
Modulation of AAV vector dosing and 

avoidance of capsid immune responses via 

repeated co-administration of vector with 

rapamycin tolerogenic nanoparticles 

Amine Meliani



The presenter declare no conflict of interest

This work was partly supported by Selecta Bioscience



• AAV vectors are the tools of choice for in vivo gene transfer

• Extensive safety and efficacy data in animal models and 

humans

• Due to the non-integrative nature of AAV vectors, 

persistence of transgene expression in rapidly dividing 

tissues is limited 

(Bortolussi, HGT 2014; Ronzitti, MTM 2016)

• Gene therapy in pediatric patients may require vector 

readministration

• Vector re-dosing may be necessary to achieve full 

therapeutic efficacy

AAV vector-mediated gene transfer



• Anti-AAV neutralizing antibodies (NAb) 

are induced at high titers in response to 

vector administration

• The induction of NAb responses prevent 

vector readministration

• Prevention of anti-AAV NAb formation is 

challenging, even when global 

immunosuppression is used 

Masat et al., Disc Med 2013

Capsid immunogenicity represents a major limitation to 

in vivo gene transfer with AAV vectors



Rapamycin

Rapamycin formulated in PLGA nanoparticles (SVP [Rapa])

• Used in the clinic, known safety profile

• Spares regulatory T cells

(Moghimi , JTH 2011)

• Already tested together with AAV gene transfer

(Mingozzi, Blood 2007)

• Prevent ADA in animal models 

(Maldonado, PNAS 2015; Kishimoto, Nat Nanotech 2016)

• Currently being tested in humans   

(Clinicaltrials.gov NCT02648269)

• Single doses of SVP[Rapa] vs. chronic daily dosing of 

immunosuppressants

Rapamycin formulated in PLGA nanoparticles can 

be used to modulate protein immunogenicity



Aims of the study

1.To control AAV8 capsid immunogenicity 

with SVP[Rapa]

2.To understand the mechanism(s) of action 

of SVP[Rapa]



Day 0 Day 21 Day 53

SVP[Rapa]: PLGA nanoparticles containing rapamycin (200 μg)

Control group: empty nanoparticles = SVP[empty]

Male C57BL/6 mice, n=5/group, i.v. injections

Can we use SVP[Rapa] to control 

AAV8 capsid immunogenicity?

PRIME READMINISTRATION

AAV8-Luc
(4x1012 vg/kg) 

+/- SVP[Rapa]

AAV8-hFIX
(4x1012 vg/kg) 

+/- SVP[Rapa]



Prevention of anti-AAV8 antibody response 

and successful vector readministration with SVP[Rapa]

hFIX transgene levels at day 53 post AAV8-Luc injection

AAV8 only: naive mice injected at day 21 with AAV8-hFIX vector only

*** P < 0.001, ** P < 0.01 * P <0.05, Two-way ANOVA, Student’s t-test 

Anti-AAV8 IgG levels hFIX transgene levels



Is immunomodulation mediated by SVP[Rapa] 

co-administration antigen-specific? 

1. Identical antigen: AAV8

2. Non cross-reactive antigen: AAV5

3. Unrelated antigen: hFIX in CFA

SVP[Rapa]: PLGA nanoparticles containing rapamycin (200 μg)

Control group: empty nanoparticles = SVP[empty]

Male C57BL/6 mice, n=5/group, i.v. injections

PRIME CHALLENGE

AAV8-Luc
(4x1012 vg/kg)

+/- SVP[Rapa]

Day 0 Day 21



Antigen-specificity of immunomodulation 

with SVP[Rapa] co-administration

*** P < 0.001, **P < 0.01, Two-way ANOVA

Identical antigen AAV8



Antigen-specificity of immunomodulation 

with SVP[Rapa] co-administration

*** P < 0.001, **P < 0.01, Two-way ANOVA

Identical antigen AAV8

Non cross-reactive antigen AAV5

Unrelated antigen hFIX/CFA



SVP[Rapa] co-administration with AAV8 vectors 

prevents de novo activation of capsid B and T cells

** P < 0.01, * P < 0.05, Student’s t-test

AAV8 T cell ELISpot

PRIME

AAV8-CMV-VP1
(4x1012 vg/kg) i.v.

+/- SVP[Rapa]

Day 14C57BL/6 (n=5/group)

AAV8 B cell ELISpot



AAV8-hFIX
(4x1011 vg/kg) i.v.

Splenocytes transfer

(3 x 107 cells per mouse) i.v.

SVP[Rapa] effect can be transferred to recipient mice

Day +28

AAV8-Luc
(4x1011 vg/kg) i.v.

+/- SVP[Rapa]

Day -14

C57BL/6 (n=5/group)

DONOR

Recipient

Day 0 Day +1

a
n

ti
-A

A
V

8
 I

g
G

 (
m

g
/m

L
)

S V P [e m p ty ] S V P [R a p a ]

0

5

1 0

1 5

2 0
* * *

Anti-AAV8 IgG levels in recipient mice (Day +14)

*** P < 0.001 Student’s t-test



Is SVP[Rapa] effect mediated by the induction of 

regulatory T cell?

Treg depletion

anti-CD25: PC-61 i.p.

(200 μg) 

AAV8-Luc
(4x1012 vg/kg) i.v.
+/- SVP[Rapa] Day 0                Day 19-20

C57BL/6 (n=5/group)

PRIME CHALLENGE

Day 21             Day 32

** P < 0.01,  *** P < 0.001, one-way ANOVA

Anti-AAV8 IgG levels (Day 32)



Is SVP[Rapa] co-administration allowing 

for efficient  AAV vector re-dosing?



AAV8-hFIX

(2 x1012 vg/kg) i.v.

+/-SVP[Rapa]  

(3mg/kg)

Day 0

PRIME

AAV8

(2 x1012 vg/kg) i.v.

+/- SVP[Rapa]  

(3mg/kg)

Day 30

readministration

Day 95

SVP[Rapa] control B-cell response and allows efficient 

vector readministration in NHPs

Anti-AAV8 IgG levels hFIX transgene levels



Conclusions

• SVP[Rapa] co-administration with AAV vectors modulates

capsid immunogenicity and allows for vector

readministration;

• SVP[Rapa] immunomodulation appears to be antigen-

specific and mediated at least in part by regulatory T cells;

• SVP[Rapa] co-administration allows for successful vector

re-dosing in a large animal model of liver gene transfer;

• The use of SVP[Rapa] in conjunction with AAV gene

transfer appears to be a safe and effective strategy for the

modulation of vector immunogenicity.
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