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Production platforms for 
recombinant VLP based vaccine

Cho, H. J., Y. K. Oh, et al. (2011). “Advances in human papilloma virus vaccines: a 
patent review.” Expert Opin Ther Pat.



Pipeline of VLP based vaccines
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Wu, et al. Human Vaccine, 2012



Geographic distribution of Hepatitis E Geographic distribution of Hepatitis E 

http://www.humenhealth.com/hepatitis



Global disease burden of Hepatitis E

WHO, 2011
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Much preferred immuno-reactivity of 
patient sera to E2 (over monomeric form) 

• pORF2 forms dimer, or higher order 

assemblies upon over expression

• Sucessful expression of HEV pORF2 

fragment, E2, in E. colifragment, E2, in E. coli

• Lost immuno-reactivity of E2 dimer 

upon denaturation into monomer

Western Blot

Zhang et al. J Med Virol 2001.
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Dimer

Preferred reactivity of patient sera 
to dimeric form ( E2) of pORF2

Monomer

Acute phase sera Convalescence sera N

• No reactivity to monomer antigen in convalescence sera

• Immunodominant epitopes of HEV pORF2 residing on 

dimeric form



Protection of rhesus monkeys from infection

(immunization with E2)

Zhang et al. J Med Virol 2001.



Identification of two major neutralizing 
epitopes of HEV pORF2

Zhang, et al. Vaccine, 2005



Dimerization of  HEV pORF2
(E2s domain-149aa)

AUC

Li, et al. PLoS Pathogen, 2009.
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Structure of Structure of HEV pORF2HEV pORF2
(E2s domain(E2s domain--149aa)149aa)

of E2s(I) (ORF2 455-602)

Li et al. PLoS Pathogens. 2009

� Typical capsid protein folding: 

β-barrel

� Dimerization: strong 

hydrophobic interactions

� Groove region: flexible loops
dimerization interface



Mapping of Mapping of key residues on key residues on E2sE2s

� Dimer interface �Immune-predominant 

neutralizing sites

Li, et al. PLoS Pathogen, 2009.

V598 A599

L601 A602

Y557,T564

E479 Y485

I529 K534

D496



Structure of E2s:8C11 mAb complexStructure of E2s:8C11 mAb complex

Resolution 1.9 Å

8C11

Total buried area 1763 Å2

Tang et al., PNAS. 2011. 

Antigen surface Vs. antibody aa

8C11 epitope on E2s: Asp496-Thr499, Val510-Leu514 and Asn573-Arg578



Enhancing immunogenicity by making 
multimeric VLP antigen

239 227
217

E2
p239

227
217

E2

Electron microscope
Gel filtration by HPLC

(GSW3000xl column)
SDS-PAGE and WB

of p239 vs. E2

• Successive N terminal extension of E2 generated particulate HEV 239,

retaining dimerization capability and major neutralization epitopes.

Li et al. JBC, Vaccine. 2005



Enhanced Immunogenicity of 239

Li et al. Vaccine 2005.



HEV 239 vaccine efficacy in rhesus monkeys

Li et al. Vaccine 2005.



Process flowchart of HEV 239 vaccine
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QC of p239  vaccine
Product : HEV vaccine Mfg. Date:   Apr 2003

Batch No:  20030401 Pack size: 0.5 ML

S.No Tests Specifications Result

1 Fill volume 0.5 – 0.6 ml Passes

2 Appearance White turbid liquid Whitish turbid  liquid 

3 Identity–ELISA Should identify Identifies

4 Al++++++++++++ content Al(OH)3 1.4~1.8 mg / ml 0.56 mg / ml

5 Thiomersal 
content

39.0 – 67.0 µg / ml 50 µg / ml

6 pH 6.1-7.4 6.65

7 Sterility Shall comply Passes

8 Abnormal toxicity Shall comply Passes

9 Bacterial 
endotoxins

Less than 10 EU / 
0.5ml 

Passes

10 Relative potency
(ED50)

Less than 1.5 µg 0.113



Characterization of p239 particles
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Clinical trials of HEV vaccine

Guangxi, China

Jiangsu, China



Clinical trials of HEV vaccine

Wu, et al. Human Vaccine. 2012



Phase III Clinical trials of HEV vaccine

15 hepatitis E cases 

ALL in placebo group

i.e.

Zhu, et al. Lancet. 2010

Flowchart of surveillance and certification of acute hepaitis E in phase III

100% efficacy against 

hepatitis E 



Publications

1. Wu, et al. Hepatology 2011(in press)

2. Tang, et al. PNAS 2011, 108(25):10266-10271

3. Zhu F, et al. Lancet 2010, 376(9744):895-902.

4. Huang SJ, et al. PLoS One. 2010, 5: e13560

5. Yu H, et al. J Mol Model 2010; DOI 10.1007/s00894-010-0794-5

6. Guo Q, et al. J Clin Microbiol 2010,48:317-318

7. Zheng Z, et al. J Gen Virol 2010,91:1728-1736

8. Li S, et al. Plos pathogens 2009, 5:e1000537

9. Zhang J, et al. Vaccine 2009,27:1869-1874.

10. Wu T, et al. Intervirology 2008, 51:322-317.

11. He SZ, et al. J Gen Virol 2008, 89:245-249.

12. Chen YW, et al. Biomed Environ Sci 2007, 20:488-494.

14. Luo WX, et al. FEMS. Immunol Med Microbiol 2007, 51:18–25.

15. Wu T, et al. Mol Immunol 2007, 44:3161-3266..

16. Zheng YJ, et al. J Infect Dis 2006, 193:1643-1649.

17. Li RC, et al. Emerg Infect Dis 2006, 12:1682-1688.. 

18. Li SW, et al. J Biol Chem 2005, 280:3400-3406. 

19. Zhang J, et al. Vaccine 2005, 23: 2881-2892. 

20. Li SW, et al. Vaccine 2005, 23: 2893-2901. 

21. Xia NS, et al. Vox Sang 2004, 86:45-47. 

22. Zhang J, et al. J Med Virol 2003, 71:518-526.

23. Wang YC, et al. J Med Virol 2003, 67:516-521.

24. Zhang JZ, et al. J Med Virol 2002, 66:40-48.

25. Im S, et al. Vaccine 2001, 19:3726-3732.

26. Zhang JZ, et al. J Med Virol 2001, 64:125-132. 

13. Ge SX, et al. Biomed Environ Sci 2007, 20:521-515.



Other VLP based vaccines under development

• HPV16/18 bivalent vaccine

• HPV6/11 bivalent vaccine

• HPV16/18/52/58/31/33/45/35/59 9-valent vaccine• HPV16/18/52/58/31/33/45/35/59 9-valent vaccine

• RV quadrivalent vaccine



HPV16/18 bivalent vaccine

� E. coli expression system

� HPV L1 virus-like particles

HPV16/18 bivalent vaccine

T=7 HPV16 VLP

T=7 HPV18 VLP



Immunogenicity of HPV16/18 bivalent vaccine 
in rehsus monkeys
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� Comparable neutralizing antibody levels
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HPV6/11 bivalent vaccine

� E. coli expression system

� HPV L1 virus-like particles

HPV6/11 bivalent vaccine

T=7 HPV6 VLP

T=7 HPV11 VLP



Ongoing efforts on VLP based vaccine

• High-risk type: HPV16/18/52/58/33/31/45/35/59 VLP

• corresponding pseudovirion-based neutralization assay



Ongoing efforts on VLP based 
nano-scale bioparticles

� Rotavirus VLP for 

vaccine

� HBcAg for epitope 
VP6 VLP VP2/6 DLPVP2 CLP

� HBcAg for epitope 

presentation

� HBcAg used in HB 

diagnostics

VP6 VLP VP2/6 DLPVP2 CLP

HBcAg particle
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Thank you!
Welcome to Xiamen and Xiamen University!



Thank you! Welcome to Xiamen !



Welcome to Xiamen University!









Immunogenicity of HPV6/11 bivalent 
vaccine in rehsus monkeys
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