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FIG. 3. Space-filling view of the Dob Ig molecule. One complete heavy chain is in white and the other is dark gray; the two light chains are
lightly shaded. The large black spheres represent the individual hexose units of the complex carbohydrate. In this view, the 2-fold axis of symmetry
is vertical. A crevasse is seen between the Cy2 of the white heavy chain and the C;, domain of the Fab on the left.

Three-dimensional structure of an intact human immunoglobulin

(antibodies/x-ray diffraction/glycoprotein/carbohydrate) Proc. Natl. Acad. Sci. USA
Vol. 74, No. 11, pp. 5140-5144, November 1977
E. W. SILVERTON, MANUEL A. NAVIA, AND DAVID R. DAVIES Immunology

Laboratory of Molecular Biology, National Institute of Arthritis, Metabolism and Digestive Diseases, National Institutes of Health, Bethesda, Maryland 20014 _



Neutralizing Antibodies

* ‘Abrogation of virus (vector) infectivity by
the binding of Abs to the particle’
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Neutralizing Antibodies

* ‘Abrogation of virus (vector) infectivity by
the binding

1) Steric Interference
2) Capsid Stabilization
3) Structural Changes

MNeutralization After
Replication Starts

Blocked Uncoatin
1; Capsid Stabilization
2) Fusion Interference

Human Rhinovirus, Smith TJ, 2002




AAV8 GFP expression in NHP liver (d7)
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Seroprevalence due to Natural Infection
Adenovirus
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Seroprevalence due to Natural Infection
Adeno-associated Virus (AAV)
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Calcedo, Vandenberghe et al. JID 2009




Substantial AAV2 Neutralizing Capacity Of Human
Plasma

Volume

Neutralizing
Titer 15uL 1mL 1L

<8 x 10° <5 x 10 <5 x 10%

8 x 109 - 5 x 10 - 5 x 10%4 -
8 x 1010 5 x 102 5 x 10%°

8 x 1010- 5x 1012 - 5x 1015 -
3.6 x 1011 2 x 1013 2 x 1016

> 3.6 x 1011 > 2 x 1013 > 2 x 1016

Courtesy of P. Colosi/Avigen — currently NEI




Model of Pharmacodynamics of Improved
Vectors In the presence of NAB
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Model of Pharmacodynamics of Improved
Vectors In the presence of NAB

105:!

g

g 1
P
s
= gloy
w._ L
C‘Eﬁ :
8 .

| J  J | J  J | J  J | J  J
3.3e¢ 1e10 3.3e¢ lel1l 33ell 1el2 33el12 1el3
Dose




Serological prevalence In preclinical primate
models as well...

Ad AAV

Cynos
n=150

Human Chimpanzee Monkey

N\ Y4 \ Frequency
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Antibody-virus binding
‘Percentage Law”

 Over a wide range of virion
concentrations, a given concentration of
antibody neutralizes the same relative
proportion of virus infectivity

— Andrewes, C.H. & Elford, W.J. Observations
on anti-phage sera |. ‘The percentage law'.
Br. J. Exp. Path. (1933)




Antibody-virus binding
‘Percentage Law”

V] + [Ab ._Kon V — Ab VA
+ — —
Vi AR Koff[ | [V] [Ab]

At (50% neutralization) free virus conc. [V]
equals bound virus conc. [V-ADb].
At this point the antibody concentration [ADb]
IS dependent on affinity, not on virus concentratio

If antibody Isin excess, I.e.,
virus binding does not change antibody concentration

*Exception: Hit & Run Virus Neutralization




Antibody-virus binding
“Percentage Law” — some back of
the envelope calculations

Serum IgG conc — 1.1 g/dl = 11mg/ml
If 0.1% Is neutralization specific, 11pg/ml

11pg/ml =73 nM (73 x 10° M) = approx.
4x10*3 molecules IgG/ml

If Kd = approx. 1 nM, 50% virus will be
neutralized at 73 x dilution (1/73 NAB titer)

100 ul of a 100 x dilution contains 4 x 10%°
molecules IgG




Poliovirus neutralization and the
Percentage Law
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Fig. 2. Effect of the amount of virus on the dilution of antibodies ensuring 50 per cent
neutralization. Data were taken from Table 1, last column. Open cireles, polyelonal
serum; filled cireles, MoAb 36-5h 2; squares, MoAb 35-1f4

“The degree of neutralization by mono- and polyclaaratibodies is determined
by the antibody/virion ratio at virus concentrat®baxceeding FPPFU/mI,
and by antibody concentration alone at lower ddses.

Brioen, P. & Boeye, A. Arch. Virol. 83, 105 (1985)




Detection
Parameters for design of NAB assay

* In vitro NAB assay
— <109 pt/mL
— Normalize by physical, not infectious titer

— Titer:
e Dilution at which XX% neutralization is achieved

e Passive transfer In vivo neutralization
— Vector dose / ty,
— Dose of Ig / Blood volume
— Non-Neutralizing effects




Limitations of in vitro NAB

Mon-immuneg semnm
= AdCEE
—— AdCDO

anti-AdCER serum
-=- AdCE8
8- AdCD0

GFP" cells (%)

100 1000 10000
Serum dilution

(Gag vector

Bl .dC68
JadCcDQ

IFNy CD8"/ CD8"™ (%)

Anti-AdC68 Mon-immung serum

Passively transferred antibody

Picha-Gollon et al., JVI 2009




Non-Neutralizing effects of Ab
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Marasco & Sui, Nature Biotechnology 25, 1421 - 1434 (2007)




NAB, Immune-activation and STEP

Ad5 Titer (1/x)

Vaccine
Placebo

18 18-200

20 8
20 4

C Subject #2
Gated on HLA-DR™ Cells
Ad5 NNS

200-1000 >1000

14 /

7 2

Buchbinder et al., Lancet 2008

Perreau et al., JCI 2009




Breadth of NAB Response
and Cross Reactivity

Vector pseudotypes used in the neutralization assay

from rabbit

immunized with:

AAV2/1 No NAB 1/40,960 1/40,960 1/40 No NAB

AAV2/2 1/80 1/5,120 No NAB 1/80 1/40 No NAB

AAV2/3 1/1,280 1/2,560 1/40 1/2,560 1/1,280 No NAB

AAV2/4 1/20 No NAB No NAB 1/40 No NAB No NAB 1/40

AAV2/5 1/20,480 No NAB 1/80 1/5,120 1/40 No NAB

>
AAV2/6 1/81,920 | NoNAB | 1/640 1/40 1/40 TG

AAV2/7 1/1,280 1/640 1/1,280 1/80 1/16 homol.

AAV2/8 1/20 1/1,280 1/1,280 1/2,560 < 1/16 homol.

AAV2/9 No NAB No NAB No NAB No NAB

Gao, Vandenberghe et al. JVI, 2004




Likelihood of cross reactivity in human sera

Table 2. Linkage of seroreactivity between adenc-associsted wirus (AAV) seretypes in
humans from 4 geographic areas.

M&E tiber,
regice,
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Seroreactvity linkage ratio
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Auusirsia
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LANE
Linited Stmies
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Calcedo, Vandenberghe et al. JID. 2009



Breadth — Natural Infection vs Vaccination

Ad5 Seronegative Ad5 Seropositive
(Ad5 Nab titer<36, n=17) (Ad5 Nab titer>36, n=12)
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Neutralization Target Cheng et al., JVI, 2010




3-D Analysis of AAV:FAD Complexes

Crystal structure

| structures ~2.5 -3.5

A

Capsid: FADb
complex
structure

by Cryo-EM

(Gurda and McKenna, in preparation)
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Circumventing NAB

Anatomical
Route of Administration
Surgical

Immune Suppression
Chemical modification

Serotype switching
Vector Engineering
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