved signaling network, whereby lead to the induction of a plethora of genes involved in
inflammation, immune regulation or tissue remodeling. Despite their pivotal roles in host defense,
inappropriate activation of TLR signaling has been associated with a variety of human diseases,
including chronic inflammation and cancer. Nevertheless, the precise mechanisms underlying the role of TLRs in host defense and inflammation-associated diseases are largely unclear.
The objectives of our research are aimed at uncovering the molecular mechanisms by which
TLRs recognize pathogen, initiate inflammation and tailor adaptive immune response, thereby providing novel insights into development of new vaccines and therapeutic approaches
for chronic inflammation and cancer. We will be primarily focusing on three lines of studies:
1) Decipher the signaling pathways by which TLRs regulate the expression of proinflammatory genes at both transcription level and post-transcriptional levels, providing new
insights into constrain of inflammatory conditions. We are particularly interested in kinases involved in the regulation of transcription, stability and translation of mRNAs.
2) Identify the mechanisms underlying the cross-talk among TLRs, NLRs and RLRs in decod-
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ing pathogen information and shaping immune responses, and design novel vaccine strategies.
3) Generate transgenic mice models to further understand the roles of TLRs in anti-virus infection
and tumorigenesis, and screen and test anti-cancer drugs.

Highlights of Achievements and Progress
1. Determine the mechanisms by which TLR regulates colitis and cancer
We have previously reported that TLRs/IL-1R signaling plays a critical role in maintaining gut
homeostasis, controlling inflammation and suppressing tumorigenesis. To further determine the
mechanisms by which TLRs and IL-1R regulate inflammation and tumorigenesis, we applied
DSS-induced colitis model to B6 mice untreated or treated by IRAK4 kinase inhibitor. Compared to the untreated mice, IRAK4 kinase inhibited mice exhibited extensive tissue damage
and much severer colitis, largely attributing to their defects in repairing damaged epithelium.
Furthermore, AOM+DSS administration induced more colon tumors in mice treated by IRAK4
inhibitor, most of which had highly malignant tumors invading into the submucosa. Western
blotting demonstrated
that NFkB and STAT1/3
activation was attenuated by IRAK4 inhibitor.
Furthermore, real-time
PCR uncovered that decreased IFNγ and IP-10
expression might result
in compromised anti-tumor immune response, contributing to increased tumorigenesis in IRAK kinase inhibited mice.
2. The synergistic effect of TLR and non-TLR ligands in immune regulation
To test the synergistic effect of TLRs and non-TLRs in priming adequate immune responses,
we studied the signaling mechanisms of TLR2 and dectin-1.Despite IRAK4 and IRAK1/2 are
essential components for TLR2 signaling, they are not required for dectin-1 ligand curdlaninduced activation of NFκB and MAPKs IRF3. By real-time PCR, we found that TLR2 ligation
induced robust IL-12 expression, contributing to the polarization of Th1 response. In contrast,
dectin-1 engagement led to IL-23 and IL-10 expression, but very little IL-12 production, resulting Th17 and Th2 response. By co-stimulating macrophages with Pam3 and Curdlan, higher
production of IL-12, IL-23 and IL-17 were induced, supporting an anti-viral Th1/Th17 response. As proinflammatory cytokine TNFα was not further induced, these data implicates that
curdlan/Pam3 could be used as adjuvants for vaccination. Further studies are under way to assess the combined formulation of these non-TLR/ TLR synergism in EV71 vaccine.
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Grants
PI: Hui Xiao
•
CAS“100 Talent Program”, (2011.1-2013.12)
“The role of TLR signaling in immune regulation and vaccine”
•
NSFC General Project, (.2011.1 to 2013.12)
“The mechanisms by which TLR/IL-1R activated mTOR regulates inflammationassociated cancers”
•
NSFC General Project, (2012.1 to 2015.12)
“The critical role of negative regulators of TLR/IL-1R signaling in controlling chronic
inflammation”
•
Grant for Excellent scientist from the Ministry of Human Resources and Social Security
of China (2012.01-2012.12)
Other lab members:
PI: Min Du
•
Shanghai Talent Development Fund ,(2012.1 to 2013.12)
“The research on immune mechanism of EV71 induced severe viral encephalitis”
PI: Aiping Zang
•
NSFC for young scientist ,(2012.1 to 2014.12)
“Research on novel adjuvants by screening small chemicals for TLR-agonist”

Collaboration
Internal
Paul Zhou, Jianhua Wang, Yan Zhang, Zhong Huang, Ke Lan, Xiaoming Zhang.
External
•
Xiaoxia Li, Bin Zhang (Cleveland Clinic Foundation, USA)
•
Aimin Jiang (Roswell Parker
Cancer Institute, USA)
•
Tao Lv (Indiana University,
USA)
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Unit of Anti-infection Immunity and Vaccine
Research (Established in 2010)
Principal Investigator
Dongming Zhou
Ph.D in Pathogen Biology from Xiangya School of Medicine, Central South University, China,
(2001)
Postdoctoral fellow at University of Tennessee, USA (2002)
Postdoctoral fellow at University of Pennsylvania, USA (2002-2004)
Postdoctoral fellow at The Wistar Insitute, USA (2004-2006)
Staff scientist at The Wistar Institute, USA (2006-2010)

Team members
Research assistant: Jinyan Luo, Caihong Zhu, Zhendong Wang, Miao Ding
Postdoctoral researcher: Min Wei, Hongbo Zhang
Graduate student: Yong Yang
Rotation student: Chao Zhang, Yudan Chi, Xiang Wang

Research Objectives
Ou lab is focusing on developing novel vaccines against some certain infectious diseases based
on recombinant adenoviral vectors and exploring the fundamental mechanisms of host immune
responses to infection. Currently, we are studying in the following areas: 1) develop novel adenoviruses as vaccine vectors and study their immunogenicity; 2) develop novel universal influenza A vaccine; 3) study on therapeutic HPV vaccine.

Highlights of Achievements and Progress
1. Research projects on vector development and vaccine research
Adenoviral vectors originally derived from Chimpanzee are the most promising vectors in vaccine research. We already finished cloning one chimpanzee adenovirus termed AdC68 as vaccine vector. Based on this vector, we generated several novel vaccines against influenza, rabies,
HPV and schistosomiasis. We are testing the immune responses and immune protections induced by some of these vaccines in mice.
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2. Research on universal influenza A vaccine
Adenovirus hexon is the most abundant of the viral capsid proteins forming a total of 240 trimers on the surface of the icosahedral capsid, contains 5 variable regions (R1-5) that form five
distinctive loops on top of the molecule. Ad vectors derived from the common human serotype
5 (AdHu5) displaying B cell epitopes from other pathogens within their hexon have been described previously and shown immunogenicity in mice. E1-deleted AdC68 is a vector originally
derived from chimpanzee adenovirus, to which most humans lack neutralizing antibodies. We
inserted the H1N1 M2e epitope into either R1 or R4 of AdC68 hexon. Additional vectors were
constructed that carried the M2e hexon modifications and expressed a fusion protein composed
of NP and 3 different M2e sequences as a transgene at E1-deletion site. Vectors were tested in
comparison to vectors carrying wild-type hexon for immunogenicity and efficacy against influenza A virus infection in mice. Our results show that vectors with modified hexon induced
comparable CD8+ T cell responses in mice. Antibody responses to M2e were markedly higher
upon immunization with the M2e hexon R1 modified vectors. Importantly, the hexon R1 modified vector expressing fusion protein provided 100% of protection against a lethal challenge of
influenza virus in mice. This study has already been submitted for publication.

Grants
•
•

Knowledge Innovation Program of the Chinese Academy of Sciences (Oct.2010-Sept. 2013)
Natural Science Foundation of China (Jan. 2012-Dec. 2015)

Collaboration
Intramural collaborators:
Ke Lan
Extramural collaborators:
Ertl HC (The Wistar Institute, Philadelphia, USA)-Influenza A vaccine
Te-Lang Wu (Prosper Lifesciences, USA)-vectors for gene therapy

Publication(2011)
1. Wu TL, Zhou D*. Viral delivery for gene therapy against cell movement in cancer. Adv
Drug Deliv Rev. 2011; 63(8):671-7.*Corresponding author.
2. Lasaro M, Haut LH, Zhou X, Xiang Z, Zhou D, Li Y, Giles-Davis W, Li H, Engram JC, Dimenna LJ, Bian A, Sazanovich M, Parzych EM, Kurupati R, Small JC, Wu TL, Leskowitz RM,
Klatt NR, Brenchley JM, Garber DA, Lewis M, Ratcliffe SJ, Betts MR, Silvestri G, Ertl HC.
Vaccine-induced T cells Provide Partial Protection Against High-dose Rectal SIVmac239 Chal-
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lenge of Rhesus Macaques. Mol Ther. 2011; 19(2):417-26.
3. Li H, Tuyishime S, Wu TL, Giles-Davis W, Zhou D, Xiao W, High KA, Ertl HC. Adenoassociated Virus Vectors Serotype 2 Induce Prolonged Proliferation of Capsid-Specific CD8(+)
T Cells in Mice. Mol Ther. 2011; 19(3):536-46.
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Unit of Anti-infective research (Established in
2010)
Principal Investigator
Ralf Altmeyer
Ph.D. Thesis on viral vaccine vectors, Institut Pasteur Paris, France 1991-1994
Post-Doc, Institut Pasteur Paris, France (Neuropathogenesis of HIV infections) 1995-1996

Team members
Laboratory secretary: Yimei Zheng
Ph.D students: Yize Li, Kai Wang (graduated in May), Jin Sun, Benjamin Bailly
Research assistants: Peijun Ren, Shuyang Tu, Shanshan Xu, E. Cydnie Bedford (left in September)
Intern: Nevine El Khatib (Pediatic)(left in October)

Research Objectives
Identification of novel therapeutic approaches striking at the virus-host interface. Using chemical probes and compounds in development and drugs for anti-infective therapy we aim to identify novel cellular targets and pathways leveraged by pathogens for efficient replication. Viral
infections with a significant unmet therapeutic need are our main focus of our lab. Our team
focuses on Enterovirus 71 (Hand Foot and Mouth Disease) and respiratory viruses, such as Respiratory Syncytial Virus and Parainfluenzavirus. In collaboration with the Children Hospital of
Fudan University our unit seeks to identify factors that control progression to severe disease in
the target treatment population for HFMD therapy.
Background
Obligate intracellular parasites require the host cell machinery for efficient replication. Cellular
targets have the advantage that they are not subject to high frequency of mutations which make
them attractive as targets for pathogens with high mutation rates or genetically distinct subtypes. The example of the HIV receptor antagonist Maraviroc and the HCV treatment with type
1 Interferon illustrates that targeting the host can achieve antiviral activity in vivo.
Hand, foot and mouth disease (HFMD) has become as an emerging disease in China since
March, 2008. It has struck nearly 3,4 million children of which over 30,000 were severe cases
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with neurological complications. According to the Chinese Ministry of Health 1,355 children
presenting with severe infections have died from the disease. Of note, severe cases and fatalities are rising dramatically with 126 deaths in 2008, 353 in 2009 (280% year-on-year increase)
and 905 in 2010 (252% year-on-year increase; www.moh.gov.cn). While the number of overall
infections remained stable in 2011 (>1.6 million) mortality dropped to 506. HFMD is mainly
caused by enterovirus 71 (EV71) and coxsackievirus A16 (CVA16), both members of the Picornaviridae family. EV71 tends to cause more severe disease and therefore has been paid more
attention to than CVA16. EV71 infection usually causes only mild symptoms in the majority
of patients and is mostly self-limited (Ref. 1). But a few patients with EV71 infection develop
central neuronal disease manifesting as aseptic meningitis, encephalitis or poliomyelitis-like
acute flaccid paralysis, and neurological pulmonary edema or hemorrhage. Pulmonary edema is
the main cause of death in HFMD patients. So far, the mechanisms underlying the neurological
pathogenesis of EV71 infection remain to be fully understood. Currently, there is no vaccine for
immunoprophylaxis nor therapy to treat the disease. Drug development is hampered by the absence of a suitable animal model.
Human parainfluenza viruses (hPIV) and the Respiratory Syncytial Virus (RSV) are both
members of the Paramyxoviridae family, respectively from the Paramyxovirinae and Pneumovirinae subfamilies. Unlike their counterparts hPIV-2 and hPIV-4 that cause mild croup, hPIV-3
and hPVI-1 are currently the second major cause of respiratory disease in children after RSV.
They mainly cause upper and lower respiratory tract infection often leading to bronchiolitis or
pneumonia, and hospitalization. RSV, on the other hand, is the first cause of acute lower respiratory tract infections in newborns worldwide. The fact that only 3 to 5 % of the infected children
are admitted to the hospital during the peak season shows the seriousness of the acute morbidity
from RSV, also leading to severe pneumonia. Nowadays, 90% to 100% of the children older than
5 years of age possess antibodies against these viruses. As a matter of fact, they infect the majority of up-to-2-years old infants mainly during spring and early-summer months each year. The
viruses being very contagious, it emphasizes the need for antiviral therapies as they have been
found to be very infectious not only to children, but also to elderly and immunocompromized.
Indeed, hPIV-3 for instance has been found to show symptoms similar to those caused by the
H1N1 virus. Up till now, no drug or vaccine against any of them has been commercialized.

Highlights of achievement and progress
The lab has identified compounds with known mechanism of action that inhibit EV71 and RSV
replication in vitro and in vivo. These compounds reveal novel cellular mechanisms that given
RSV and EV71 replication in the cell and are candidates for development of future therapeutics.
Through chemical profiling and use of genetic tools the targets are being identified.
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Our clinical investigation of HFMD revealed an inverse correlation of neutralizing antibodies
and severity of HFMD, highlighting that maternal antibodies in infants (<1yr) and antibodies
acquired through natural infection are protective against severe disease. Low levels of neutralizing antibodies in children aged 1-3 years old predispose children to severe EV71 infection.
Our results, published in the Journal of Clinical Virology (Jan 2012), suggest that children in
this age group are the primary target for therapeutic intervention.

Perspective
Compounds with in vitro and in vivo efficacy will be further studies and chemically modified
to achieve improved potency in vitro and efficacy in vivo. We plan to set up a clinical trial for
proof of concept in EV71 infected patients using drugs that have shown efficacy against EV71.

Grant
•
•
•
•

Bill & Melinda Gates Foundation
LKSF “LI KA SHING FOUNDATION”
CAS Innovation funding
SISEA “Surveillance and Investigation of Epidemics in Southeast Asia”

Collaboration
Intramural collaborators:
Ke Lan, Qibin Leng, Bin Li
Extramural collaborators:
•
Mei Zeng (Children’s Hospital of Fudan University )-EV71
•
Griffth University-hPIV&RSV

Publication
1. Owens CM, Mawhinney C, Grenier JM, Altmeyer R, Lee MS, Borisy AA, Lehár J, Johansen LM. Chemical combinations elucidate pathway interactions and regulation relevant to
Hepatitis C replication. Mol Syst Biol. 2010 Jun 8;6:375.
2. Jaume M, Yip MS, Cheung CY, Leung HL, Li PH, Kien F, Dutry I, Callendret B, Escriou N, Altmeyer R, Nal B, Daëron M, Bruzzone R, Peiris JS. Anti-severe acute respiratory
syndrome coronavirus spike antibodies trigger infection of human immune cells via a pH- and
cysteine protease-independent FcγR pathway. J Virol. 2011 Oct;85(20):10582-97. Epub 2011
Jul 20.
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3. Patel K, Lim SG, Cheng CW, Lawitz E, Tillmann HL, Chopra N, Altmeyer R,
Randle JC, McHutchison JG. Open-label phase 1b pilot study to assess the antiviral efficacy of simvastatin combined with sertraline in chronic hepatitis C patients. Antivir Ther.
2011;16(8):1341-6.
4. Zeng M, El Khatib NF, Tu S, Ren P, Xu S, Zhu Q, Mo X, Pu D, Wang X, Altmeyer R.
Seroepidemiology of Enterovirus 71 infection prior to the 2011 season in children in Shanghai.
J Clin Virol. 2012 Jan 20. [Epub ahead of print]
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Unit of Innate defense and immune modulation
Principal Investigator
Xiaoming Zhang
PhD in Immunology from Paris 6 University (2007)
Postdoctoral Fellow at Institut Pasteur Paris (2007-2011).

Research Objectives
1. Human regulatory B cells and their roles in infectious diseases
In recent years, it is recognized that B cells not only play an important role in the adaptive immunity, but also actively take part in immune regulations such as producing cytokines. Particularly, IL-10-producing regulatory B cells (Bregs) have attracted great attention, mostly in
murine studies. We have previously identified a population of IL-10-producing CD5+ murine
Bregs at neonatal stage both in mice and in humans. In this direction, we are interested to perform a systematic characterization of the human Bregs at both physiological and pathogenic
conditions (such as sepsis and HCV chronic infections), and to reveal their development pathways and regulatory mechanisms.
2. Novel innate regulatory mechanisms in anti-Mycobacterial immunity
Tuberculosis (TB) is a serious disease caused by Mycobacterium tuberculosis, which affects
one third of the world population, among which around 9 million people will develop into the
active disease each year. One main reason for the ineffective prevention and treatment of this
disease is that the anti-Mycobacterial immunity is still poorly understood. In early studies, we
have characterized a population of IL-10-producing regulatory granulocytes which dampened
the anti-Mycobacterial immunity in a murine TB model. We will focus on the studies of the human innate immune responses to Mycobacteria and identify the major regulatory cells with the
mechanisms. In addition, we will try to elucidate the roles of regulatory cells during the course
of TB disease and to develop potential intervention strategies.
3. Development of novel therapeutic vaccines
Dendritic cells (DCs) play a central role in immune responses by linking the innate immunity
with the adaptive immunity. Human DCs can be classified into several subsets with differential
functionalities. We will develop the strategies to target the antigen to specific DC subsets and
break the immune tolerance commonly seen in chronic infections. Particularly, we are interested to develop attenuated Salmonella-based recombinant therapeutic vaccines against chronic
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viral infectious diseases and related tumors (such as high-risk HPV infections).

Selected publications
1. Zhang XM, Majlessi L, Deriaud E,Leclerc C and Lo-Man R. Coactivation of Syk kinase and
MyD88 adaptor protein pathways by bacteria promotes regulatory properties of neutrophils.
Immunity, 2009, 31 (5): 761-771.
2. Zhang XM, Deriaud E, Jiao XA, Braun D, Leclerc C and Lo-Man R. Type I interferons
protect neonates from acute inflammation through IL-10 producing B cells. J Exp Med, 2007,
204(5): 1107-1118.
3. Freire T*, Zhang XM*, Deriaud E,Ganneau C, Vichier-Guerre S, Azria E, Launay O, LoMan R, Bay S, and Leclerc C. GlycosidicTn-based vaccines targetingdermal DC favor germinal
center B celldevelopment and potentantibodyresponses in the absence of adjuvant. Blood, 2010,
116(18): 3526-3536. (*: equal contribution)
4. Zhang XM*, Pan XM*, Fang Q, Zheng JY, Hu MZ and Jiao XA. An auto-inducible Escherichia colilysis system controlled by magnesium.J Microbiol Meth, 2009, 79(2): 199-204. (*:
equal contribution)
5. Pan ZM*, Zhang XM*, GengSZ , Cheng NN, Sun L, Liu BB, Huang JL and Jiao XA. Priming with a DNA vaccine delivered by attenuated Salmonella typhimurium and boosting with a
killed vaccine confers protection of chickens against infection with the H9 subtype of avian influenza virus. Vaccine, 2009, 27(7): 1018-1023. (*: equal contribution)

Report 2011

69

Report from research units

Respiratory Infection and Histopathology Unit
Principal Investigator
Xiao Su
Ph.D. in Medicine from Fudan University joint training with University of California San Francisco (UCSF) (2004).
Postdoctoral Fellow in the Cardiovascular Research Institute at UCSF (2004-2007)
Research Faculty Member in the University of Illinois at Chicago (2007-2009) and UCSF
(2009-2012).

Research Objectives
Severe pneumonia caused by bacterial (Pseudomonas, E. coli) or viral (SARS virus, H1N1 influenza) infection can evolve into the clinical syndrome of acute lung injury, a major cause of
respiratory failure that requires intensive care and life support. The mortality of ALI remains
high (~40%) despite the best supportive care. Therefore, better understanding the mechanisms
and new potential therapies are urgently needed to treat this deadly-disease. Our current research projects are mainly focused on determining novel mechanisms involved in the development of acute lung injury and developing new therapies and interventions to improve outcomes
of patients with acute lung injury (ALI) and acute respiratory distress syndrome (ARDS). The
detailed directions are described as follows:
1. Proinflammatory role ofneutrophils in acute lung injury.
Infiltration of neutrophils is a common pathological phenomenon during acute viral and bacterial respiratory infection. As a result of engulfing bacteria or virus, neutrophils in the periphery of lung release destructive factors (elastases, reactive oxygen species, cytokines, etc) to
damage lung epithelial and vascular endothelial cells and cause lung inflammation and edema,
which lead to acute respiratory failure and threaten human life. Therefore, modulating migration of neutrophils is a feasibleway to attenuate acute lung inflammation and injury. Studies
have shown that deficiency of CD47 (an adhesion molecule) delays neutrophil transmigration
and protects LPS-induced acute lung injury and E. coli pneumonia (Su, JI, 2008). Blockage
of neuropeptide-mediated neutrophil migration reduces protease activated receptor 2 agonist
induced airway constriction and inflammation (Su, JI, 2005). This unit is particularly interested
in α7 nicotinic acetylcholine receptor (α7 nAChR), which is an anti-inflammatory molecule
expressed by neutrophils and monocytes. Activation of this receptor can inhibit production of
pro-inflammatory cytokines and reduce migration in neutrophils. How the α7 nAChR regulates function and migration of neutrophils in the viral respiratory infection has not been well
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defined. Therefore, interfering neutrophil function and migration will be an important target for
this research unit to investigate the role of neutrophils during viral respiratory (for example,
H1N1) infection. Several molecules, CD11b, Akt1, and HIF-1α also contribute to the effects of
α7 nAChR pathway in regulating neutrophil function and migration.
2. Therapeutic effects of bone marrow derived stem cells in acute lung injury.
Intrapulmonary administration of bone marrow derived mesenchymal stem cells (MSCs) could
mitigate LPS or E. coli induced pneumonia (JI, 2007). MSCs can interact with alveolar macrophages and neutrophils and down-regulate proinflammatory cytokines (TNF-α) and promotes
anti-inflammatory cytokines (IL-10, IL1-ra) and anti-bacterial peptides (lipocalinor LL-37).
Therefore, mobilization of bone marrow derived stem cells during acute viral or bacterial respiratory infection is supposed to be effective to control lung inflammation and injury. Prelim
data have demonstrated that α7 nAChR is expressed in bone marrow derived stem cells and
α7 nAChR-expressing bone marrow derived stem cells increase in response to lung infection
and injury, and these stem cells are then mobilized to the peripheral blood and the injured lung
under the stimulation of the exogenous α7 nAChR agonists (unpublished data). Thus, another
research interest of this unit is to study how exogenous or endogenous bone marrow derived
stem cells regulate viral or bacterial respiratory (for example, H1N1) infection and what are the
corresponding therapeutic strategies.
3. The role of α7 nAChR pathway in viral infection and immunity.
Inflammatory reflex is required for vagus nerve coordinate with immune system to dampen
inflammation during viral and bacterial infection. α7 nAChR is a key element to mediate this
effect. Thus, stimulation of vagus nerve and activation of α7 nAChR by its specific agonists can
reduce inflammatory responses and improve survival of lethal sepsis. Alveolar macrophages
and neutrophils express α7 nAChR. Activation of α7 nAChR inhibits the pro-inflammatory
cytokines (TNF-α, MIP-2, and HMGB1) in these cells and attenuates acid, endotoxin, and live
E. coli-induced acute lung injury in mouse models (Su, Am J Respir Cell Mol Biol, 2007; JI,
2010). Recent evidence has shown that spleen T cells synthesizing acetylcholine relays the protective effects of vagus nerve stimulation on sepsis. Cholineacetyltransferaseexpressing T cells
and macrophages in the spleen are required for α7 nAChR–meditated anti-inflammatory effect.
This research unitwill testwhether activation ofα7 nAChR pathway affectsregulatory T cells
(Tregs),M1 and M2 macrophage in the spleen and therefore influence the development and outcome of acute viral respiratory infection.
4. Advancing experimental methodology in lung inflammation and injury research.
Direct visualized intratracheal instillation method (Su, ELR, 2004) is a non-invasive and efficient method to deliver fluid into the distal airspaces of the lung. This method has been widely
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used to establish experimental models of acute lung injury and to deliver therapeutic substances
(i.e. stem cells, vaccine) to the distal airspaces of the lung. Monitoring hemodynamics and lung
mechanics can be used to evaluate the effects of anti-inflammatory, bacterial, and viral therapies
in a mouse model (Su, AJP, 2006). RAGE (the Receptor for Advanced Glycation End products),
as a biomarker, can be used to distinguish between direct and indirect models of experimental
acute lung injury in mice (Su, AJP, 2009). This unit will study biomarkers for diagnosing viral
respiratory infection and test the efficacy of viral vaccine or anti-viral agents in the clinically
relevant mouse models.

Selected publications
1. Su X*, Matthay MA, Malik AB. Requisite Role of the Cholinergic α7 nAChR Pathway in
Suppressing Gram-negative Sepsis-induced Acute Lung Inflammatory Injury. J Immunol. 2010;
184(1): 401-410. *Corresponding author.
2. Su X*, Johansen M, Looney MR, Brown EJ, Matthay MA. CD47 Deficiency Protects Mice
from Lipopolysaccharide-Induced Acute Lung Injury and Escherichia coli Pneumonia. J Immunol. 2008; 180(10):6947-53. *Corresponding author.
3. Gupta N, Su X, Popov B, Lee JW, Serikov V, Matthay MA. Intrapulmonary Delivery of
Bone Marrow Derived Mesenchymal Stem Cells Improves Survival and Attenuates Endotoxininduced Acute Lung Injury in Mice. J Immunol. 2007; 179(3), 1855-1863.
4. Matthay MA, Su X. Pulmonary barriers to pneumonia and sepsis. Nature Med. 2007, 13
(7):780-781.
5. Su X*, Lee JW, Matthay ZA, Mednick G, Uchida T, Fang X, Gupta N, Matthay MA. Activation of the α7 Nicotinic Acetylcholine Receptor Reduces Acid-induced Acute Lung Injury in
Mice and Rats. Am J Respir Cell Mol Biol. 2007; 37(2):186-192. *Corresponding author.
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Unit of Herpesvirus and Molecular Virology
Research
Principal Investigator
Zhikang Qian
Ph.D. in Fudan University, Shanghai, China (9/2011-1/2005)
Postdoctoral Research Associate at Department of Molecular Microbiology, Washington University School of Medicine, St. Louis, MO (6/2005-3/2010)
Staff Scientist at Department of Molecular Microbiology, Washington University School of
Medicine, St. Louis, MO (4/2010-3/2012)

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, accumulating evidence suggests that HCMV is involved in the development
of cardiovascular disease and several types of cancers.
Our 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.

Selected publications (5 representative papers)
1. Qian Z*, Xuan B*, Gualberto N, and Yu D. HCMV protein pUL38 suppresses ER stressinduced cell death independent of its ability to induce mTORC1 activation. J Virol. 2011
Sep;85(17):9103-13. (*Contribute equally as first authors)
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2. Perng YC, Qian Z, Fehr AR, Xuan B, Yu D. Human cytomegalovirus gene UL79 is required
for the accumulation of late viral transcripts. J Virol. 2011 May; 85(10):4841-52.
3. Qian Z, Leung-Pineda V, Xuan B, Piwnica-Worms H, Yu D. Human cytomegalovirus protein
pUL117 targets the mini-chromosome maintenance complex and suppresses cellular DNA synthesis. PLoS Pathog. 2010 Mar 19;6(3):e1000814.
4. Xuan B*, Qian Z*, Torigoi E, Yu D. Human Cytomegalovirus Protein pUL38 Induces ATF4
Expression, Inhibits Persistent JNK Phosphorylation, and Suppresses Endoplasmic Reticulum
Stress-Induced Cell Death. J Virol. 2009 Apr;83(8):3463-74. (*Contribute equally as first authors)
5. Qian Z, Xuan B, Hong TT, Yu D. The full-length protein encoded by human cytomegalovirus gene UL117 is required for the proper maturation of viral replication compartments. J Virol.
2008 Apr;82(7):3452-65.
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Pathogen diagnostic technology research and
development center
Director
Ke LAN
MD., Ph.D. in Pathophysiology, Central South University, China (2001).
Postdoctoral fellow at Department of Microbiology, University of Pennsylvania, USA (2002-2006)

Members
Guest professor: Henry WAN (Mississippi State University, Assistant professor)
Associate professor: Wei WANG
Research assistant: Cui MENG, Jia LIU, Lili WANG, Fei XU, Fujia YAO, Hongyan LIU
Master student: Zhixiang HE, Chunyan LI, Ziran YU
Lab secretary: Jin YE

Research
Rapid diagnosis and molecular epidemiology of significant and emerging infectious pathogen
•
looking for gene variation of the viruses that cause major infectious diseases such as
respiratory tract infection and its genetic markers, study of virus molecular evolution,
virus drug-resistance and viral antigen changes in support of antiviral drugs and vaccine
research
•
discovery of new viruses and / or new virus subtype

Main progress
In accordance with the principle of the overall planning and step-by-step implementation,
Pathogen diagnostic technology research and development center (hereinafter referred to diagnostic center) has established at different levels a technology platform and been equipped with
a strong technical team, according to requests of studies in disease etiology, biological characteristics, pathogenesis, and diagnostic methods and techniques development. It became member
laboratory of national emergency detection network of pathogenic microorganisms and external
technical support unit during Expo 2010.
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1. Establishment and integration of rapid high-throughput pathogen diagnostic technology platform with a variety of molecular diagnostic technology
(1) Multiplex PCR for the rapid screening of common viruses: a multiplex PCR was set up and
standardized which simultaneously detected 17 common respiratory viruses (Figure 1). The
technique was promoted in Pasteur Southeast Asia network to become the standard method for
the diagnosis of respiratory virus.

Fig1. Multiplex PCR for detection of 17 common respiratory viruses

(2) DNA chips for rapid genotyping of common viruses: 12 common respiratory viruses and virus subtypes could be identified. The viruses were including influenza A virus (H1-H16, of N1N9), influenza B virus, influenza C virus, respiratory syncytial virus (A and B subtypes), adenovirus (A, D, E, and F subtype), rhinovirus (A, B, and C genotype), corona virus (229E, OC43,
NL63, HKU1, and SARS), enterovirus (EV71 and CA16) and parainfluenza virus (subtypes
1-4) (Figure 2).
(3) Random amplification method combined with high-throughput sequencing for identification of unknown pathogens: the random amplification method combined with high-throughput
sequencing was set up to identify the viral nucleic acid in clinical specimens. The SOPs included the infectious clinical specimen processing, the nucleic acid extraction, and the use of
random primers containing tag sequence in PCR amplification, the construction of PCR product
library for high-throughput sequencing and the database of sequencing results of the viral sequence (Figure 3). We used the reference strains of influenza virus B and compared the specific
real-time PCR, DNA chips and random amplification method combined with high-throughput
sequencing, the minimum virus load required by the high-throughput sequencing was 1014
TCID50, far higher than the real-time PCR (1 TCID50) and DNA chips (104 TCID50). The result proved that DNA chip had higher sensitivity and was suitable for common viral screening;
however, random amplification method combined with high-throughput sequencing could be
used to identify unknown pathogen in specimen. The latter played a role as a reserve and technology in Expo bio-security.
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Fig2. DNA chip
A. Influenza A and influenza B

B. Influenza A H1N1

Fig3. Random amplification method combined with
high-throughput sequencing

C. Parainfluenza 1 and OC43

2. Set-up of bank of common cell lines and reference virus strains
Virus strains of common respiratory and central nervous system viruses, which were isolated
from clinical samples or introduced from ATCC with common cell lines, had been used to establish a bank. The bank currently contains 82 virus reference strains and 26 cell lines (Figure 4
and Table 2), including Influenza virus, Coronavirus, Human coxsackievirus, Human echovirus,
Enterovirus, Human respiratory syncytial virus, Human adenovirus, Human rhinovirus, Human
herpesvirus, Rubella virus, Measles virus, Mumps virus and JC polyomavirus. The bamk is
opened to other groups in the institute.

Fig4. CPE of virus infected cells
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Table2. Cell lines and viruses

3. Bank of respiratory specimens
So far, we have collected more than 2,000 clinical specimens of patients with acute respiratory
infections, which were detected by multiplex PCR to identify the infected virus.
4. Enterprise oriented R & D cooperation
We set up a mode of cooperation with domestic and foreign enterprises, in studies including the
etiological diagnosis and clinical diagnostic kits development. Existing cooperation projects included:
(1) Analysis of the scalp microflora associated to dandruff in the Chinese population: with l’Oreal,
started in Nov.2011
(2) Development of tumor related biomarker chip: with Chongqing Kailian, started in Oct.2010

Facilities
We have Nucleic acid extraction room, Clinical specimen processing room, Molecular laboratory, PCR room, BSL-2 room and Specimen storage room. The equipments we have include
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Roche MagPure NA, Smartcycler, PCR machine, Agilent microarray scanner, Roche GS Junior.
In the dedicated cell culture lab, we have the facilities such as biological safety cabinets, carbon
dioxide incubator, inverted microscope and cell counting instrument; we have cold room and
liquid nitrogen tanks to provide long-term preservation of the cell lines.

Funding
•

•

•

National Science and Technology Key Projects on “Major Infectious Diseases such as
HIV/AIDS, Viral Hepatitis Prevention and Treatment”-The Establishment of Detection
Platform for Viral Infection and Immune Response in the Respiratory System and the
Central Nerve System (2009ZX10004-105)
National Science and Technology Key Projects on “Major Infectious Diseases such as
HIV/AIDS, Viral Hepatitis Prevention and Treatment”-Etiology study of infectious
diseases in Shanghai (2009ZX10004-211)
Surveillance and Investigation of Epidemic Situations in Southeast Asia (SISEA)

Publication
Wang W, Cavailler P, Ren P, Zhang J, Dong W, Yan H, Mardy S, Cailhol J, Buchy P, Sheng J,
Fontanet A, Deubel V. Molecular monitoring of causative viruses in child acute respiratory infection in endemo-epidemic situations in Shanghai. J Clin Virol2010 Nov;49(3):211-8.

Development Goal
•

•
•

Long-term respiratory virus molecular monitoring research, improvement of the cell
line and virus bank, accumulation of the original etiological data for antiviral drugs
and vaccine development
Acceleration of the development of high-throughput pathogen diagnostic platform
to strengthen the bioinformatics strength in response to outbreaks of infectious diseases

Providing cooperation platform for research and development projects with
enterprise
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2011 publications (IPS)
1. Wang L, Hu H, Yang J, Wang F, Kaisermayer C, Zhou P*. High Yield of Human Monoclonal Antibody Produced by Stably Transfected Drosophila Schneider 2 Cells in Perfusion Culture Using Wave Bioreactor. Mol Biotechnol. 2011 Dec 25. [Epub ahead of print]
2. Liu F, Liu Q, Cai Y, Leng Q, Huang Z*. Construction and characterization of an infectious
clone of coxsackievirus A16.Virol J.2011 Dec 13;8(1):534. [Epub ahead of print]
3. Zhang S, Wang Q, Wang J, Mizumoto K, Toyoda T*.Two mutations in the C-terminal domain of influenza virus RNA polymerase PB2 enhance transcription by enhancing cap-1 RNA
binding activity. Biochim Biophys Acta. 2011 Nov 30. [Epub ahead of print
4. Jiang H, Xu Y, Li L, Weng L, Wang Q, Zhang S, Jia B, Hu H, He Y, Jacob Y, Toyoda
T*.Inhibition of influenza virus replication by constrained peptides targeting nucleoprotein. Antivir Chem Chemother. 2011 Nov 17;22(3):119-30.
5. Qin Y, Li Y, Liu W, Tian R, Guo Q, Li S, Li H, Zhang D, Zheng Y, Wu L, Lan K, Wang J*.
Penicillium marneffei-Stimulated Dendritic Cells Enhance HIV-1 Trans-Infection and Promote
Viral Infection by Activating Primary CD4 T Cells. PLoS One. 2011;6(11):e27609. Epub 2011
Nov 16.
6. Xu C, Hu WB, Xu K, He YX, Wang TY, Chen Z, Li TX, Liu JH, Buchy P, Sun B*. Amino
acids 473V and 598P of PB1 from an avian origin influenza A virus contribute to polymerase
activity especially in mammalian cells.J Gen Virol. 2011 Nov 16. [Epub ahead of print]
7. He Y, Weng L, Li R, Li L, Toyoda T, Zhong J*.The N-terminal helix α(0) of hepatitis C virus NS3 protein dictates the subcellular localization and stability of NS3/NS4A complex.Virology. 2011 Nov 14. [Epub ahead of print]
8. Gao Y, Lin F, Su J, Gao Z, Li Y, Yang J, Deng Z, Liu B, Tsun A, Li B*.Molecular mechanisms underlying the regulation and functional plasticity of FOXP3(+) regulatory T cells.Genes
Immun. (Review)2011 Nov 3. doi: 10.1038/gene.2011.77. [Epub ahead of print]
9. Liu Y, Sun R, Lin X, Liang D, Deng Q, Lan K*.KSHV-encoded miR-K12-11 attenuates
transforming growth factor beta signaling through suppression of SMAD5.J Virol.2011 Oct 19.
[Epub ahead of print]
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10. Wang K, Deubel V*. Mice with different susceptibility to Japanese encephalitis virus infection show selective neutralizing antibody response and myeloid cell infectivity.PLoS One.
2011;6(9):e24744. Epub 2011 Sep 16.
11. Liu L, Wen M, Wang W, Wang S, Yang L, Liu Y, Qian M, Zhang L, Shao Y, Kimata JT,
Zhou P*.Potent and broad anti-HIV-1 activity exhibited by a GPI-anchored peptide derived
from the CDR H3 of broadly neutralizing antibody PG16. J Virol.2011 Sep;85(17):8467-76.
Epub 2011 Jun 29.
12. Li X, Liang D, Lin X, Robertson ES, Lan K*.Kaposi's sarcoma-associated herpesvirusencoded latency-associated nuclear antigen reduces interleukin-8 expression in endothelial cells
and impairs neutrophil chemotaxis by degrading nuclear p65. J Virol. 2011 Sep;85(17):860615. Epub 2011 Jun 22
13. Yang C, Deng C, Wan J, Zhu L, Leng Q*.Neutralizing antibody response in the patients
with hand, foot and mouth disease to enterovirus 71 and its clinical implications.Virol J.2011
Jun 16;8:306
14. Te-Lang Wu , Dongming Zhou*, Viral delivery for gene therapy against cell movement in
cancer Adv Drug Deliv Rev.(Review)2011 Jul 18;63(8):671-7,Epub 2011 May 15.
15. Hao X, Shang X, Wu J, Shan Y, Cai M, Jiang J, Huang Z*, Tang Z,* Wang H*. Single-Particle Tracking of Hepatitis B Virus-like Vesicle Entry into Cells. Small. 2011 May 9;7(9):1212-8.
Epub 2011 Mar 24
16. Li YZ, Counor D, Lu P, Liang GD, Huong VT, Nga PT, Loan HT, Sun G, Grandadam M,
Butrapet S, Lavergne JP, Flamand M, Yu YX, Solomon T, Buchy P, Deubel V*.A specific and
sensitive antigen capture assay for NS1 protein quantitation in Japanese encephalitis virus infection.J Virol Methods.2011 Jun 15. [Epub ahead of print]
17. Deguang Liang, Yuan Gao, Xianzhi Lin, Zhiheng He, Qinglan Zhao, Qiang Deng, Ke Lan*
A human herpesvirus miRNA attenuates interferon signaling and contributes to maintenance
of viral latency by targeting IKKε Cell Res.,2011 May;21(5):793-806. Epub 2011 Jan 11
18. Liu Q, Ku Z, Cai Y, Sun B, Leng Q, Huang Z.* Detection, characterization and quantitation of Coxsackievirus A16 using polyclonal antibodies against recombinant capsid subunit
proteins. J Virol Methods.2011 Apr;173(1):115-20. Epub 2011 Feb 3
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19. Ding H, Tsai C, Zhou F, Buchy P, Deubel V, Zhou P*. Heterosubtypic Antibody Response
Elicited with Seasonal Influenza Vaccine Correlates Partial Protection against Highly Pathogenic H5N1 Virus PLoS One. 2011 Mar 25;6(3):e17821.
20. Jiang H, Weng L, Zhang N, Arita M, Li R, Chen L, Toyoda T*Biochemical characterization
of enterovirus 71 3D RNA polymerase. Biochim Biophys Acta. 2011 Mar;1809(3):211-9. Epub
2011 Jan 8
21. Xu K, Ling ZY, Sun L, Xu Y, Bian C, He Y, Lu W, Chen Z, Sun B*.Broad humoral and cellular immunity elicited by a bivalent DNA vaccine encoding HA and NP genes from an H5N1
virus. Viral Immunol. 2011 Feb;24(1):45-56
22. Ding H, Tsai C, Gutiérrez RA, Zhou F, Buchy P, Deubel V, Zhou P.* Superior Neutralizing
Antibody Response and Protection in Mice Vaccinated with Heterologous DNA Prime and Virus Like Particle Boost against HPAI H5N1 Virus PLoS One. 2011 Jan 28;6(1):e16563.
23. Xianzhi Lin, Deguang Liang, Zhiheng He, Qiang Deng, Erle S. Robertson, Ke Lan* miRK12-7-5p Encoded by Kaposi’s Sarcoma-Associated Herpesvirus Stabilizes the Latent State by
Targeting Viral ORF50/RTA Plos One, 2011,Jan 20;6(1):e16224
24. Xie S, Wang K, Yu W, Lu W, Xu K, Wang J, Ye B, Schwarz W, Jin Q, Sun B*. DIDS blocks
a chloride-dependent current that is mediated by the 2B protein of enterovirus 71. Cell Res.
(Letter) 2011 Aug;21(8):1271-5.Epub 2011 Jul 12.
25. Deng C, Yang C, Wan J, Zhu L, Leng Q* Irregular poliovirus vaccination correlates to
pulmonary edema of hand, foot and mouth disease. Clin Vaccine Immunol. (Letter) 2011
Sep;18(9):1589-90. Epub 2011 Jul 13.
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IPS-CAS was approved by the Chinese Academy of Sciences for its qualification to award Ph.D
degree in subject of Biology.
Graduate Course: Basic Virology and Viral Immunology Course was given to the first year
graduate students of the institute, 15 lecturers were involved into the program.
Date
Mar.3
Mar.3
Mar.10
Mar.10
Mar.17
Mar.17
Mar.24
Mar.24
Mar.31
Mar.31
Apr 7
Apr 7
Apr.14
Apr.14
Apr.21
Apr.21
Apr.28
Apr.28
May 5
May 5
May 12
May 12
May.19
May.19
May 26
May 26
Jun. 2
Jun. 2
Jun. 9
Jun. 9
Jun.16
Jun.16
Jun.23
Jun.23
Jun.30

Content
History of virus research
Biosafety in virology laboratory
Virus structure and taxonomy
Viral entry and un-coating
Viral replication – RNA viruses
Viral replication – retroviruses and DNA viruses
Viral assembly and egress
Virus-host cell interaction
Viral pathogenesis
Cell transformation by viruses
Viral vectors for gene delivery
Virus diagnosis
Basic virology techniques
Anti-viral drug therapy
Innate immune responses to viruses
Adaptive immune responses to viruses
Escaping from immune system by viruses
Vaccines against viral diseases
Picornaviridae
Reoviridae
Flaviridae: JEV, DV, YFV, WNV
Hepatitis C virus
Rhabdoviridae and Filoviridae
Paramyxoviridea
Orthomyxoviridae
Coronaviridae
Polymaviridae and Papillomaviridae
Adenoviridae and AAV
Herpesviridae I: HSV, EBV, CMV
Herpesviridae II: VZV, HHV6, HHV7, and KSHV
Poxiviridae
Hepadnaviridae and unclassified agents: HBV,Hepatitis Delta virus and HEV
Retrovirridae: HTLV-1, HTLV-2 and HIV
Viral epidemiology
Examination

lecturer
R. Altmeyer
R. Altmeyer
R. Chen
R. Chen
JH Wang
JH Wang
J. Zhong
J. Zhong
P. Zhou
P. Zhou
P. Zhou
W. Wang
R. Altmeyer
R. Altmeyer
H. Xiao
QB Leng
Zh Huang
Zh Huang
QB Leng
J. Zhong
J. Zhong
J. Zhong
JH Wang
R. Chen
P. Zhou
B. Sun
Y. Zhang
DM Zhou
K. Lan
K. Lan
K. Lan
Q. Deng
JH Wang
H. Wan
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Graduate student academic activities:
Student Journal club and seminar
In 2011, there were 50 presentations given by students, research assistants and post-doc fellows.
Prizes were given to the following people:
Journal club:
1st grade award: Hongbin Wang (Supervisor: Guangxun Meng)
2nd grade award: Wanyin Tao (Supervisor: Jin Zhong), Zuojia Chen (Supervisor: Bin li)
Seminar:
1st grade award: Andy Tsun (Supervisor: Bin Li)
2nd grade award: Qianqian Guo (Supervisor: Jianhua Wang), Qinglin Han (Supervisor: Bin Sun)

Awards obtained from CAS
Prof. Ke Lan
CAS Zhu-Li Yuehua Award for excellent Supervisor
Deguang Liang (Ph.D student, Supervisor: Ke Lan )
CAS Zhu-Li Yuehua Award for excellent Ph.D student
Rui Li (Ph.D student, Supervisor: Jin Zhong )
CAS Di-Ao Fellowship Award (2nd grade)
Lihong Liu (Ph.D student, Supervisor: Paul Zhou)
SIBS Pfizer Fellowship Award (Special Award)
Xiaofan Li (Ph.D student, Supervisor: Ke Lan )
SIBS Pfizer Fellowship Award (1st grade)
Kai Wang (Ph.D student, Supervisor: Bin Sun)
SIBS Pfizer Fellowship Award (2nd grade)

Students participation in international conferences and collaborations
On 2011, IPS-CAS encouraged and supported 15 students to participate international courses,
conferences and collaborations in Hong Kong, Japan, USA, Finland, etc.
From Feb. 28 to Mar. 28, Mr. Weiming Wang of Antiviral Immunity and Gene Therapy Unit
went to Washington National Primate Research Center, Seattle, USA for collaborative research.
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From 28th March to 1st April 2011, Ms. Zuojia Chen of the Unit of Molecular Immunology
participated in the first ‘‘SPI (The Portuguese Society of Immunology) International School of
Immunology” in Tavira, Portugal. She gave an oral presentation and poster presentation titled
as ‘‘STUB1 negatively regulates Treg cells by promoting FOXP3 ubiqtuination degradation”
during the course.
From April 9th to 23rd, 2 students participated in the 3rd HKU-PASTEUR CELL BIOLOGY
COURSE.
From July 15th to 21st, 2011, Mr. Fuchun Yang and Ms. Ke Lu of Structural Virology Unit participated in the 30th Annual Meeting of the American Society for Virology at the University of
Minnesota, Minneapolis, USA. They gave oral presentations respectively.
From Aug.12 to 15 2011, Mr. Yunhua Liu, Mr.Zhiheng He and Mr.Deguang Liang of Tumor
Virology Unit participated in the 14th Symposium on Kaposi virus and related diseases in Helsinki, Finland. They gave an oral presentation and poster presentation respectively.
From Sept.11 to Sept. 16, Mr. Lifei Yang of Antiviral Immunity and Genetic Therapy Unit
participated in the AIDS Vaccine 2011annual meeting in Bangkok, Thailand. He gave an oral
presentation, titled “Development and characterization of HIV-1 virus like particles produced
by stably transfected Drosophila S2 cells”, at Oral Abstract Session 03: Novel Immunogens and
Inserts.
From Oct.11 to Oct.14, Mr. Qiang Ding from Viral Hepatitis Unit participated in the 7th International Students Forum in Tokyo, Japan. He gave an oral presentation at this meeting.
From 13 to 25 Nov., 2011, 4 students participated in the 4th HKU-Pasteur Immunology Course,
held by the HKU-Pasteur Research Centre.

Graduated students in 2011
Zhenguo Wen,Graduated with Ph.D academic degree in Jan, 2011, Supervisor: Paul Zhou
Qiyuan Zhu, Graduated with Ph.D academic degree in Jan, 2011, Supervisor: Baoxue Ge, Ke
Lan
Leiyun Weng, Graduated with Ph.D academic degree in Jan, 2011, Supervisor: Tetsuya Toyoda
Heng Ding, Graduated with Ph.D academic degree in July, 2011, Supervisor: Paul Zhou
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Zhiheng He, Graduated with Ph.D academic degree in July, 2011, Supervisor: Ke Lan
Hongbin Jiang, Graduated with Ph.D academic degree in July, 2011, Supervisor: Tetsuya
Toyoda
Deguang Liang, Graduated with Ph.D academic degree in July, 2011, Supervisor: Ke Lan
Yunhua Liu, Graduated with Ph.D academic degree in July, 2011, Supervisor: Ke Lan
Kai Wang, Graduated with Ph.D academic degree in July, 2011, Supervisor: Vincent Deubel

Collaboration on graduate student education with universities
IPS-CAS and Shanghai Normal University signed an agreement on education collaboration, to
set up a M.S program student under co-supervision system. On Sept.1, the first student from
Shanghai Normal University arrived IPS-CAS.
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5th Pasteur-AREVA Course, organized by IPS
The 5th Pasteur-AREVA Course was organized during May 27-29, 2011. The topics of the
course focused on Inflammation and Vaccine. 25 renowned speakers around the world gave
cutting-edge lectures to over 200 participants from China and other countries.
(For detailed information from: http://www.shanghaipasteur.ac.cn/course5/index.asp)

Lecturers in 5th Pasteur-AREVA Course
Lecturer
Affiliation
Michael J. Bevan
University of Washington, USA
J-M Cavaillon
Paris Institut Pasteur, France
		
Damien Chaussable Baylor Institute for Immunology
Research, USA
You-Hai Chen
UPENN School of Medicine, USA
		
Gen-Hong Cheng
University of California, USA
		
Chen Dong
The University of Texas MD
Anderson Cancer Center, USA
Hildegund C.J. Ertl The Wistar Institute, USA
		
Yang-Xin Fu
The University of Chicago, USA
Carsten Kirschning Universitätsklinikum Essen,
Germany
Xin Lin
The University of Texas MD
Anderson Cancer Center, USA
Chang-Gong Liu
The University of Texas-MD
Anderson Cancer Center, USA
Yang Liu
University of Michigan Medical
School, USA
Yong-Jun Liu
The University of Texas MD
Anderson Cancer Center, USA
Tak Wah Mak
University of Toronto, Canada
Guangxun Meng
Institut Pasteur of Shanghai,
CAS, China
M-L Michel
Paris Institut Pasteur, France
		
A.Karolina Palucka Baylor Institute for Immunology
Research, USA
Virginia Pascual
Baylor Institute for Immunology
Research, USA
Paul Bates
UPENN School of Medicine, USA
		

Title of lecture
Antigen presentation to CD8 T cells
Pro- versus anti-inflammatory cytokines:
myth or reality?
Application of genomics for the assessment
of immune function
NF-kB in immunity and inflammation:
the treg and Th17 connection
DNA versus RNA mediated type I
interferon induction pathways
Th17 cells and cytokines in infection,
inflammatory diseases and cancer
E1-deleted adenoviral vectors as vaccine
carriers to HIV-1
Bacterial infection and innate lymphoid cells
Triggering versus inhibition of immune
responses via TLRs
C-type lectin receptors as pattern recognition
receptors for anti-fungal innate immune response
Genome-wide profiling of non-coding RNA
in Cancer
Discriminating danger-associated from
pathogen- associated molecular Patterns
Dendritic cell and epithelial cell interaction
in the initiation of inflammatory Th2 responses
Immune Homeostasis: To kill Or Be Killed
The NLRP3 inflammasome in inflammation
and infection
Immune-based therapies for chronic hepatitis
B virus infection
Dendritic cells and tumor immunity
A genomic approach to understand human
autoimmune diseases
“Modulation of MHC and the Intrinsic Immune
Factor Tetherin by the Ebola Virus Glycoproteins”
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Li-Shan Su

Lineberger Comprehensive Cancer
Center, USA
Shao-Cong Sun
The University of Texas-MD
Anderson Cancer Center, USA
Zhi-Gang Tian
University of Science and
Technology of China, China
Rong-Fu Wang
Baylor College of Medicine, USA
		
Paul Zhou
Institut Pasteur of Shanghai, CAS,
China
Gerard Zurawski
Baylor Institute for Immunology
Research, USA
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Inflammation and immune responses to
persistent virus infection
TLR signaling in innate immunity and
inflammation
Liver immune tolerance and HBV vaccination
Negative regulators of innate immune signaling
and inflammation
Heterologous prime-boost strategies against
influenza viruses
Development of vaccines based on targeting
antigens directly to dendritic cells

Guest seminars and lectures at IPS-CAS in 2011
Date

Lecturer

January 12

Shuwen Liu

February 22

May 9

May 17

May 26

June 2
June 15
June 23
June 23

June 24

July 6

Affiliation
Southern Medical
University

Topic
HIV Entry and Inhibiton

The hitchhiker's guide to the CNS:
Cytokines control leukocytes
Harvard Medical
migration across the astroglia
Chuan Wu
School
border by regulating MMPs
and chemokines activities
Regulating the regulator: S1P1
receptor overrides regulatory
T cell mediated immune
Guangwei Liu Institute of Zoology
suppression through
AKT-mTOR
Reversible control of gene
transcription, cell proliferation, and tumorigenesis by
Yale University
Alan Garen
PSF protein and PSF-binding
endogenous and Hepatitis D
Virus RNAs
Hypercytokinemia and
inflammation following
Melbourne
Simon
H5N1 influenza infection
University
Burggraaf
in chickens and ducks
A rational approach to vaccine
Tel Aviv
Jonathan
design: backtracking from
University
M. Gershoni
antibodies to epitopes
Washington University Discover and characterization
David Wang
of novel viruses
in St. Louis
Human Adenovirus Infections:
College of Public
Gregory C.
New Understanding, New
Health and Health
Gray
Vaccines and New Threats
Professions
Antigenic profiling of
Mississippi
Henry Wan
Influenza A virus
State University
University of
DDX41 senses intracellular
Texas MD
DNA mediated by STING in
Zhiqiang Zhang
Anderson Cancer
Dendritic Cells
Center
Clinical Research ManageInstitut Pasteur
Cecile Delval
ment at Insitut Pasteur

Host
Hui Xiao &
Zhong Huang

Bin Li

Bin Li

Jin Zhong

Bin Li

Paul Zhou
Ke Lan
Henry Wan
Ke Lan

Jin Zhong

Jin Zhong
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July 14

July 18

July 19

July 26
July 26
August 4
August 5
September 13
September 13

September 14
September 15

September 22

September 28

October 10
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“RSK” management by
Kaposi's sarcoma-associated
herpesvirus
Mechanism of Helicobacter
University of Illinois
Linfeng Chen
pylori-induced gastric cancer:
at Urbana-Champaign
Role of virulence factor CagA
UNC Lineberger
Regulatory T cell and TGFComprehensive
Yisong WAN
beta signaling in immune
Cancer Center
regulation
Development of multimodal
University of
Cyril Petibois
imaging for disease pattern
Bordeaux
recognition
Case Western
Signal transduction in innate
Xiaoxia Li
Reserve University
and adaptive immunity
University of Texas
Cancer Vaccine Development
M. D. Anderson
Yong-Jun Liu
by targeting pDC and OX40
Cancer Center
University of
cryoEM studies of alphavirus
Jinghua Tang
California-San Diego and bacteriophage
Jenny Pan-Yun University of North
NLRs, infection and immunity
Carolina at Chapel Hill
Ting
Regulation of CD4 T cell
National Institutes
Jinfang Zhu
differentiation by master transof Health
cription factors and beyond
Understanding the mechanisms
The Ohio State
Li Wu
of intrinsic HIV restriction in
University
myeloid cells
The long road to therapeutic
Claude Leclerc Institut Pasteur
cancer vaccines
Drawing the Roadmap to an
Effective HIV-1 Vaccine by
National Institutes
Tongqing Zhou
Crystal Structures and 454
of Health
Sequencing of Broadly
Neutralizing HIV-1 Antibodies
A Genome-wide multidimenthe Netherlands
sional RNAi screen reveals
Jacques Neefjes
Cancer Institute
pathways controlling MHC
class II antigen presentation
The inflammasome receptors
National Institute of
for bacterial flagellin and type
Feng Shao
Biological Sciences
III secretion apparatus in
innate immunity
Fanxiu Zhu

Florida State
University
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Ke Lan
Bing Sun
& Bin Li
Bin Li

Rong Chen
Hui Xiao
Jin Zhong
Rong Chen
Guangxun
Meng
Bing Sun
& Bin Li
Jianhua
Wang
Bin Li

Paul Zhou

Bin Li

Guangxun
Meng

National Institutes
of Health

October 17

Lubin Jiang

November 7

Zheng W. Chen University of Illinois

November 8

Meigang Gu

Rockefeller University

November 9

Lianqing Liu

Shenyang Institute of
Automation

November 10

ALEXANDER
La Trobe University
G. MAIER

November 21 Fan PAN

Johns Hopkins
University

November 23 Huanbin Xu

Tulane National Primate
Research Center

November 24

Edmond Shie
Liang Hsieh

Yang Ming University

November 24

Serge
BENICHOU

Cochin Institute

November 25 Nadia Roan

Gladstone Institute for Virology and Immunology

December 5

Bin Wang

Fudan University

December 8

Carol Bacchus

Wiley Publishing

December 21 Bo Wei

CNVSI

Time to eradicate malaria
parasites: investigating the
epigenetic regulation in
Plasmodium falciparum
transcription and the
molecular basis of
erythrocyte invasion
Immunology and functions
of Ag-specific γδ T cells,
CD8+ CTL and Th22 cells
in TB and HIV-related TB
Insights into the translocase
activity of heptatitis C virus
Nano robot and its application
in biomedicine
Molecular Mechanisms of
Malaria Pathogenesis
Molecular Mechanisms of
Regulatory T Cell Differentiation and Function
The early antiviral events of
host innate immunity during
SIV infection of rhesus macaque
CLEC5A is Critical for Dengue
Virus-Induced Inflammasome
Activation in Human Macrophages
The HIV-1 Nef protein: An
“essential auxiliary” virulence
factor of HIV-1
Identification and Characterization of Amyloid Fibrils in
Human Semen that Enhance
HIV Infection
Journal Metrics: The Impact
Factor and Everything Else
Journal Metrics: The Impact
Factor and Everything Else
Mucosal Immunology and
Vaccine Research and
Development

Bin Li

Bing Sun

Jin Zhong
Ke Lan
Bing Sun
& Bin Li
Bin Li

Jianhua Wang

Jin Zhong

Bin Li
Bin Li
Guangxun
Meng
Ralf
Altmeyer

Bing Sun
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Hand Food and Mouth Disease (HEV71) clinical research multi-center partnership
Hand Foot and Mouth Disease (HFMD) is becoming a serious contagious viral disease that
affects infants and children worldwide. During 2010-2011, IPS-CAS has set up a HEV71
clinical research multicenter partnership with
Children’s Hospital of Fudan University, Children’s Hospital of Chongqing Medical University, Guangzhou Women and Children’s Medical Center and Shantou University Medical
College. The research collaboration among the
parties include: the identification to the moMar.4, Guangzhou lecular level of viral and host factors involved
in progression to and protection against severe
HEV71. We conduct a multi-center clinical research study in order to generate data that will enable
diagnostic, vaccine and therapeutic research and development against HEV71. By the end of 2011,
we finished all case recruit and sample collection. One article was accepted by “Journal Clinical
Virology”.
On Aug. 22, 2011 annual academic meeting of the joint laboratory of infection and immunity
estalished by IPS-CAS and Xinjiang Medical University held in Xinjiang. First patch of projects
supported by seed fund was initiated.

Aug.22, Xinjiang
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In 2011, IPS-CAS initiated the following projects under the partnerships with industries:
•
Two projects in collaboration with Hualan Biological Engineering, INC were initiated:
“Genetic Engineering Bivalent vaccine against HEV71” and “Pre-clinical research and development on human monoclone antibody 65C6”
•
Two on-going projects under Service Agreement with l’ Oreal: “Immune regulation of
the skin” as well as “Skin microbiology”.
•
Chongqing Kailian Investment Company and IPS through its Pathogen Diagnostic Center & Tumor Virology Research Unit set up a Joint Laboratory working on the development of a
multi-biomarker protein chip for detection of tumor biomarkers and the development of a multiplex PCR method for detection of antibiotic resistant genes of bacteria.
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