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• Low immunogenicity of Env antigens
Difficulty in generating high level and long lasting immune responses

Solution:  DNA prime + protein boost

• High mutation rate of HIV-1 Env antigens
Challenging to cover the worldwide variants

Solution: Polyvalent Env antigens from diverse subtypes

Focusing on Two Key Technical Challenges
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Our unique design:  
 Matched antigens delivered sequentially by different vaccine modalities
• Benefits:

• Prime: DNA
• Focusing on chosen vaccine antigens
• Optimal antigen conformation due to in vivo expression
• Stimulating antigen specific B cell development (germinal center)
• Providing T cell help for B cell development (endogenous antigen 

presentation)
• Boost: protein

• To maximize expansion of antigen specific memory B cell population
• To lead high level and long lasting peripheral antibody productions

DNA Prime – Protein Boost 
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DNA + protein vaccine is more effective than DNA or protein 
alone in eliciting antigen specific B cell responses

Li et al., Emerging Microbes & Infections, 2021, 10:834



High level and long lasting of gp120-specific memory B cell 
responses in PDPHV human volunteers

Wang et al. NPj Vaccine, 2022, 7:18



• Polyvalent (with DNA priming)
• Beyond simply mixing different serotypes antigens
• New understanding: establish more B cell lineages
• B cell development and antibody affinity maturation – further diversity
• May minimize antigenic sin when receiving boost

• Monovalent or “limited” valent
• No breadth from the beginning
• May generate antigenic sin to limit the power of boost
• Examples: flu vaccines, SARS-CoV 2 vaccines
• Multiple clade C Env antigens may also lead to narrower responses to 

the same clade

Polyvalent vs. Monovalent



Screening of Env based on NAb breadth
(3+13 pseudotyped viruses)

Subtype Envelope
Tissue of 

Isolation
Origin

No. of PV 

neutralized

% of PV 

neutralized

B WITO4561 Brain USA 1 6%

B 515.01 PBMC Trinidad 2 13%

B P6B-42 
Lymph 

Node
UK 2

13%

B PVO-04 Plasma USA 2 13%

B REJ4541 Plasma USA 2 13%

B THRO4156 Plasma USA 2 13%

B TRJO4551 PBMC Italy 2 13%

B TRO.11 Plasma USA 2 13%

B 692.42 PBMC Trinidad 3 19%

B 1168.01 PBMC US 3 19%

B ADA (AD8) Brain USA 3 19%

B Bal (Bal.opt) Plasma USA 3 19%

B H78639 (H4) Brain USA 3 19%

B P5B-12 (Brain)
Lymph 

node
UK 3

19%

B P6B33 Brain UK 3 19%

B P6LN-85 PBMC Italy 3 19%

B Yu-2 Brain USA 3 19%

B AC10.0.29 PBMC US 4 25%

B ADA (AD8) PBMC USA 4 25%

B 89.6 PBMC USA 5 31%

B CAAN5352 PBMC USA 5 31%

B RHPA4259 Plasma Trinidad 5 31%

B SC422661.8 PBMC USA 5 31%

B SF162 Plasma USA 5 31%

B 1196.01 PBMC US 6 38%

B 5768.04 PBMC US 6 38%

B P6LN40
Lymph 

node
UK 6

38%

B 92US715.6 PBMC USA 8 50%

B AC10.44 PBMC UK 9 56%

B P5LN-27 Brain UK 9 56%

B 6535 PBMC USA 10 63%

B 93-20#59 Brain UK 11 69%

B 6101LN PBMC USA 12 75%

B 93-176#93 Brain UK 13 81%

B 92-353#27 Brain UK 14 88%

B JR-FL Brain UK 14 88%

Subtype Envelope
Tissue of 

Isolation
Origin

No. of PV 

neutralized

% of PV 

neutralized

A 92RW020.5 PBMC Rwanda 1 6%

A CA1 PBMC Cameroon 2 13%

A 92UG037.1 PBMC Uganda 7 44%

C 92BR025.9 PBMC Brazil 2 13%

C 96ZM951.2 PBMC Zambia 2 13%

C Du123-06 PBMC S. Africa 2 13%

C zm153 PBMC Zambia 2 13%

C zm233 PBMC Zambia 2 13%

C zm53 PBMC Zambia 2 13%

C 96BW01B22 PBMC Botswana 3 19%

C 96BW15C02 PBMC Botswana 3 19%

C Cap210 Plasma S. Africa 3 19%

C Du156-12 PBMC S. Africa 3 19%

C DU422 PBMC S. Africa 3 19%

C ZM109 PBMC Zambia 3 19%

C zm197 PBMC Zambia 3 19%

C ZM214 Plasma Zambia 3 19%

C zm249 Plasma Zambia 3 19%

C CAP45 Plasma S. Africa 4 25%

C DU172 PBMC S. Africa 4 25%

C 93MW965.26 PBMC Malawi 15 94%

D 92UG021.16 PBMC Uganda 14 88%

E/A 93TH976.1 PBMC Thailand 2 13%

F1 93BR020.17 PBMC Brazil 7 44%

G 92UG975.10 PBMC Uganda 3 19%

10 Env (16%): >50%

11 Env (18%): 26-49%

41 Env (66%): 6-25%



Bioinformatics 
analysis on the 
coverage of 16 HIV-1 
subtypes by the 
valency of gp120 
antigens included in 
the vaccine 
formulation
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2nd Generation PDPHV
Wang et al. 

Human Vaccine & Immunotherapeutics, 

2017, 13:2996
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Serum Env specific IgG responses

• High response rate

• High titers

• Broadly reactive

多 功 能 抗 体 :  结 合 抗 体 + A D C C 抗 体 + 中 和 抗 体  

ADCC responses
• Against different HIV

subtypes
• Against IMC infected cells

Heterologous IgG ADCC against IMC 

infected target cells
Nab against Tier 1B viruses

Neutralizing Ab
• Multiple Tier 1B viruses
• Or by Monogram assay system

PDPHV induced polyfunctional antibody responses



IgG
against gp70-V1V2

IgG3 
against gp70-V1V2



Env Specific CD4+ T cell Responses





Neutralizing Activities of HmAb64 
(against VRC 208 viruses panel)



EM of HmAb64 binding to CNE40 SOSIP 



HmAb78 binding to diverse gp120

HmAb 78: An mAb Isolated from a PDPHV Vaccinee

Potent ADCC as A32



HmAb78 shares the same germline with A32

HmAb78 competes with A32
Ig gene sequence comparison



Crystal Structure Confirms the Identical 
Antigen Binding Site as A32

William D. Tolbert, Marzena Pazgier.  Uniformed Services University of the Health Sciences, Bethesda, MD





HVTN124 IgG3 binding antibody against V1V2 heterologous breadth 
score was better than other 25 HVTN trial arms



Human Env antibody responses were durable 
over 6-month or 12-month post last vaccination
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• PDPHV has a high safety profile based on HVTN124 and WHV138 studies
• Polyfunctional antibody activities

– High titer (>1:10,000) and broadly cross-reactive binding Ab
–  Anti-V1V2 antibodies: high titer, breadth, IgG3
– ADCC: against IMC target cells 
– Nab across Tier 1B or Monogram primary viral panels

• 100% CD4+ T cell response rate
• Long lasting human Env specific antibody and B cell responses
• Highest protection correlated breadth score among 13 HVTN trials

– IgG/IgG3 against V1V2
– CD4 T cells response rate

• Diverse mAbs isolated from PDPHV vaccinees
– Proven diverse protective antibodies including CD4bs Tier-2 Nab and A32-like mAb

Summary of PDPHV 



PDPHV
Next Step:  Phase 2a study in South Africa

S Africa & 
BWH, Harvard



• May need to induce diverse types of protective immune responses 
• Polyfunctional antibody activities
• Broadly cross reactive against diverse HIV-1 isolates
• Beyond certain “epitopes” but covering entire antigens
• Long lasting human Env specific antibody and B cell responses
• More human efficacy studies to prove the scientific hypothesis

Outlook for an effective HIV vaccine
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