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To assess the therapeutic utility of AAVHSC15 and AAVHSC17, two recently described Clade F adeno-
associated viruses (AAVs), the seroprevalence of neutralizing antibodies (NAbs) to these AAVs was as-
sessed in a representative human population and compared to that of AAV9. NAb levels were measured in
100 unique human sera of different races (34, Black, 33 Caucasian, and 33 Hispanic) and sex (49% female,
51% male) collected within the United States. Fifty-six sera were tested in Huh7 cells and 44 sera were
tested in 2V6.11 cells with vectors packaged with either a CMV-promoter upstream of LacZ or a CBA-
promoter upstream of Firefly Luciferase, respectively. For AAVHSC15, AAVHSC17, and AAV9, 24/100
(24%), 21/100 (21%), and 17/100 (17%), respectively, of all sera tested were seropositive for NAbs using
50% inhibition of cellular transduction at a 1/16 dilution of serum as cutoff for seropositivity. Only 6% of
positive sera had titers of 1/150 to 1/340, indicating that the majority of positive sera were of low titer.
Significant cross-reactivity of NAbs across all three AAV serotypes was observed. These data show that
approximately 80% of humans evaluated were seronegative for pre-existing NAbs to the AAV serotypes
tested, suggesting that the vast majority of human subjects would be amenable to therapeutic interven-
tion with Clade F AAVs.
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INTRODUCTION
RECOMBINANT ADENO-ASSOCIATED VIRUSES (AAVs)
have become the preferred vectors for many virus-
based gene therapies due to their widespread
tissue tropism, their ability to transduce both di-
viding and nondividing cells, and their low patho-
genicity, genotoxicity, and immunogenicity.1,2 To
date (November 2017), there are more than 65 ac-
tive or recruiting gene therapy clinical trials em-
ploying AAV vectors delivering a wide variety of
disease-modifying genes.3

Although the immune response to AAVs in hu-
mans and animal models is more limited compared
to other viral vectors, AAV infections are common
in humans4–7 and other laboratory animals,8–10

and the prevalence of pre-existing neutralizing
antibodies (NAbs) can be an obstacle to the clinical
use of AAV as gene therapy vectors. Even low (<1/
20 serum dilution) titers of NAbs have been shown
to block AAV-mediated transduction and transgene
expression in humans and animal models.8,11–15 The

estimated NAb prevalence in humans depends on
serotype, with seroprevalence to AAV1 and AAV2
reported from 40–50% to a high of approximately
80% of normal subjects, while NAb seroprevalence
to other AAVs are lower, with estimates of 5% for
AAV5, 15–40% for AAV8, 20–33% for AAV9, and
about 40% for AAV6.4,5,7,16,17 Some of the reported
variability in these values is likely due to sample
cohort and/or assay differences.18

Smith et al.19 reported the cloning of a novel
group of 16 AAV capsid genes, termed AAVHSC,
from normal human peripheral blood CD34+ he-
matopoietic stem cells. Sequence analyses showed
that the AAVHSCs are closely related to AAV9
and map into AAV Clade F.19 As part of the de-
velopment strategy to utilize these AAVHSCs for
gene therapy, the pre-existing NAb prevalence to
AAVHSC15 and AAVHSC17 was determined in
sera from a large group of individuals of both sexes
and varied race. Results were compared with pre-
existing NAb prevalence to AAV9 measured under
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identical conditions. The results show that about
80% of the tested human samples were seronega-
tive for pre-existing NAbs to Clade F AAVs.

MATERIALS AND METHODS
AAV vector construction and production

AAVHSC15,19 AAVHSC17,19 and AAV9 pack-
aging either a single-stranded CMV-LacZ (Gene
Therapy Center, University of Massachusetts,
Worcester, MA) or CBA-Firefly Luciferase trans-
gene (SABTech, Inc., Philadelphia, PA) were pre-
pared by triple-plasmid transient transfection in
HEK293 cells using calcium phosphate and purified
through two rounds of CsCl density gradient ultra-
centrifugation.20 Final titers of the AAVHSC15-CBA-
Luc, AAVHSC17-CBA-Luc, and AAV9-CBA-Luc
vectors determined by quantitative polymerase
chain reaction (PCR) were 8.4 · 1012, 1.1 · 1013, and
1.2 · 1013 vector genomes (vg)/mL, respectively.
Final titers for the AAVHSC15-CMV-LacZ, AAV
HSC17-CMV-LacZ, and AAV9-CMV-LacZ vectors
determined by Droplet Digital� PCR were
8.5 · 1012, 3.5 · 1012, and 3.5 · 1013 vg/mL, respec-
tively. All vectors were characterized on sodium
dodecyl sulfate polyacrylamide gel electrophoresis
with silver staining of the gels and by their ability
to transduce Huh7 cells (b-galactosidase activity)
or 2V6.11 cells (luciferase activity) over a range of
multiplicities of infection (MOI).

Human sera
One hundred unique human sera (34 Black,

33 Caucasian, and 33 Hispanic; 49 female and
51 male) were obtained from BioreclaimationIVT
(Baltimore, MD). All samples were received frozen
and were stored at -80�C prior to use. All sera were
heat-inactivated at 65�C for 30 min prior to use.

NAb analyses
Two cellular assays performed at two separate

laboratories were used to measure the levels of
NAbs against AAV9, AAVHSC15, and AAVHSC17
in human serum. NAb levels in 56 human sera
were assessed in the Huh7 cell assay at the Gene
Therapy Center, University of Massachusetts
(Worcester, MA), as described previously.4 Huh7
cells were cultured in complete medium (Dulbec-
co’s modified Eagle’s medium [DMEM]; CellGro,
Corning NY +10% fetal bovine serum [FBS] Hy-
clone; GE Healthcare Life Sciences, Logan, UT
+1% penicillin/streptomycin solution), seeded into
assay plates at 50,000 cells/well, and incubated for
approximately 20 h at 37�C under 95% air 5% CO2

in the tissue culture incubator. b-Galactosidase

AAV vectors were diluted to a final concentration of
2 · 1010 vg/mL (1 · 109 vg/well) in DMEM and were
incubated with human sera at dilutions of 1/16,
1/32, and 1/64 to estimate NAb prevalence in the
cohort of human sera. A rabbit polyclonal anti-AAV
positive control serum was included on every plate,
and mouse serum (Sigma–Aldrich, St. Louis, MO)
was used as a negative control using the same di-
lution series in separate wells. Plates containing
the vector/serum mixtures were returned to the
incubator. After 1 h at 37�C, 0.1 mL of each vector/
serum sample was removed from the plate and was
added to plates of Huh7 cells at a MOI of 10,000 in
fresh complete medium containing 20% FBS.
Plates of cells were returned to the incubator for
18–20 h at 37�C. Cells were then lysed by the ad-
dition of lysis buffer to each well, and b-galactosidase
activity was assessed, as described previously.4 All
assays were performed in triplicate wells, and
samples were considered positive if b-galactosidase
activity was reduced ‡50% relative to mouse serum
background. Since mouse serum in the presence of
AAV activates b-galactosidase activity in the Huh7
cell assay in a dose-dependent manner (up to 15- to
20-fold at a 1/5 serum dilution), a 50% inhibition of
cellular transduction at a 1/16 dilution of serum
was used as cutoff for seropositivity for each AAV
to minimize the number of false-positives. The
100% reference levels of b-galactosidase activity
were set using the average values from 1/32 to
1/1,024 dilutions of mouse serum. Over this range of
dilutions, mouse serum increased b-galactosidase in
the presence of AAV by twofold or less. NAb titers
were assessed on positive sera in the same man-
ner using serial dilutions of each serum from 1/5 to
1/1,024 using FBS as a negative control. FBS in-
creased b-galactosidase activity in the presence of
AAV by twofold or less over this range of dilutions
and was thus deemed a suitable negative control
for these experiments. A blank control of cells
not transduced with virus was included on each
plate. Transduction activity was calculated accord-
ing to the following formula: transduction activity =
(mean b-galactosidase activity-blank)sample/(mean
b-galactosidase activity-blank)100% reference value · 100.

NAb levels in 44 human serum samples were
assessed in the 2V6.11 cell assay21 at Genosafe
(Évry, France). Forty-four of the samples were
unique, with an additional 10 samples previously
tested in the Huh7 assay, as described above. The
2V6.11 cells were seeded into each well (40,000
cells/well) of a clear-bottomed white 96-well plate
and incubated for 24 h at 37�C in DMEM (Sigma–
Aldrich) in a tissue culture incubator. The next
day, the serum samples were diluted 1/16 and 1/64
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into FBS (Gibco; Thermo Fisher Scientific, Gai-
thersburg, MD) and incubated with the recombi-
nant luciferase vectors for 1 h at 37�C. The final
concentrations of FBS were 94–98%. The trans-
duction mixture was then added to the cells at a
MOI of 2,000, and the cells were returned to the
incubator for 24 h. Luciferase reagent was then
added to the cells and incubated for 10 min with
agitation at room temperature, and luminescence
was measured immediately, as described pre-
viously.21 NAbs were assessed in triplicate wells,
and the results were normalized to a 100% con-
trol (preincubation of vector without human se-
rum). A 0% control (cells not transduced with
virus) was also included on each plate. NAb titers
of positive sera were assessed in the same man-
ner over a 1/5–1/1,024 dilution range of each
sera. Transduction activity was calculated accord-
ing to the formula: transduction activity = (mean
luminescence signal)sample /(mean luminescence
signal)100% reference value · 100.

Statistical comparisons of NAb-positive or
-negative sera across race and sex were performed
by logistic regression using STATA v12 (StataCorp,
LLC, College Station, TX).

RESULTS
In vitro transduction of Huh7 cells and 2V6.11
cells by AAV9, AAVHSC15, and AAVHSC17

Prior to measuring the seroprevalence rates of
NAbs to AAV9, AAVHSC15, and AAVHSC17 in a
cohort of human sera, the ability of these vec-
tors to transduce the Huh74 and 2V6.1121 cell
lines employed in the NAb assays were assessed.
Incubation of Huh7 cells with increasing numbers
of AAVHSC15 or AAVHSC17, each packaging a
CMV-LacZ transgene, produced a linear increase
in b-galactosidase activity over a range of MOI
from 300 to 40,000 (Fig. 1A). At a MOI of 10,000,
the signal/background ratio was ‡10-fold for each
vector. At an identical MOI, the signal/background

Figure 1. In vitro transduction of Huh7 and 2V6.11 cells by adeno-associated virus (AAV) serotype 9, AAVHSC15, and AAVHSC17. Huh7 cells (A) were
incubated with either AAV9- (�), AAVHSC15- (6), or AAVHSC17 (B)-CMV-LacZ, and 2V6.11 cells (B) were incubated with either AAV9- (�), AAVHSC15- (6), or
AAVHSC17 (B) -CBA-Luciferase at the indicated multiplicities of infection. The expression of b-galactosidase or luciferase was assessed as described in the
Materials and Methods. Each point in the panels represents the mean – standard deviation (SD) of triplicate wells (A) or the mean of triplicate wells (B) for
each condition.

Table 1. Relative AAV NAb levels in 10 unique human sera measured in the Huh7 and 2V6.11 cell assays

Human serum samplea

BRH114190 BRH1146214 BRH1146204 BRH1146235 BRH1146229 BRH1146230 BRH1146224 BRH1146258 BRH1146254 BRH1146269
Cell
assay AAV vector Relative anti-AAV NAb level (percent of reporter activity remaining)

2V6.11 AAV9-Luc 104 28 0 98 93 8 1 1 139 113
Huh7 AAV9-LacZ 77 41 0 102 69 15 0 3 100 87
2V6.11 AAVHSC15-Luc 117 28 0 106 94 3 0 1 110 117
Huh7 AAVHSC15-LacZ 78 14 1 115 73 3 2 2 112 92
2V6.11 AAVHSC17-Luc 95 34 0 87 87 6 1 1 139 117
Huh7 AAVHSC17-LacZ 83 24 0 106 78 3 2 1 110 74

aTen human sera that were previously identified as NAb positive (5 samples, bold) or NAb negative (5 samples) in the Huh7 assay were tested in the 2V6.11
cell assay for NAb to AAV9-, AAVHSC15-, or AAVHSC17-CBA-Luc, as described in the Materials and Methods. Values reported are from 1/16 dilutions of each
sera and represent the mean values of triplicate determinations. BRH numbers are serum identifiers.

AAV, adeno-associated virus; NAb, neutralizing antibody
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ratio of ~b-galactosidase activity for AAV9-CMV-
LacZ was nearly 100-fold (Fig. 1A). Similarly,
transduction of the 2V6.11 cells with increasing
amounts of AAVHSC15, AAVHSC17, or AAV9,
each packaging a CBA-driven luciferase transgene,
produced an increase in luciferase activity with
increasing MOI from 2,000 to 10,000 (Fig. 1B). At a
MOI of 2,000, the vector signal-to-background ratio
was ‡100-fold for all three vectors. These data in-
dicated that all three vectors transduced Huh7 and
2V6.11 cells and that a MOI of 10,000 and 2,000 for
each cell line, respectively, would be suitable for
assessing the levels of pre-existing NAbs in hu-
man sera.

Concordance of NAbs measured in the Huh7
and 2V6.11 cell assays

To evaluate whether the seroprevalence rates of
NAbs measured in the two cell assays were similar,
10 unique samples of human sera were assessed in

the Huh7 and 2V6.11 cell assays, and the relative
levels of NAbs were compared. A serum sample was
judged positive for neutralization if a 1/16 dilution
of serum inhibited reporter expression by ‡50%.
Each serum sample was previously tested in the
Huh7 assay and included five NAb-positive and
five NAb-negative samples. Similar results were
obtained for the two assays. All antibody-negative
samples were negative in both assays, and the es-
timated NAb levels were similar for the antibody-
positive samples (Table 1). The results were highly
correlated across the two cell assays: relative NAb
levels across all three capsids (30 x, y pairs) yielded
an r2 of 0.92 ( p < 0.0001). Since the NAb levels
measured in the two assays were similar, the NAb
data for the 100-sample cohort of human sera an-
alyzed by the two assays were combined in the
studies described below.

Seroprevalence of NAbs to AAV9, AAVHSC15,
and AAVHSC17 in human sera

The seroprevalence of NAbs to AAV9, AAVHSC15,
and AAVHSC17 was assessed in 100 unique hu-
man sera of different races and each sex. The
combined data from the Huh7 and 2V6.11 assays
are shown in Fig. 2. Approximately 80% of the sera
tested were negative for NAbs to all three vectors
at a 1/16 dilution of serum, while the remainder,
about 20%, had NAbs that blocked reporter ex-
pression by at least 50% over the range of serum
dilutions analyzed. The proportion of sera that
were seronegative for NAbs was similar for all
three vectors, with approximately 80% of samples
seronegative for antibodies to AAV9, AAVHSC15,
and AAVHSC17, respectively (Table 2). The num-
ber of NAb-positive sera was distributed across the
races tested, with 10/33, 9/33, and 5/34 sera testing
NAb positive for all three vectors for sera derived
from Caucasians, Hispanics, and Blacks, respec-
tively. When combined by sex, 13/51 males and
11/49 females were positive for NAbs to AAV9,
AAVHSC15, and AAVHSC17. Any apparent differ-
ences in NAb-positive and -negative samples across
race and sex were not statistically significant.

Figure 2. Prevalence of neutralizing antibodies (NAbs) to AAV9, AAVHSC15,
and AAVHSC17 in human sera. NAb levels in a varied race (34 Black, 33
Caucasian, and 33 Hispanic) and sex (49 female, 51 male) cohort of human
sera were measured in the Huh7 (56 unique samples) and 2V6.11 (44 unique
samples) cell assays, as described in the Materials and Methods. Each dot
(mean of triplicate wells) represents a unique serum sample tested at a 1/16
dilution against each AAV serotype. The dotted line represents the 50% cutoff
for NAb seropositivity.

Table 2. Prevalence of anti-AAV9, anti-AAVHSC15, and anti-AAVHSC17 NAbs in human serum

NAb assay
AAV9 a AAVHSC17 AAVHSC15

NAb+ NAb– NAb+ NAb– NAb+ NAb–

2V6.11 8/44 (18%) 36/44 (82%) 8/44 (18%) 36/44 (82%) 9/44 (20%) 35/44 (80%)
Huh7 9/56 (16%) 47/56 (84%) 13/56 (23%) 43/56 (77%) 15/56 (27%) 41/56 (73%)
Totals 17/100 (17%) 83/100 (83%) 21/100 (21%) 79/100 (79%) 24/100 (24%) 76/100 (76%)

aThe prevalence of NAbs in a cohort of 100 unique varied race and sex human sera were assessed in the Huh7 (56 samples) and 2V6.11 (44 samples) cell
assays, as described in the Materials and Methods. The percent of sera positive (NAb+) or negative (NAb–) for NAbs are shown in parentheses.
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Pre-existing NAb titers in human serum
The NAb titers in each of the seropositive sam-

ples were assessed using a range of serial dilu-
tions from 1/5 to 1/1,024. NAb titer was defined as
the highest dilution of serum that produced a 50%
reduction in reporter expression. Dose-dependent
reductions in reporter activities were observed
for each of the sera tested, with a variation in es-
timated IC50 of approximately 60-fold between
samples (Fig. 3). The seropositive samples were
evenly distributed in measured titers among four
groups: >1/150, 1/50–1/100, 1/25–1/50, and <1/25

(Table 3), with only 6/100 samples showing the
highest titers of NAb (Table 3). Similar results
were obtained for NAb titers for AAV9, AAVHSC15,
and AAVHSC17. These data show that the major-
ity of NAbs directed against these Clade F AAVs
are of low titer.

Cross-reactivity of NAbs to AAV9, AAVHSC15,
and AAVHSC17

The similarity in NAb titers for each of the AAV
described in Table 3 suggested that each NAb-
positive serum could cross-react and block trans-

Table 3. Anti-AAV9, anti-AAVHSC15, and anti-AAVHSC17 NAb titers in human sera

Serum titer >1/150 Serum titer 1/50–1/100 Serum titer 1/25–1/50 Serum titer <1/25

Serum Vector Titera,b Serum Vector Titer Serum Vector Titer Serum Vector Titer

BRH1146204 AAV9 1/342 BRH1146242 AAV9 1/79 BRH1146211 AAV9 1/24 BRH1146189 AAV9 1/21
H, F AAVHSC15 1/337 C, M AAVHSC15 1/81 H, F AAVHSC15 1/25 B, F AAVHSC15 1/19

AAVHSC17 1/322 AAVHSC17 1/104 AAVHSC17 1/28 AAVHSC17 1/19
BRH1146224 AAV9 1/183 BRH1146230 AAV9 1/87 BRH1146214 AAV9 1/34 BRH1146210 AAV9 1/12
C, F AAVHSC15 1/170 C, F AAVHSC15 1/85 H, F AAVHSC15 1/31 H, F AAVHSC15 1/10

AAVHSC17 1/184 AAVHSC17 1/82 AAVHSC17 1/35 AAVHSC17 1/10
BRH1146252 AAV9 1/265 BRH1146231 AAV9 1/60 BRH1146243 AAV9 1/22 BRH1146237 AAV9 1/17
H, M AAVHSC15 1/215 C, F AAVHSC15 1/79 C, M AAVHSC15 1/29 C, M AAVHSC15 1/22

AAVHSC17 1/188 AAVHSC17 1/64 AAVHSC17 1/23 AAVHSC17 1/19
BRH1146258 AAV9 1/199 BRH1146250 AAV9 1/60 BRH1146244 AAV9 1/45 BRH1146195 AAV9 1/15
H, M AAVHSC15 1/213 C, M AAVHSC15 1/95 C, M AAVHSC15 1/34 B, F AAVHSC15 1/19

AAVHSC17 1/186 AAVHSC17 1/71 AAVHSC17 1/50 AAVHSC17 1/18
BRH1146218 AAV9 1/153 BRH1146268 AAV9 1/45 BRH1146246 AAV9 1/31 BRH1146199 AAV9 1/14
H, F AAVHSC15 1/275 H, M AAVHSC15 1/63 C, M AAVHSC15 1/32 B, F AAVHSC15 1/20

AAVHSC17 1/199 AAVHSC17 1/58 AAVHSC17 1/40 AAVHSC17 1/15
BRH1146262 AAV9 1/217 BRH1146282 AAV9 1/40 BRH1146275 AAV9 1/33 BRH1146247 AAV9 1/6
H, M AAVHSC15 1/300 B, M AAVHSC15 1/55 B, M AAVHSC15 1/31 C, M AAVHSC15 1/14

AAVHSC17 1/297 AAVHSC17 1/78 AAVHSC17 1/29 AAVHSC17 1/10

aNAb titers were assessed in the Huh7 (15 sera) and 2V6.11 (9 samples) cell assays using serial dilutions (1/5–1/1,024) of each NAb positive serum sample
described in Fig. 3. The BRH numbers are serum identifiers. Those in normal text or italics were assayed in the Huh7 and 2V6.11 assays, respectively.

bSerum dilution required for 50% inhibition of reporter activity determined by nonlinear regression analyses of each curve shown in Fig. 3.
B, Black; C, Caucasian; H, Hispanic; M, male; F, female.

Figure 4. Cross-reactivity of Nabs for AAV9, AAVHSC15, and AAVHSC17 in human sera. Serial dilutions (1/5 to 1/1024) of each Nab-positive serum identified in
Fig. 2 were incubated with either AAV9-, AAVHSC15-, or AAVHSC17-CMV-LacZ or with AAV9-, AAVHSC15-, or AAVHSC17-CBA-Luc. The effects on beta-
galactosiodase expression in Huh7 cells (A) and on luciferase expression in 2V6.11 cells (B) were assessed as described in the Materials and Methods.
Representative examples of data from the Huh7 and 2V6.11 cell assays are shown. Each point represents the mean – SD of triplicate wells of each serum
dilution. BRH1146275 and BRH1146195 are the serum identifiers.
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duction of the AAV tested. As shown in Fig. 4 for
two representative sera tested, each of the NAb-
positive sera blocked transduction (measured by
reporter activity) of each AAV with an identical
dose–response curve. Similar data were observed
for all NAb-positive sera (data not shown). These
data demonstrate that NAbs to AAV9, AAVHSC15,
and AAVHSC17 in human sera are cross-reactive
and can block cellular transduction by all three
Clade F AAVs.

DISCUSSION

Preexisting immunity to AAV due to a previous
infection with a specific AAV serotype can impede
successful application of specific recombinant AAV
serotypes to genetic medicine.14,22 Even low-titer
(<1/20 serum dilution) anti-AAV NAbs have been
shown to block transduction of target tissues and
limit the effectiveness of AAV gene transfer in
both preclinical animal models and human clinical
trials.13–15 NAb cross-reactivity between AAV se-
rotypes is also an important consideration.6,8,9,16

For these reasons, it is critical to understand
the prevalence of pre-existing NAbs in the hu-
man population to any new AAV serotype that
is discovered.

The current study assessed the seroprevalence
of pre-existing NAbs to AAVHSC15 and AAVHSC17,
two members of a new group of Clade F AAVs,19 in
a large cohort of human sera and compared their
seroprevalence to that of AAV9. The human sera
were evenly split according to sex within each of
three racial groups tested (Black, Hispanic, Cau-
casian) and were collected within the United
States. The results show that approximately 80%
of the population tested were seronegative for pre-
existing NAbs to the three Clade F AAV serotypes
at a serum dilution of 1/16. These results are con-
sistent with the seroprevalence of NAb to AAV9
reported previously.16,17 No statistically signifi-
cant differences in NAb prevalence to the Clade F
AAVs was observed in the three racial groups
or sex of the donors included in the assessment,
but this conclusion must be tempered by the low
number of NAb-positive sera identified in each
group. Previous studies have shown NAb cross-
reactivity between members of the same or dif-
ferent AAV Clades,6,9,16 and the current results
show identical NAb titers and cross-reactivity for
AAVHSC15, AAVHSC17, and AAV9 in each of the
NAb-positive human sera tested. These results are
not unexpected, given the small differences in
primary sequence of their capsid proteins,19 and
the likelihood of polyclonal antibody responses to

naturally occurring AAV infections would be ex-
pected to neutralize AAVs of similar structure.

To reduce the influence of assay variability in
the results, the NAb prevalence was tested at two
different laboratories using two published NAb
assays based on either Huh7 or 2V6.11 cells.4,21

Although the optimal conditions of the assays are
substantially different (MOIs, incubation condi-
tions, helper virus infection, or expression), nearly
complete concordance was found in estimated NAb
prevalence measured in a small 10-sample subset
of human sera tested by the two groups and cell
assays. These data provide for greater confidence
in the estimates of NAb prevalence to AAVHSC15,
AAVHSC17, and AAV9 in humans.

Although NAbs to AAVs can be key regulators of
transduction efficiency in vivo, several groups have
reported strategies to overcome the NAb-mediated
inhibition of tissue/cellular uptake of AAVs. One
such approach is AAV targeting of immune-
privileged tissues such as the central nervous sys-
tem or ocular tissues, thereby limiting contact with
NAbs in the circulation.23–25 Other approaches
depend on the pharmacokinetics of AAVs follow-
ing systemic delivery. AAVs are generally rapidly
cleared from the blood after intravenous dosing,
showing elimination half-lives of several hours or
less.26–29 This rapid clearance from the circulation
allows short-term variations in route of adminis-
tration such as balloon catheter-mediated delivery
of AAVs into the portal vein.30 Depletion of NAbs
by transient immune suppression31–34 or by plas-
mapheresis35 have also been effective approaches
to increase AAV gene transfer in NAb-positive
subjects. Using passive transfer of anti-AAV8 NAbs
in mice, Hurlbut et al.11 recently demonstrated
that inhibition of AAV transduction in the liver by
low-titer NAbs could be overcome by increases in
vector dose.

These data suggest multiple strategies can be
utilized to minimize the effects of NAbs and in-
crease the effectiveness of AAV-mediated gene
therapy. It may be possible to couple one or more of
these approaches with AAVs of low pre-existing
NAb prevalence in humans, such as AAVHSC15
or AAVHSC17, to enable maximal application of
these AAVHSC as therapeutic vectors for human
disease.
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