
Adeno-Associated Virus  

    for immuno-gene therapy  

Paul L. Hermonat, PhD 

Professor of Internal Medicine 

Professor of OB/GYN 

VA Research Career Scientist 

Mehta-Stebbins Chair in Medicine 

Director, Gene Therapy Program 
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    Virus for gene therapy 
 Retroviruses  (Retrov) (8kb, RNA, enveloped) pathogenic 

       MMLV based- activates proto-oncogene by insertional mutagenesis, contaminating wild  type retroviruses, express 

fast- then decline 

          ADVERSE REACTIONS: causes cancer (lymphoma) humans and monkeys  

          transgene inactivation in vivo common 

          easily inactivated, must often incubate target cells with producer cells for high     transduction  

 NEW HOPE- Lentivirus vectors based on HIV, appear to have better expression 

capabilities, BUT are they safe? 

 

     

  Adenoviruses  (Ad) (35kb, DNA, non-enveloped) pathogenic 

         Episomal, transient, express fast, express stron, then decline 

         highly immunogenic causing inflammation and anaphylactic shock 

   ADVERSE REACTIONS: has caused the death of a patient in Philadelphia 

  anaphylactic shock  

 

 

 Adeno-Associated Virus (AAV) (5kb, DNA, non-enveloped)  non-pathogenic, 

         chromosomal integration, not strongly immunogenic, no disease 

         long term expression in vivo, 3.7 years is record thus far 

         tough, stores well 

  NO ADVERSE REACTIONS: one death of a patient in Targeted Genetics trial, due to  systemic 

 histoplasmosis-bad patient management, appears not due to AAV itself, one  report of  tumors in rodents. 
  

    



Immuno-gene therapy  

                   against cancer. 

Our research has covered: 

 

1) Cervical Cancer: HPV E6 and E7 

2) Prostate Cancer: PSA and PSMA 

3) Breast Cancer: BA46 

4) Multiple Myeloma: HM1.24 

5) HCV: multiple antigens 

6) HBV:  multiple antigens 



TREATMENT OF CANCER 

What new treatments can be 

developed? 

• STANDARD 
TREATMENT 

 

Surgery 

 

Radiotherapy 

 

Chemotherapy 

 

50% still die 

 
 

 
  

•EXPERIMENTAL TREATMENT 

 

Immunotherapy 

 

Gene therapy 

 



 

• Specific 

• Less Toxic 

• No dose 
limitation 

• Very limited 
side effects 

• Effective on a 
long- term 
basis 

  First surgery, then 

Chemotherapy   Immunotherapy 

Radiotherapy 

•  Often effective but 

 Toxic 

•  Dose-limitation  

•  Non–specific: kills non-         

     cancer cells also 

•  Active killing only   

    during treatment  

 



Myths about AAV as an  

Immuno-therapeutic vector 

1) Myth AAV does not transduce immune cells, eg. 

  macrophages, dendritic cells, T cells, etc. 

2) Myth AAV-DC delivery cannot stimulate imm response,  

3) Myth is that Ad is 

4) Myth AAV does not chromosomally integrate into 

 primary human immune cells  

 



or AAV/cytokine 



Myths 
 

 

AAV2 transduces ~90% 

of dendritic cells 

 

 

 

 

 

 

 

 

 

 

AAV2 transduces ~80% 

of T cells 

 



Myths about AAV as an  

Immuno-therapeutic vector 

1) Myth AAV does not transduce immune cells, eg. 

  macrophages, dendritic cells, T cells, etc. 

2) Myth AAV-DC delivery cannot stimulate imm response,  

3) Myth is that Ad is better than AAV at generating CTL 

4) Myth AAV does not chromosomally integrate into 

 primary human immune cells  

 





Target antigen specificity 
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Myths about AAV as an  

Immuno-therapeutic vector 

1) Myth AAV does not transduce immune cells, eg. 

  macrophages, dendritic cells, T cells, etc. 

2) Myth AAV can not stimulate CTL response,  

3) Myth is that Ad is better at CTL stimulation than AAV 

4) Myth AAV does not chromosomally integrate into 

 primary human immune cells  

 



Generation of CTL by loading DC: A 

comparison of speed of various techniques 
2 weeks 

T cell stim 

1 week 

T cell stim 

1 week 

T cell stim 

1 week 

Delivery tech  efficiency 

AAV/Ag 

DC      T cell stim 

2 weeks 

retrovirus/Ag 

DC      T cell stim 

2 weeks 

T cell stim 

1 week 

T cell stim 

1 week 

T cell stim 

1 week 

Adenovirus/Ag 

DC      T cell stim 

2 weeks 

T cell stim 

1 week 

T cell stim 

1 week 

T cell stim 

1 week 

Ag protein 

lipofection 

DC      T cell stim CTL 

CTL 

CTL 

CTL 

Protein     ~25-30% 

Lipofect 

 

 

RETROVIRUS  3-5% 

 

 

 

 

ADENOVIRUS  3-5% 

 

 

 

AAV                   90% 

Ag-post cell 

stimulation 

Ag-post cell 

stimulation 

Ag-post cell 

stimulation 

Ag-post cell 

stimulation 

Ag-post cell 

stimulation 

Ag-post cell 

stimulation 

Ag-post cell 

stimulation 

Ag-post cell 

stimulation 

Ag-post cell 

stimulation 



Use of Adenovirus vector as vaccine 

acts as CTL “sink” and weakens CTL 

response against the delivered antigen 
Schirmbeck R, Reimann J, Kochanek S,  Kreppel F.  The Immunogenicity of Adenovirus Vectors Limits the 

Multispecificity of CD8 T-cell Responses to Vector-encoded Transgenic Antigens. Molec Ther 16: 1609-1616. 



Use of Adenovirus vector as vaccine 

acts as CTL “sink” and weakens CTL 

response against the delivered antigen 
Schirmbeck R, Reimann J, Kochanek S,  Kreppel F.  The Immunogenicity of Adenovirus Vectors Limits the 

Multispecificity of CD8 T-cell Responses to Vector-encoded Transgenic Antigens. Molec Ther 16: 1609-1616. 



Myths about AAV as an  

Immuno-therapeutic vector 

1) Myth AAV does not transduce immune cells, eg. 

  macrophages, dendritic cells, T cells, etc. 

2) Myth AAV can not stimulate CTL response,  

3) Myth is that Ad is better at CTL stimulation than AAV 

4) Myth AAV does not chromosomally integrate into 

 primary human immune cells  

 



Myths 
 

TR  p5     GM-CSF          SV40 epr     Neo              TR     adjacent 
                              genomic 
       DNA 

  PCR primers:     SV40                                           AluI 

   Neo Probe: 

Assay for identifying chromosomally 

Integrated AAV provirus 

 

 

 

 

 

Chromosomal integration into DC 

 

 

 

 

 

 

Chromosomal integration into T cells 



Killing by CD8+ CTL 

1) CD8+ CTL killing should be antigen-specific 

 

2) CD8+ CTL killing should be HLA Class I restricted 

 

3) CD8+ CTL killing should be loading-dose dependent 

 

4) CD8+ CTL killing should be CTL  

 number/dose dependent 
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: 

Synthetic target 

LCL plus PSA 

 

PSA+ LCL 



Killing by CD8+ CTL 

1) CD8+ CTL killing should be antigen-specific 

 

2) CD8+ CTL killing should be HLA Class I restricted 

 

3) CD8+ CTL killing should be loading-dose dependent 

 

4) CD8+ CTL killing should be CTL  

 number/dose dependent 
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 HLA/MHC Class I restricted 

  
  
  
m

o
c

k
 

     A
A

V
/P

S
A

 

  A
A

V
/ 
P

S
A

 +
 

a
n

ti
-C

la
s

s
 I
 

  A
A

V
/ 
P

S
A

 +
  

a
n

ti
-C

la
s

s
 I
I 

 

CTL generated 

    by Indicated  

  loading of DC 

%
 t

a
rg

e
t 

 k
il

li
n

g
 

: 

Target: 

LNcap-FGC 



Killing by CD8+ CTL 

1) CD8+ CTL killing should be antigen-specific 

 

2) CD8+ CTL killing should be HLA Class I restricted 

 

3) CD8+ CTL killing should be loading-dose dependent 

 

4) CD8+ CTL killing should be CTL  

 number/dose dependent 



The higher the amount of AAV/core antigen virus the   

dendritic cells are infected with the higher the  

stimulation of HCV core-specific CTL killers. 



Killing by CD8+ CTL 

1) CD8+ CTL killing should be antigen-specific 

 

2) CD8+ CTL killing should be HLA Class I restricted 

 

3) CD8+ CTL killing should be loading-dose dependent 

 

4) CD8+ CTL killing should be CTL  number-dose  

  dependent 



targets: 
 
PSA+LCL 
 
PSA+LCL + anti-Class I 
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CTL:Target ratio   40:1     20:1     10:1      5:1        1:1 
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Conclusions 
1) rAAV/Ag transduce DC at high frequency 

2) These DC are powerful, stimulate CTL in one week 

3) CD8+ CTL killing is antigen-specific 

4) CD8+ CTL killing is MHC Class I restricted 

5) CD8+ CTL killing is loading-dose dependent 

6) CD8+ CTL killing is CTL dose dependent 

7) AAV-loaded DC overexpress CD80 

8) CD8+/CD4+ ratio is high 

9) CD8+/CD56+ ratio is high 

10) T cell CD69+ levels are high 

11) CD25 levels are low 



Attempts to improve 

CD8+ CTL killing by 

cytokine gene delivery 
Th1 response/ CD8+ CTL enhancing cytokines: 

  

1) IL-7 

2) IFN-gamma 

3) IL-12 

4) IL-15 

5) IL-18 

6) IL-21 

7) Etc., etc., etc 



Improving CD8+ CTL 

killing by cytokine 

gene delivery 

1) What is the true action of cytokines?  

2) What are the immune cell types are affected? 

3) What is the optimal immune cell type for expressing  

 each Th1 response cytokine? 



Modes of actions of cytokines 

Intracrine 

Paracrine 

Autocrine 

DC 
T cell 



Studies of three chemokines 

on identifying the optimal mode  

of action. 

Intracrine 

Autocrine 

DC 
T cell 

Paracrine 
IL-12 

IL-7, IFNgamma 

IL-12 ? 





IL-12 gene delivery into T cells or DC.  Which is 

best? 

51-Chromium 

release assay

day          0  1  2   3  4   5    6   7  8   9  10  11  12

adherent Mo 

isolated 

day 0

Exogen GM-CSF

Exogen IL-4

Exogen TNF 

Exogen IL-2

AAV/CEA

Infection of Mo 

AAV/IL-12

infection of 

Mo/DC

priming

naive >>>>>>>>>> CTL

Mo >>>>> DC

AAV/cytokine delivery into DC or T cells

DC                                         or                           T cells

Paracrine                                                            Autocrine

T cells

Day:     

0 1 2 3 4  5  

AAV/IL-12

infection of 

T cells



IL-12 gene delivery and expression into  

DC and T cells. 



IL-12 gene delivery into DC cells: 

Secretion and ratio of IL-12/IL-10 expression. 

 

 

Figure 3 

shows 

AAV/IL12- 

transduced  

DC secreted 

~950 pg/ml 

IL12.  

2
0

n
g
/m
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A:   Secretion of IL-12 from T cells. 

B:   IFNgamma expression in T cells. 

 

Figure 4 

shows 

AAV/IL12- 

transduced  

T cells 

secreted 

~850 pg/ml 

IL12.  



Proliferation of T cells highest with IL-12  

Delivery into DC. 



IL-12 gene delivery into DC allows those DC 

to stimulate the best, outstanding CTL killers. 



Studies of three chemokines 

on identifying the optimal mode  

of action. 

Intracrine 

Autocrine 

DC 
T cell 

Paracrine 
IL-12 

IL-7, IFNgamma 

IL-12 ? 



IL-7 gene delivery into T cells generates 

CTL populations with highest killing abilities. 



Studies of three chemokines 

on identifying the optimal mode  

of action. 

Intracrine 

Autocrine 

DC 
T cell 

Paracrine 
IL-12 

IL-7, IFNgamma 

IL-12 ? 



Conclusions 

1) IL-12 gene delivery into DC generates 

CTL populations with highest killing abilities, 

more than into T cells. 

This suggests that the primary mode of action of 

IL-12 is on DC.  

 

2) Exogenous IL-12 protein addition did not mimic 

the IL-12 gene delivery in enhancing CTL killing. 

 

3) Effect of exogenous IL-12 protein addition did 

not equal effect to that of AAV/IL-12 gene 

addition.  

This is in spite of DC expressing IL-12R. 

Thus, these data are most consistent with an 

intracellular “intracrine” activity for IL-12 which 

does not utilize the IL12R. 



Attempts to improve 

antigen performance 
1) Most tumor antigens contain only a few  

         dominant MHC Class I-displayed epitopes 

2) These epitopes are usually 9-11 amino acids 

3) The remaining parts of the antigenic protein  

         are “junk”, of low immunologic importance. 

4) Can we make a synthetic antigen gene of  

     “concentrated” dominant epitope(s)? 

5) Can such a synthetic epitope antigen gene  

  be effective in stimulating antigen-specific CTL 

  which effectively kill tumor cells? 

6) How will such a synthetic antigen gene compare  

   to the original, full length antigen, for CTL stimulation? 





HLA.A2-restricted PSA epitopes 



Dominant epitope PSA4 was converted from amino acid 

sequence into a DNA sequence, repeated multiple times 

and cloned, as a synthetic antigen gene, into AAV.  









Answering the questions: 
4) Can we make a synthetic antigen gene of  

     “concentrated” dominant epitope(s)? 

  YES 

      Repeated epitope-dominant  (RED) approach 

5) Can such a synthetic epitope antigen gene  

  be effective in stimulating antigen-specific CTL 

  which effectively kill tumor cells? 

  YES (preliminary data) 

6) How will such a synthetic antigen gene compare  

   to the original, full length antigen, for CTL stimulation? 

  Preliminary data suggests that  

repeated epitope-dominant  (RED) approach may be  

useful for generating enhanced synthetic antigen genes. 

This may lead to significantly improved immunotherapy  

against cancer.  



Conclusions: 
1) AAV-based antigen gene loaded DC stimulate 

Robust antigen-specific CTL which can effectively  

kill tumor cells. 

 

2) AAV-based Th1 cytokine gene delivery into DC or 

T cells improves these antigen-specific CTL which can  

even more effectively kill tumor cells. 

 

3) Other AAV types may be even better than AAV type2 

In delivering genes into DC and T cells, and for  

DC activation. 

 

4) Synthetic, custom, antigen gene composed of  

dominant epitopes is a major area of research for  

further improving anti-cancer CTL.  



Conclusions: 

1) IL-7 gene altered T cells secreted more 4X 

     more IL-7 than equivalent modified DC. 

  

2) IL-7 delivery and expression into T cells 

resulted in CTL populations with highest killing 

abilities.  Thus, the primary mode of action of  

IL-7 is on the T cell. 

 

3) In contrast IL-2 gene delivery resulted in 

reduced CTL killing. 

 

4) These data are most consistent with an 

“autocrine” activity for IL-7 on the T cell itself. 

 

5) It is known that the IL-7Ralpha is down-

regulated after antigen stimulation.  Is IL7-Ra the 

bottleneck? 



Conclusions: 

 

1) AAV-based immuno-gene therapy has a bright 

future for: 

 

 Antigen gene delivery 

 

 Cytokine gene delivery 

 

 receptor gene delivery 

  

 specialized gene delivery 

 

2) AAV is a BSL1 agent 

 

3) AAV has relatively low immunogenicity 





Secretion of the gene delivered cytokine. 

DC DC 

T cell T cell 
4X higher 

  than 

    DC 



Characterization of DC. 



IL-12/IL-10 expression ratio in DC is roughly the 

same for all treatments.  AAV/IL-7 treatment 

gave little advantage. 



Characterization of T cells. 

B:   IFNgamma 

Expression in  

T cells after  

DC treatment. 

C:   IFNgamma, 

Expression after 

T cell 

treatment. 

D:     T cell 

proliferation  

after IL-7/T cell 

treatment. 



Treatment of 

  

 DC: 

 

 

 

 T cells: 

IL-7 gene delivery into T cells generates 

T cell populations with best CTL characteristics. 



IL-7 gene enhanced CTL still kill in an antigen 

specific (CEA) manner. 



Studies of three chemokines 

on identifying the optimal mode  

of action. 

Intracrine 

Autocrine 

DC 
T cell 

Paracrine 
IL-12 

IL-7, IFNgamma 

IL-12 ? 



Dual cytokine plus cytokine 

receptor gene delivery. 

If IL-7 gene delivery into T cells generates 

stronger CTL killer populations, what about 

gene delivery of IL-7 plus its receptor IL-7Ralpha? 



IL-7 gene delivery into T cells generates 

stronger CTL killer populations, however in this preliminary 

experiment IL-7Ralpha had a larger effect. 



IL-7Ralpha may also stimulate higher T cell 

proliferation as well. 



Antigenic epitope 

9-11 amino acids 
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EX VIVO: 

 

 

 

 

IN VIVO:  

General approaches of delivery 



wt AAV-2 

 

 

 

AAV-2/PSA  

(prostate specific antigen 

Is expressed only on prostate 

Cells. 

 Capsid proteins Replication 

proteins 

   PSA 

CMVie pr 

 X 

P5       p19             p40              p81 

lip, cap phenotypes rep phenotype 

AAV/PSA vector for 

treating prostate cancer 



Attempts to improve 

antigen and cytokine 

gene delivery 
1) We use AAV type 2, but now there are over  

   100 AAV types isolated.  

2) Maybe other types may deliver genes better into DC  

    and T cells.  

3) Here we compare AAV types 2, 730, 6 and 8.  

4) In addition to gene delivery, which AAV type actives  

    DC best, up-regulating B71 (CD80) and B72 (CD86)? 

5) What about the new AAV tyrosine mutant types by 

    Srivastava. 



Attempts to improve strength 

of CTL by Th1 cytokine gene 

delivery 
1) Th1 cytokines are critical for DC antigen presentation  

 to naïve responder T cells to generate antigen-specific  

 CTL killers. 

2) Examples of Th1 cytokines IL-7, IL-12, IFN gamma,  

     IL-15, IL-18, IL-21, etc.  

3) But which immune cell type should secrete the cytokine? 

     DC (paracrine) or T cell (autocrine).  This is an issue in  

    immunology rarely addressed.  

4) Using AAV gene delivery we can force the expression  

    of the cytokine into whichever cell type we want.  

5) This is an important issue for immuno-gene therapy. 



control 

 

 

 

AAV2  

 

 

 

AAV6 

 

 

 

AAV8 

                Illumination 
white                                 UV 

Delivery of eGFP by various AAV types 

Into DC 




