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Introduction
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    George F. Gao, Ph.D, guest professor
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    Changmei Liu, Ph.D, assistant professor

    Rong Wang, B.S.

Part II.
Background and Significance


HBV infection is a serious medical problem worldwide (over 350 million persons) and especially in China (over 120 million). Immune response failure is the major reason for persistent HBV infection, which in turn, causes chronic hepatitis, cirrhosis and hepatocellular carcinoma (HCC) in some patients. Stimulate and restore the cytotoxic T lymphocytes reaction (CTL) of chronic HBV infected patients plays vital roles in immunotherapy towards HBV related diseases, while dendritic cells (DC cells) are one of the main regulating factors in the process. My lab is focusing on the study of new therapeutic vaccines. Meanwhile, some tentative efforts of HBV entry to primary human liver cells are also now in process.
Enveloped viruses cause important human pandemic diseases such as human immunodeficiency virus type 1 (HIV-1), SARS-coronavirus (SARS-CoV) and human respiratory syncytial virus (hRSV). The fusion proteins of enveloped viruses promote viral infection by mediating the fusion of viral membrane with target cell membrane. Two heptad-repeat (HR1 and HR2) regions of class I fusion proteins play a very important role in this process and most of the peptides derived from HR1 and HR2 exhibit inhibitory activity for membrane fusion and can potently inhibit viral infection. However, synthesis of these peptides is at high cost and these HR1 and HR2 peptides are unstable. We have used a number of strategies to develop recombinant protein inhibitors for membrane fusion.

Part III.
Major Achievements


 In our previous work, we isolated an HLA-A11 restricted 7 mer peptide of HBV core Ag associated with heat shock protein (HSP) gp96 in liver tissues of patient with HBV-induced hepatocellular carcinoma (HCC). Both gp96 and its N terminal fragments augment peptide specific CTL expansion and HBV antigen specific antibody production in BALB/c mice. In vitro experiments also indicated that gp96 and both of its N and C terminal fragments can stimulate HCC patient’s derived DC maturation and HBV eptitope CTL expansion in HLA-A2 transgenic mice. Those results clarified a future of utilizing gp96 in HBV diseases immunotherapy.

Our previous studies showed that the two HR peptides of hRSV had membrane fusion inhibitory activity and the HR2 peptide of SARS-CoV also had such activity. On the other hand, crystallization and preliminary crystallographic analysis of the trimer core from the fusion proteins of Mumps, New Castle, SARS-CoV, Measle and Menangle viruses showed they all exhibited a six-helix bundle structure. In addition, we designed several multi-HR proteins three helix (HR121 and HR212) and five helixes (HR12121) for HIV-1, hRSV and SARS-CoV, respectively. All these proteins could be abundantly expressed as soluble proteins and could be easily purified at low cost of production. Moreover, all these proteins inhibited their corresponding viral entry.
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Part IV.
Future Research Plan

1． HBV

Protein based, DNA based, and cellular based vaccine studies are now under extensive studies in my lab. In detail, DNA vaccine and virus based vaccine by using the adjuvant functions of gp96 and its functional fragments are now under intensive study in our laboratory. New approaches of using dendritic cells, antisense RNA techniques and HBV transgenic mice are also now under exploration for the clarification of HBV infection and HBV tolerance.
From our observation, we noticed the high dose antigen specific suppression functions of gp96. While this suppression function was not noticed in its N terminal domain. This intriguing aspect of gp96 may rely in its stimulating differences of its functional domains in cell signaling pathways, of which ERK pathway is our special interest. Further efforts are going to be put on the segmental analysis of the adjuvant functions of gp96 and its stimulation abilities to the related cell signaling pathways.        

Viral life cycle study is essential for effective therapeutic designs in virus research. However, little is known of HBV infection. This is very much due to the lack of animal model and the limitation of virus host. My lab is now trying to study the virus entry by utilizing pseudovirus system mediated infection combined with primary liver cell cDNA library screening techniques. Understanding the process of virus entry and exploring more effective therapeutic vaccines are the long goals of my lab.
    2． The pre-clinical research on the entry inhibition of HIV-1 by the multi-helix proteins.

    3．Misfolding of prion protein and its association with prion diseases

Our research will focus on two following aspects using mouse PrP (mPrP). (1) The role of associated mutation and unfolded N-terminal of mPrP in its misfolding in neuroblastoma cell. (2) The ability of in vitro self-propagation of PrPSC-like conformation generated in yeast cytosolic environment and its infection in vivo. We have generated Flp-in system in N2a cell, detected the expression of different PrP mutants in N2a-Flp-in cell, and have expressed mPrP in yeast cytosol, in which PrP was aggregated, resistant to proteinase K, and this cytosolic PrP aggregate can convert its conformation to normal cellular PrPC.

