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During recombinant Adeno-associated virus (AAV) produc-
tion, a proportionately large amount of vectors is released in
the culture supernatant, which is often discarded. It has been
shown that these vectors often associate with vesiculated
structures, such as exosomes. Exosome-associated AAV (vex-
osomes) represent an additional gene-delivery platform. The
efficiency of such vexosomes in suicide gene therapy is unex-
plored. In the present study, we have generated AAV sero-
type 6 vexosomes containing an inducible caspase 9 (iCasp9)
suicide gene by a differential ultracentrifugation-based pro-
tocol. We further tested the cytotoxic potential of these vex-
osomes in a human hepatocellular carcinoma (HCC) model
in vitro and in vivo. The AAV6-iCasp9 containing vexo-
somes, when primed with a pro-drug (AP20187), demon-
strated a significant loss in cell viability (57% ± 8% versus
100% ± 4.8%, p < 0.001) in comparison to mock-treated
Huh7 cells. An intratumoral administration of AAV6-iCasp9
vexosomes and AP20187 in a murine xenograft model re-
vealed a 2.3-fold increase in tumor regression in comparison
to untreated animals. These findings were further corrobo-
rated by histological analysis and apoptosis assays. In conclu-
sion, our data demonstrate the therapeutic potential of
AAV6 vexosomes in a xenotransplantation model of HCC.
Furthermore, the simplicity in production and isolation of
vexosomes should further facilitate its application in other
malignancies.
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INTRODUCTION
Adeno-associated virus (AAV) vectors have been gaining impor-
tance as an efficient delivery system for in vivo gene transfer, owing
to their long-term gene expression and broad tissue tropism.1,2 They
have exhibited an excellent safety profile in clinical trials for hemo-
philia3 and Leber congenital amaurosis (LCA).4,5 However, the
requirement of high vector doses (1012 vector genomes [vgs] per ki-
logram), particularly in the context of systemic gene transfer into
humans,3,6 necessitates large-scale production of these vectors,
thus limiting their widespread use. The arduous and intensive
multistep purification protocol is one of the major factor contrib-
uting to the cost of this promising mode of gene therapy.7–9 Thus,
further improvements to increase the yield and simplify the
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downstream purification process are pertinent to address the future
needs in clinical application.

The standard method for generating AAV vectors involves the use of
a producer cell line AAV293.10 During vector production, assembled
AAV vector particles that accumulate inside the producer cells are
harvested by cell lysis to release AAV particles, followed by different
purification steps, such as ultracentrifugation and/or affinity-based
purification methods.11,12 Recently, it has been reported that during
vector production, a fraction of AAV vectors associated with micro-
vesicles/endovesicles (exosome [exo]-associated AAVs or vexo-
somes) are naturally released into the supernatant fraction of the
cell-culture media.13,14 These exo-AAV vectors seem to perform bet-
ter than the conventionally purified AAV vectors15,16 in the setting
of gene transfer to the retina,15 the nervous system,16 and the inner
ear.17 Several studies have also demonstrated that exo-vectors not
only have higher transduction efficiency but are also resistant to
neutralizing antibodies.17,18 The latter feature may be of importance,
particularly for therapeutic applications in vivo where endogenous
anti-AAV antibodies often compromise the therapeutic efficacy of
gene delivery.13

Whereas the efficiency of exo-AAV vectors during production of
AAV serotypes, such as 1, 2, 5, 6, 7, 8, and 9, has been described13

and tested for replacement gene therapy of disorders, such as hemo-
philia,17 Leber congenital amaurosis,19 and hearing loss,18 its effi-
ciency for suicide gene therapy is not known. We have recently
demonstrated the potential of a AAV2-mediated inducible caspase
9 (iCasp9) gene delivery in a hepatocellular carcinoma (HCC)
model.20 In the current study, we have evaluated the potential of
exosome-associated AAV6 vectors (exo-AAV6 or AAV6 vexosomes)
for their ability to deliver a suicide gene efficiently in an in vitro
hepatic cancer model (Huh7 cells), as well as its therapeutic potential
in the xenograft mice model of HCC.
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Figure 1. Characterization of Vexosomes Pelleted from AAV Vector-

Producing AAV293 Cell-Culture Media

(A) Transmission electron microscopy- The representative image shows the pres-

ence of vexosomes of varying size. Arrows show the vexosomal membrane. Scale

bar, 200 nm. (B) Immunoblotting- total cell proteins were harvested and resolved on

a 10% SDS-PAGE gel. Western blotting was performed to detect specific exosomal

marker proteins (CD9 and CD63) or AAV capsid proteins (VP1–3). The immune-

reactive bands were detected by chemiluminescence imaging. Representative

images from three biological replicates are shown.

Table 1. Comparison of Conventional and Vexosome-Associated AAV6

Vectors Isolated for This Study

Conventional AAV6 Vexo-AAV6

Source cell lysate conditioned media

Titer (vg/mL) 1.1 � 1012 4.9 � 1011

Isolation complex and time consuming simple and quick

Method of
isolation

iodixanol-gradient
ultracentrifugation/column
purification

ultracentrifugation

Composition highly pure AAV vector
Vexo-AAV/associated host
cellular proteins

Molecular Therapy: Methods & Clinical Development
RESULTS
Size Distribution and Marker-Based Assessment of Vexosomes

In the initial set of investigations, cell-culture media from AAV6-pro-
ducing AAV293 cells were subjected to ultracentrifugation, and a
morphological characterization of the vexosome pellet was performed
by transmission electron microscopy (TEM). Vexosomes isolated
using the classical ultracentrifugation method showed a size distribu-
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tion from 30 to 130 nm, with a median size of 50 nm (Figure 1A).
These data are within the accepted size range for exosomes
(<150 nm).21 Further quantification of the samples with an Exocet
Exosome Quantitation Kit (System Biosciences, Mountain View,
CA) for their exosomal yield showed that �5 � 107 vexosome parti-
cles were present per microliter of sample analyzed (data not shown).

We further characterized the vexosomes by immunoblotting for
specific marker proteins. CD9 and CD63 are a set of specific tetraspa-
nin markers that are enriched in exosomes.22 We observed that the
exosomal fractions were positive for CD9 as well as CD63 markers
(Figure 1B), as described earlier.17,23 Similarly, vexosomal lysates
also demonstrated the presence of AAV capsid proteins (viral capsid
protein [VP]1–3) (Figure 1B), highlighting the presence of AAV vec-
tors in the vexosomal isolates. However, further immunolabeling of
both the exosome membrane and AAV capsid and their detailed
biophysical analysis may be necessary to quantitate the vector parti-
cles within the exosomes.

Distribution of AAV6 Vectors in Cell Lysates and Culture Media

It has been previously shown that the amount of exosome released
into the supernatant media is serotype13,24 and time dependent.25,26

In order to determine the fraction of AAV6 vectors released into the
supernatant media, cells and spent culture media were harvested on
day 3, post-transfection (as described in Materials and Methods).
DNase-resistant vector genomes in both cells and medium were as-
sessed using the quantitative real-time PCR-based assay. Quantifica-
tion of the AAV genome titers (Table 1) revealed that the overall
yield of AAV vector harvested from the culture medium in this
experiment was 1.22 � 1011 vgs. The vector yield obtained from
vexosomes in culture medium was one-half of the yield to naked
AAV6 vectors isolated, as described previously.13,17 It is possible
that some of this loss could be attributed to the challenges associ-
ated with purification of vexosomes from a large volume of spent
media.

Vexosome (Vexo)-AAV6-iCasp9 Exhibits Enhanced Cytotoxicity

In Vitro

To study the in vitro transduction efficiency of AAV6 vectors har-
vested from two distinct sources, Vexo-AAV6 and conventional
AAV6 vectors were generated with the iCasp9 suicide gene. Huh7
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Figure 2. Vexosomes Are Cytotoxic to Hepatocellular Carcinoma, Huh7

Cells In Vitro

Huh7 cells were infected with either AAV6 or Vexo-AAV6-iCasp9 vectors, at a

multiplicity of infection (MOI) of 5 � 104 vgs/cell, followed by treatment with

AP20187. The viability of Huh7 cells treated with a combination of vector and di-

merizer drug, after 72 h of vector infection, was determined using an ATP assay

(Promega) and depicted in comparison to mock-treated cells. Triton X-100, positive

control; AP20187, drug-only control. Data are mean ± SD from two independent

experiments (n = 3 replicates each condition per experiment, **p < 0.01, ***p <

0.001 in comparison to mock-treated cells). ns, not significant.
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cells were infected with either Vexo-AAV6 or conventional AAV6
vectors at a MOI of 5 � 104, and their cytotoxic effect was measured
with an ATP based apoptosis assay. Our outcome data showed that
the cell viability in the case of Vexo-AAV6-iCasp9-treated cells was
substantially reduced to �57% when compared with mock-treated
cells (57% versus 100%, p < 0.001) (Figure 2). Conventional
AAV6-iCasp9 vectors also demonstrated similar cytotoxicity on
Huh7 cells (cell viability 63% versus 100% in mock group, p <
0.001). The functional equivalence seen between the naked and vex-
osomal vectors here has been previously reported for other sero-
types, such as AAV2.13

Vexo-AAV6 Vectors Mediate Significant Tumor Regression in a

HCC Xenotransplantation Model

To validate the therapeutic utility of Vexo-AAV vectors, we utilized a
xenotransplantation model of HCC, as described in Materials and
Methods. About 15 to 20 days after Huh7 cell transplantation, mice
developed tumor nodules. At this time point, we injected the tumor-
bearing mice with an equivalent vector dose (2 � 1010 vg) of AAV6-
iCasp9 or Vexo-AAV6-iCasp9 vectors. The control group of mice
received PBS injections. A day later, we administered the dimerizer
drug (AP20187, 1 mg/kg body weight) intraperitoneally, as described
earlier.27 The experimental animals were then followed up for
�10 days to limit the tumor burden in untreated mice, as described
earlier.28 Some animals in treatment group were also lost during
follow-up period, thus possibly requiring further dose-optimization.
We observed a significant regression pattern in the tumor volumes
of animals that were challenged with Vexo-AAV6-iCasp9- but not
Molecul
in the animals of themock-treated group (Figure 3). The rate of tumor
inhibition was �2.4-fold for the Vexo-AAV6-iCasp9 group on day 8,
whereas it was�2-fold for theAAV6-iCasp9-administered group. The
regression rate further increased to �2.35-fold in the case of AAV6-
iCasp9, whereas it was �2.3-fold for the Vexo-AAV6-iCasp9 group
by day 10 (Figure 3A). These data demonstrate that Vexo-AAV6 vec-
tors are therapeutic in a xenotransplantation model of HCC and
appear to be functionally equivalent to conventional AAV6 vectors
in terms of suicide gene transfer efficiency both in vitro and in vivo.

Administration of Vexo-AAV6 Enhances Apoptosis in the

Recipient Tumor Tissue

Tumor-bearing animals frommock or treated groups were humanely
euthanized at the end of the experiment, and the subcutaneous
tumors were harvested 10 days after gene transfer. For morphological
characterization in tissue sections, we performed hematoxylin and
eosin staining. Animals from the mock-administered group showed
a higher number of mitotically active, large proliferating cells (Fig-
ure 4). In the case of tissue sections obtained from the Vexo-
AAV6-iCasp9 vector-treated group, where a significant tumor regres-
sion was seen, a significant number of small, condensed apoptotic
cells with a pyknosis of their nuclei were observed (Figure 4).

In order to confirm these observations further, a terminal deoxynu-
cleotidyl transferase-mediated deoxyuridine 5-triphosphate (dUTP)
nick-end labeling (TUNEL) assay was performed.29–31 The tumor sec-
tions from the Vexo-AAV6-iCasp9- or standard AAV6-iCasp9-
treated group showed marked presence of proapoptotic cells (green
color) in comparison to sections prepared from the control animal
group (Figure 5A). A quantitative assessment of the extent of
DNAdamageby ImageJ analysis (Figure 5B) revealed a significant pro-
portion of TUNEL-positive cells in the case of the Vexo-AAV6-iCasp9
vector-administered group (175± 75) in comparison to either the con-
ventional AAV vector-administered (72 ± 35, p < 0.001) or the mock-
administered group (7± 4, p < 0.001). These data also highlight certain
differences in the proportion of TUNEL-positive cells observed here to
the phenotypic outcome (tumor volume) seen between Vexo-AAV6-
iCasp9- versus AAV6-iCasp9-treated groups (Figure 3). This could
possibly be due to a late burst in apoptosis in animals treated with
Vexo-AAV6 -iCasp9 vectors. Thus, a further long-term follow-up
(>10 days) may be required to assess the complete impact of suicide
gene transfer with AAV6 vexosomes.

DISCUSSION
Exosomes are small extracellular vesicles that are secreted from a
cell for communication32–34 and are known to maintain tissue ho-
meostasis.35,36 Exosomes are secreted out from the cell after the
fusion of multivesicular bodies (MVBs) to the cell membrane.37

Recently, exosomes have gained attention because of the diversity
of the cargo capacity they carry (mRNA, microRNA [miRNA], pro-
teins, DNA)38–40 and immune-evasion41 properties. Several DNA
and RNA viruses have been previously shown to be associated with
exosomes,42–44 suggesting a plausible evolutionary conserved mecha-
nism.45 Furthermore, the role of exosomes in gene delivery in
ar Therapy: Methods & Clinical Development Vol. 17 June 2020 499
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Figure 3. Vexo-AAV6-iCasp9 Vectors Inhibit Tumor Growth in a Huh7 Cell Xenograft Model

(A) HCC tumor-bearing mice were injected with PBS (Mock) intratumorally or with AAV6-iCasp9 or Vexo-associated AAV6-iCasp9 vectors (2 � 1010 vgs/animal). Animals

from both the AAV6-iCasp9 and Vexo-AAV6-iCasp9 group demonstrated significant tumor regression when compared tomock-injected animals (data aremean ±SD, n = 7–

10 per group, ***p < 0.001). (B and C) Representative images of animals (B) and their tumors after enucleation (C).
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general46 and with vexosomes harvested during AAV production has
been explored in different disease settings, such as in hemophilia,17

LCA,19 or neurological diseases.47 The efficacy AAV2- based vexo-
somes with enhanced transduction of the retinal cells upon intravi-
treal delivery has been known.19 Other studies that have employed
vexosomes derived from AAV serotypes, such as AAV1, -6, -7, -8,
or -9, have mostly analyzed the rate of formation and distribution
of vectors in the cell lysate and culture media.24,25 To the best of
our knowledge, this is the first study to demonstrate the therapeutic
potential of the Vexo-associated AAV serotype 6 vectors in a murine
model of HCC.

HCC is associated with profound mortality and/or morbidity, even
after conventional interventions, such as surgical resection or use of
tyrosine kinase inhibitors.48,49 We have recently developed a
AAV2-based, iCasp9-based suicide gene therapy as an alternative
approach to treat HCC.20 Due to the fact that frequency of high titer
neutralizing antibodies to AAV2 in the general population can be as
high as �70%,50 we wished to evaluate an alternate AAV6 serotype
for its potential in delivering the iCasp9 suicide gene. Interestingly,
the AAV6 serotype can efficiently target liver cells, including Huh7
cells.51,52 Furthermore, the feasibility and attractiveness of harvesting
vexosome-associated AAV6 vectors from spent media, which other-
wise are routinely discarded during vector production, motivated us
to test the utility of this system for therapeutic suicide gene therapy.
It must be highlighted that the vexosomes for our study were isolated
from routine packaging conditions of AAV generation without incor-
porating additional modifications, such as use of exosome-specific
media (2% bovine exosome-free fetal bovine serum [FBS]), as
described earlier.16 Our data demonstrate that AAV6 vexosomes
500 Molecular Therapy: Methods & Clinical Development Vol. 17 June 2
thus generated from routine AAV packaging had a significant
therapeutic efficacy when a combination of AAV6-iCasp9 suicide
gene-containing vexosomes and AP20187 was tested (Figure 3).
However, our data also showed that the efficacy of Vexo-associ-
ated-AAV6 was similar to that of AAV6 naked vectors. Previous
studies with AAV serotypes 1, 8, and 9, carrying a bi-bicistronic
expression cassette consisting of the human serum protein a1 anti-
trypsin (AAT) and green fluorescent protein (GFP), demonstrated
equivalent protein expression after administration of vector prepara-
tions from cell lysates and culture fluids for all three serotypes.25

These data highlight that the efficiency of vexosome-based gene ther-
apy can be disease and context specific. It further stands to reason that
the efficacy of the vexosomes generated will be dependent on the
source and type of packaging cells (human versus insect cells),53 phys-
ical parameters of vector packaging (media pH, composition, etc.),
AAV serotype employed,13 and size difference in the expression
cassettes packaged.26 All of these factors imply a recombinant vec-
tor-dependent processing mechanism that determines the AAV/vex-
osome distribution in media and lysate. Further detailed mechanistic
studies are required to understand their impact in generating AAV6
vexosomes.

In addition, previous reports with vexosomes derived from other
AAV serotypes, such as AAV8, have known to confer phenotypic
correction in hemophilia mice and an increased resistance to neutral-
izing anti-AAV antibodies.17 This is likely due to the fact that Vexo-
AAV vectors are naturally enveloped with exosomal membranes and
thus, possibly have a propensity to shield the viral vectors from
neutralizing antibodies. In the case of the AAV6 vexosomes, a similar
outcome may be expected in the setting of neutralizing antibody
020



Figure 4. Histological Analysis of Huh7 Xenograft

Tumor Tissue

Excised tumors were sectioned and stained with hema-

toxylin and eosin at the end of the experiment. Represen-

tative images are shown. A notable pyknosis (red arrow) and

apoptosis are seen with Vexo-AAV6-iCasp9 vector +

AP20187-administered animals (magnifications: top, 100�;

bottom, 400�).
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positivity, but further evaluation of this phenomenon is required in
suitable murine models in vivo.

In conclusion, we have demonstrated the utility of AAV6-based vex-
osomal vectors at considerably low doses (2 � 1010 vgs) for suicide
gene therapy of HCC. The attractiveness of our approach is deriving
these highly efficient Vexo-AAV6 vectors from media discarded
during routine AAV packaging. Apart from the ease of harvesting
these vexosomes, the overall protocol for vexosome isolation is
completed in �2.5 h, as described earlier,19 adding significantly to
the appeal of this mode of gene delivery. This approach can be also
potentially applicable for the treatment of other solid malignancies,
such as breast or head/neck cancer. However, concerted efforts are
needed to understand the safety and immunogenicity of vexosomes
in multiple settings and further standardize the methods to scale up
the production of vexosomes for clinical use.

MATERIALS AND METHODS
Cell Culture

Human AAV293 packaging cells were purchased from Stratagene
(San Diego, CA, USA) and the human hepatocellular carcinoma
(Huh7) cell line was a kind gift from Dr. Saumitra Das (Indian Insti-
tute of Science, Bangalore). The cells were cultured in Iscove’s modi-
fied Dulbecco’s medium (IMDM), supplemented with 10% fetal
bovine serum (Gibco, Carlsbad, CA, USA), ciprofloxacin (HiMedia
Laboratories, Mumbai, India), and piperacillin (MP Biomedicals,
Irvine, CA, USA) at 10 mg/mL in a humidified atmosphere, supple-
mented with 5% CO2 at 37�C.

Vector Preparation

Conventional AAV vectors were generated as described previ-
ously.10 Briefly, AAV293 cells, expanded in 15 cm2 dishes (n =
40), were cotransfected using polyethylenimine (PEI; Polysciences,
Warrington, PA, USA) with an equimolar concentration of plasmids
carrying the rep/cap plasmid (p.AAVR2/C6), an inducible caspase 9
transgene (p.AAV-CBa-iCasp9)20 and adenoviral helper plasmids
(p.Helper). Transfected cultures were maintained in IMDM, supple-
mented with 10% FBS. About 68 h after transfection, cells were
collected by centrifuging the suspension at 1,000 g for 5 min. After
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three freeze-thaw cycles (–80�C, 37�C), AAV
particles were purified from the cell lysates by io-
dixanol gradient centrifugation. The gradient
fraction containing AAV vectors was further pu-
rified by column chromatography (HiTrap Q
column; GE Healthcare Life Sciences, Chicago, IL, USA). Purified
vectors were finally concentrated using Amicon Ultra-15 centrifugal
filtration devices (Millipore, Bedford, MA, USA). The supernatant
culture medium from the same 40, 15 cm plates (800 mL), 68 h
post-transfection, was pooled. This conditioned medium fraction
was transferred into 50 mL tubes and stored at�80�C for vexosome
isolation.

Vexosome Isolation

Vexosomes were collected from the conditioned media (800 mL) of
AAV293 cells cultured for 68 h. The vexosomes were purified by dif-
ferential centrifugation of the conditioned media, as described previ-
ously.13,25 The supernatant media were first centrifuged at 800 g for
10 min to sediment the cells and centrifuged at 20,000 g for 1 h (Op-
tima L-100K Ultra Centrifuge; Beckman Coulter, Brea, CA, USA) to
remove the cellular debris. Vexosomes were separated from the su-
pernatant by further centrifugation at 100,000 g for 1.5 h. The pellet
was then resuspended in 100 mL of PBS (vexosome fraction).

Quantitative Polymerase Chain Reaction

The AAV genome titers in both the standard AAV6 and vexosome
preparation were measured by a quantitative real-time PCR, as
described earlier.54 Samples were treated with DNase before quantita-
tive real-time PCR in order to eliminate nonencapsidated DNA. The
primers were targeted to the polyadenylation (PolyA) signal in the en-
capsidated genome, and the quantitative real-time PCR performed on
a CFX96 real-time PCR instrument (Bio-Rad, Hercules, CA, USA) us-
ing SYBR Green (Promega, Madison, WI, USA). The titers were
generated from two replicate analyses and are represented as vgs
per milliliter.

Transmission Electron Microscopy

To characterize the vexosomes, �10 mL of either neat or diluted (1:2)
vexosomes was adsorbed onto TEM copper grids (Ted Pella, Redding,
CA, USA), stained (2% uranyl acetate). The TEM images were ac-
quired in a transmission electron microscope (FEI Technai G2, Hills-
boro, OR, USA). About 10–20 images of vexosomes from each grid
were acquired and further quantified using ImageJ analysis (National
Institutes of Health, Bethesda, MD, USA).
& Clinical Development Vol. 17 June 2020 501
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Figure 5. TUNEL Staining in Huh7 Xenograft Tumor Tissue

(A) Representative images showing massive apoptosis within the tumors harvested from the Vexo-AAV6-treated group as compared to the mock group (magnification,

200�). Nuclei stained with the TUNEL assay are green. Sections were counterstained with DAPI. (B) Data from (A) (9 sections per condition) were quantified by ImageJ

analysis and expressed as mean ± SD (*p < 0.05, ***p < 0.001).
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Immunoblotting

The vexosome pellet containing AAV vectors was isolated, as
described above, and their protein fraction isolated by using radioim-
munoprecipitation assay (RIPA) buffer (Pierce, Thermo Fisher Scien-
tific, Waltham, MA, USA). The protein concentration in the isolated
samples was determined by the bicinchoninic acid (BCA) assay
(Thermo Fisher Scientific), as per the manufacturer’s instructions.
Subsequently, an equal amount of vexosomal protein (25–60 mg)
was denatured with a 4� denaturation buffer (Bio-Rad) at 95�C for
10 min. The denatured samples were then separated in a 10% SDS-
polyacrylamide gel by electrophoresis. The resolved proteins were
transferred onto a polyvinylidene fluoride (PVDF) membrane and
further blocked in 2% skimmedmilk to minimize nonspecific binding
of antibodies. Immunoblotting was performed using anti-human
CD9 antibody (Santa Cruz Biotechnology, Dallas, TX, USA), anti-hu-
man CD63 antibody (Abcam, Cambridge, MA, USA), or AAV
capsid-specific anti-AAV(B1) antibody (Fitzgerald, North Acton,
MA, USA). The chemiluminescent signals were developed using the
West PicoPlus enhanced chemiluminescence (ECL) substrate kit
(Thermo Fisher Scientific) and captured using a ChemiDoc Imager
(ECL; Thermo Fisher Scientific).

AAV6 Vexosome-Mediated Cytotoxicity Assays In Vitro

About �1.5 � 104 Huh7 cells per well in a 48-well plate were either
mock (PBS) infected or infected (MOI: 5 � 104 vgs/cell) with
AAV6-iCasp9 vectors or AAV6-iCasp9 vexosomes. 24 h postinfec-
tion, transfected cells were treated with AP20187 (10 nm; Ariad Phar-
maceuticals, Cambridge, MA, USA). 2 days later, we measured
the cell viability by an ATP assay, per the commercial protocol
(CellTiter-Glo; Promega) and as previously reported.20
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AAV6 Vexosome-Mediated Suicide Gene Delivery In Vivo

Our animal studies utilized athymic nude mice (8–10 weeks old)
from a BALB/c genetic background (National Institute of Nutrition,
Hyderabad, India). The animal use and experimentation were
approved by the Institutional Animal Ethics Committee (IIT-
Kanpur, India). For xenotransplantation, we subcutaneously
administered �5 million Huh7 cells in a mixture of 25% Matrigel
(Sigma-Aldrich, St. Louis, MO, USA) in 200 mL vol. When the
animals developed palpable tumors (150–200 mm3 size), they were
randomized into three groups: mock, AAV6-iCasp9, and vexosomal
fraction (Vexo-AAV6-iCasp9). Animals from the treatment group
received �2 � 1010 vgs of each of the vectors intratumorally.
Subsequently, vector-injected animals were administered with
AP20187 thrice and 2 days apart from each dose of 1 mg/kg body
weight, as described earlier.20 The animals (n = 7-10 per group)
were continuously evaluated and the tumor volumes calculated
(0.5� L [largest diameter]�W2 [shortest diameter in millimeters]),
as described previously.55 At the end of experiment, animals were
euthanized humanely and the tumor samples harvested, as previ-
ously described.20

Histology and In Situ TUNEL Assays

Tumors from each group were harvested, washed briefly with
PBS, fixed, and cryosectioned (6 mm). The sections (n = 3 per animal;
3 animals per group) were then stained with hematoxylin and eosin.
We also performed an in situ TUNEL, and counterstaining with 40,
6-diamidino-2-phenylindole (DAPI; Thermo Fisher Scientific) was
performed to detect apoptotic cells, according to the manufacturer’s
protocol (Invitrogen). Images were captured in a Leica DM5000B
microscope (Leica Microsystems, Wetzlar, Germany).
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Statistical Analysis

All values are expressed as mean ± standard deviation (SD). Statistical
analysis was performed using analysis of variance (ANOVA) tests us-
ing GraphPad Prism 7.0 software (GraphPad Software, La Jolla, CA).
A p value of <0.05 between the control and test groups was considered
to be statistically significant.
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