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Assessment of Residual Full-Length SV40 Large T Antigen in Clinical-
Grade Adeno-Associated Virus Vectors Produced in 293T Cells

Bishnu P. De, Sara Cram, Hyunmi Lee, Jonathan B. Rosenberg, Dolan Sondhi,
Ronald G. Crystal, and Stephen M. Kaminsky™

Department of Genetic Medicine, Weill Cornell Medicine, New York, New York, USA.

Efficient production of adeno-associated virus (AAV) vectors is a significant challenge. Human embryonic kidney HEK293T
cells are widely used in good manufacturing practice facilities, producing higher yield of AAV vectors for clinical applications
than HEK293 through the addition of a constitutive expression of SV40 large T antigen (SV40T), which stimulates Rep
expression. However, the theoretical potential for tumorigenic consequences of a clinical AAV product containing residual DNA
encoding SV40T, which may inhibit p53 growth suppressive functions is a safety concern. Although the risk is theoretical, to
assure a low risk/high confidence of safety for clinical drug development, we have established a sensitive assay for assessment of
functional full-length transcription competent SV40T DNA in HEK293T cell-produced AAV vectors. Using HEK293T gen-
erated 8, 9, and rh.10 serotype AAV vectors, the presence of SV40T in purified vector was assessed in vitro using quantitative
polymerase chain reaction (qQPCR) targeting a 129 bp amplicon combined with nested PCR targeting full-length SV40T DNA.
Although low levels of the smaller amplicon were present in each AAV serotype, the full-length SV40T was undetectable. No
transcription competent full-length SV40T DNA was observed by reverse transcription-quantitative polymerase chain reaction
using an in vivo amplification of signal in mouse liver administered (2—10 x 10'° gc) 129 bp amplicon-positive AAV vectors. As a
control for gene transfer, high levels of expressed transgene mRNAs were observed from each serotype AAV vector, yet,
SV40T mRNA was undetectable. In vivo assessment of these three liver-tropic AAV serotypes, each with amplicon-positive
gPCR SV40T DNA, demonstrated high transgene mRNA expression but no SV40T mRNA, that is, detection of small segments
of SV40T DNA in 293T cell produced AAV inappropriately leads to the conclusion of residuals with the potential to express
SVA40T. This sensitive assay can be used to assess the level, if any, of SV40T antigen contaminating AAV vectors generated by
HEK293T cells. ClinicalTrials.gov identifier: NCT03634007; NCT05302271; NCT01414985; NCT01161576.
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INTRODUCTION

ADENO-ASSOCIATED VIRUS (AAV) is one of the most com-
monly used gene transfer vectors used in gene therapy.'™
Based on the encouraging therapeutic efficacy and safety
profile in clinical trials, several AAV vectors have pro-
gressed to commercialization. One of the commonly used,
scalable, good manufacturing practice (GMP) AAV vector
production systems involves plasmid transfection mediated
production in human embryonic kidney HEK293 or

HEK293T cells.>'° The difference in the two cell lines is
that while HEK293 and HEK293T cells are transformed to
express adenovirus E1A and E1B genes, the HEK293T cells
also include the SV40 large T antigen (SV40T). Large T
antigen provides enhanced helper function for AAV pro-
duction by stimulating Rep expression.'' For AAV pro-
duction, compared to HEK293 cells, HEK293T packaging
cells grow faster and yield 5-11 times more AAV resulting
in significant reduction in the cost of vector production.'?
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Despite these advantages, regulatory agencies have
expressed concern for the contamination in AAV prepa-
rations of the sequence for the SV40T in HEK293T cells
based on a theoretical safety concern with respect to
SV40T-induced tumorigenesis.m’15 In the production of
AAV vectors, DNase treatment digests nonencapsidated
residual host cell DNA from the product, however, en-
capsidated host cell DNA is protected from digestion by
the AAYV capsid, which is indistinguishable from the de-
sired AAV product and therefore can persist through pu-
rification to be present in the final product.'®!” As a result,
it is possible that there is SV40T DNA in the AAV drug,
inseparable from the transgene encapsidated AAV. De-
spite numerous studies finding no evidence for this
SV40T-induced tumorigenicity in humans,'®2? it is in-
cumbent on the sponsor of an AAV gene therapeutic to
demonstrate robust safety before clinical trial.

To address the issue of possible SV40T antigen DNA in
AAV vectors generated by HEK293T cells, we have
generated a highly sensitive method to quantify SV40T in
final GMP AAYV products produced in HEK293T cells. We
assessed the presence of full-length transcription-
competent SV40T DNA in 293T cell-produced AAV
vectors using AAVrh.10, AAV9, and AAVS vectors en-
coding various transgenes. The presence of SV40T in
purified vector was assessed by directly analyzing the
purified AAV vector by quantitative polymerase chain
reaction (qPCR) targeting the entire SV40T sequence,
amplified by nested PCR (nPCR). As a further measure of
transcription competent full-length SV40T in AAV prep-
arations, we assessed each of the AAV vectors for SV40T
mRNA expression in liver in mice following high-dose
intravenous administration.

METHODS
AAV vectors

The AAYV vector DNA consists, from 5 to 3/, the AAV?2
5" inverted terminal repeat (ITR) containing the packaging
signal, which directs the encapsidation of the recombinant
AAV genome, CAG promoter consisting of CMV en-
hancer, chicken f-actin promoter and splice donor and
rabbit f-globin intron with splice acceptor, the transgene
cDNA, rabbit f-globin polyA signal, and the AAV2 3’
ITR. The transgene expression cassettes were packaged
into AAVrh.10, AAV9, or AAVS8 capsids.

The AAVrh.10 vectors were produced as described
previously.? In brief, the expression plasmids pAAVm-
Cherry encoding mCherry cDNA or pAAVhFXN encod-
ing human frataxin or pAAVhGalc encoding human
galactosylceramidase (600 pg) and the AAVrh.10 capsid-
AdS5 helper hybrid plasmid pPAKMArh.10 (1.2 mg) were
cotransfected into 40x 15 cm dishes of HEK293T cells
containing an integrated copy of the adenovirus E1 gene
using polyethyleneimine (PEI) transfection reagent

(Polysciences, Warrington, PA, USA). The AAV9m-
Cherry vector was produced by cotransfection of
HEK?293T cells with pAAVmCherry encoding mCherry
cDNA (600 ng), AAV9 packaging plasmid (600 ug) and
Ad helper plasmid AF6 (1.2 mg) using PEI transfection
reagent. The AAVS8hAAT-AVL vector was produced by
cotransfection of HEK293T cells with pAAVAAT-AVL
encoding oxidation-resistant human «l-antitrypsin cDNA
(55 ug),** AAVS capsid plasmid (550 ug) and Ad5 helper
plasmid AF6 (1.1 mg) using PEI transfection reagent.

At 72h post-transfection, cells were harvested and
crude viral lysate (CVL) prepared by 5 X freeze/thaw cy-
cles followed by centrifugation at 3,000 g at 4°C for
20 min and the supernatant was collected and treated with
benzonase (100 U/mL). The AAVrh.10 vectors were then
purified from the supernatant by 15-54% discontinuous
iodixanol gradient centrifugation and high performance
anion exchange column (QHP) chromatography at pH 9.0
(GE Healthcare, Piscataway, NJ, USA). The AAV9 vector
was purified from the CVL by the same iodixanol gradient
centrifugation and QHP anion exchange column chroma-
tography at pH 7.5.>* The AAVS8 vector was purified from
the CVL by iodixanol gradient centrifugation and vector
band was collected as pure vector without the ion ex-
change chromatography.®® All purified vectors were con-
centrated using BioMax 100K membrane concentrators
(Millipore, Billerica, MA, USA) and stored in phosphate-
buffered saline, pH 7.4 at —80°C.

Vector genome titers of all AAV serotype vectors were
determined by TagMan real-time PCR (qPCR) using a
CMV-chicken B-actin promoter (CAG)-specific primer—
probe set (forward primer: 5-GTCAATGGGTGGAG
TATTTACGG-3’, reverse primer: 5-AGGTCATGTA
CTGGGCATAATGC-3" and probe: FAM-CAAGTGTA
TCATATGCCAAGTACGCCCCC-TAMRA), designed
using Primer Express software (Applied Biosystems,
Foster City, CA, USA). Purified vectors were digested
with proteinase K in the presence of 0.5% sodium dodecyl
sulfate (SDS) and 25mM ethylenediaminetetraacetate
(EDTA) at 55°C for 1h followed by inactivation of the
protease at 95°C for 15 min. The DNA released in the
digest was then used as a template for gPCR using pAAV-
CAG-hCLN2 plasmid DNA encoding human CLN2
cDNA under the CAG promoter as reference standard.

In vitro assessment of SV40T DNA in purified
AAYV vectors

SV40T amplicon by qPCR. AAV vectors
(1.9%10" to 1.8 x 10" gc) were treated with proteinase K
in presence of 0.5% SDS and 25 mM EDTA at 55°C, 1h
followed by 95°C, 15min. The vector-associated DNA
was purified by phenol:chloroform:isoamyl alcohol
(24:1:1) extraction and isopropanol (75%) precipitation.
The precipitated DNA pellet was washed twice with 70%
ethanol, resuspended in water, and stored at —20°C. Vector



ASSESSMENT OF SV40T DNA IN AAV VECTORS 699

genomic DNA was isolated from the purified AAV vectors
and quantified by qPCR using CAG-specific primers and
probe. The SV40T DNA was then assessed by qPCR using
the forward primer 5-ATGCTCATCAACCTGACTT
TGGA-3’, reverse primer 5-GGCCATTGTTGCAGTA
CATTG-3’, and probe FAM-TCTGGATGCAACTGA-
NFQ. A standard curve was generated with SV40T cDNA
plasmid spanning the range of 10'~10® copies.

Full-length SV40T DNA by nPCR. The DNA
isolated from purified AAV was first PCR amplified
using 5’-terminal forward primer 5-ATGGATAAAG
TTTTAAACAGAGAGGAATCTTTGCAGC-3’ and 3'-
terminal reverse primer 5-TTATGTTTCAGGTTCAGG
GGGAGGTGTGGGAGG-3" under the following condi-
tions: 94°C for 5 min, 35 cycles at 94°C for 30 s—55°C for
30s—68°C for 150s, followed by 68°C for 7min and
finally held at 4°C. The full-length SV40T-specific PCR
product was then further amplified by second PCR with
internal forward primer 5-ATGGAACTGATGAAT
GGGAGCAGTGGTGGAATGCC-3’ and internal reverse
primer 5’-TGGCCTGCAGTGTTTTAGGCACACTG
TACTCATTCATG-3" under the following conditions:
94°C for 5min, 25 cycles at 94°C for 30s—55°C for
30s—68°C for 90 s, followed by 68°C for 7 min and finally
held at 4°C. The PCR products were analyzed by 1% aga-
rose gel electrophoresis and ethidium bromide staining.

Vector administration and preparation
of liver homogenates

AAYV vectors were administered in 100 uL total volume in
phosphate-buffered saline (PBS) to 6-8 week old C57Bl/6
male mice (n=4 or 5) via intravenous route (tail vein). At
2 days postadministration, mice were euthanized by CO,
asphyxiation and immediately perfused by cardiac adminis-
tration of 40 mL cold PBS, then livers were harvested. The
livers were homogenized as previously described.? In brief,
whole liver was homogenized in 1.5 mL lysis buffer (10 mM
HEPES-KOH, pH 7.4, 5 mM mannitol, and 1% Triton X-100
in water) using Tissue Lyser LT (Qiagen, Valencia, CA,
USA) for 2x 10 min at oscillation of 50/s. The homogenate
was centrifuged at 10,000 g for 5 min and supernatant was
collected and stored in 200 uL aliquots at —80°C.

Murine liver DNA and RNA isolation

Genomic DNA was isolated from AAV vector-
administered mice liver homogenate using a DNeasy kit
(Qiagen). In brief, 200 uL liver homogenate was incubated
with 20 uL proteinase K and 4 uL. RNase A (100 mg/mL)
at 23°C for 2 min followed by incubation in buffer at 56°C
for 10 min. The digest was mixed with ethanol and was
loaded onto a DNeasy column. The column was centri-
fuged at 6,000 g for 30 s at room temperature, was washed
with buffer AW1 followed by AW?2 and finally DNA was
eluted in 100 uL elution buffer.

Total RNA was isolated from AAV vector-administered
mice liver homogenate using RNeasy kit according to the
manufacturer’s protocol (Qiagen). In brief, liver homog-
enate (200 uL) was mixed with 400 uL. RLT buffer [from
test kit] followed by 600 pL. 70% ethanol and loaded onto a
RNeasy column. The column was centrifuged at 8,000 g
for 15 s and washed with buffer RW1 (from test kit). Then
25U of RNase-free DNase I in RDD buffer (from test kit)
was added to the column and incubated at room temper-
ature for 15min. The column was washed with buffer
RW!1 followed by buffer RPE and finally RNA was eluted
with 35 uL. of RNase free water. The RNA was quantified
by absorbance at 260 nm using Nanodrop spectropho-
tometer (Thermo Scientific, Waltham, MA, USA) and
stored at —80°C.

A preparation of RNA using the identical process was
subjected to RIN analysis and resulted in good quality
outcome with an average 8.5 and standard deviation of 0.7
providing qualification of the method.

Assessment of vector genome and transgene
mRNA levels in liver

AAV vector genome level in liver homogenate was
assessed by qPCR using CMV-specific primers and
probe. The transgene mRNAs were assessed by reverse
transcription-quantitative polymerase chain reaction
(RT-gPCR) using transgene-specific primers and probes. To
synthesize cDNA, reverse transcription of total RNA was
carried out following the procedure as described previ-
ously.?® The mCherry cDNA level was assessed using the
forward primer 5-CACCTACAAGGCCAAGAAGC-3’,
reverse primer 5-TGTCCAGCTTGATGTTGACG-3" and
probe FAM-CAGCTGCCCGGCGCCTACAA-NFQ. The
hFXN cDNA was assessed using the primers and probes as
described previously.?® Galc cDNA was assessed using
human GalC-specific primers and probe (Thermo Fisher
Scientific). hAAT-AVL was assessed using forward pri-
mer 5-CCCGCCTGAGGTGAAGTT-3’, reverse primer
5’-GGTGACTTCGTATTCTGTTCGATCA-3’ and probe
FAM-CACGAACGGCTTATTG-NFQ. Transgene mRNA
specific RT-qPCR reactions used corresponding cDNA
encoding plasmids as reference standards.

SV40T mRNA levels in liver

The SV40T mRNA level in AAV vector-administered
liver homogenate was assessed by RT-qPCR. Total cDNA
was synthesized by reverse transcription (Thermo Scien-
tific, Somerset, NJ, USA) using 1 ug total RNA and the
cDNA (200 ng) was used for qPCR using SV40T-specific
primers and probe. The cDNA synthesized from naive
mice liver served as the negative control. A plasmid
containing SV40T cDNA was used as reference standard.
The SV40T cDNA detection limit of the gPCR was de-
termined by spiking known amounts of SV40T cDNA into
naive liver cDNA (200 ng).
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RESULTS
Presence of SV40T DNA in purified AAV
vectors

To assess residual SV40T DNA in AAYV vectors, five
vectors were produced in HEK293T cells, AAVrh.10m-
Cherry, AAVrh.10FXN, AAVrh.10GALC, AAV9m-
Cherry, and AAVSAAT-AVL. The vectors were purified
as described in Methods section. The purity for each was
evaluated by SDS-polyacrylamide gel electrophoresis and
Coomassie blue staining. Three capsid proteins, VPI,
VP2, and VP3, and no cellular proteins were seen indicating
high purity of all vectors. The total DNA isolated from at least
10" gc purified vector was followed by qPCR analysis with
SV40T-specific primers and probe encompassing a 129 bp
amplicon, which targeted 1,629-1,758 bp of the 2,473 bp full
length SV40T cDNA. In vitro assessment of these vectors
using a standard assay of a small target sequence by gPCR
showed the levels 3.2, 7.9, 8.7, 77.4, and 342.7 copies of
SV40T DNA in 10'© AAV for AAVrh.10mCherry,
AAVTh10FXN, AAVrh.10Gale, AAV9mCherry, and
AAVBAAT-AVL, respectively (Table 1).

Full-length SV40T DNA undetectable
in purified AAV vectors

nPCR provided a quantitative measure of transcription
competent full length SV40T DNA in total DNA isolated
from the purified AAV vectors. Purified vector DNA
(1.8x 10" genome copies) was PCR amplified using 3’
terminal forward and 5’ terminal reverse primers. For
quantification, PCR amplified full length SV40T DNA
products from 10" to 107 copies were used as reference
standards in gel electrophoretic analysis. For each AAV
vector, no full-length SV40T DNA was detected with the
assay limit of detection of 100 copies in SV40T cDNA
(Fig. 1 and Table 1).

To increase the sensitivity of the assay, the PCR
product obtained from the vector DNA was further am-
plified by nPCR using SV40T DNA-specific internal for-
ward and reverse primers. In parallel, the full-length PCR
products from SV40T DNA of 10'-10* copies were am-
plified by nPCR. No SV40T DNA nPCR product was
observed from the DNA of any AAV sample in an assay
with a sensitivity of 10 copies of SV40T DNA (Fig. 1 and
Table 1).

DNA from hepatotropic AAV vectors
produced in 293T cells does not express
SV40T mRNA in vivo

Transcription of AAV-derived DNA to mRNA in the
mouse liver provides signal amplification of full-length
functional DNA genes; assaying for SV40T mRNA pro-
vides a sensitive indicator for the presence of functional
SV40T DNA. A high dose of AAV vectors (5x 10'? ge-
nome copies/kg) was administered intravenously for each
vector to mice and delivery of each was confirmed via the

Table 1. SV40T DNA in different liver-tropic adeno-associated virus serotype vectors

In Vivo

In Vitro

SV40T mANA Copies/

Transgene mRNA
Copies/200 ng (Rangef

Vector DNA Copies/

Vector Dose
(ge/kg)®

SV40T Full Length/10'
AAV Genome Range®

SV40T Amplicon/10"°
AAV Genome (Range)®

Vector DNA
Analyzed (gc)®

200 ng (Rangef

ng (Range)®

200

Vector (kb)

38.1 (29.8-48.6), p>0.4
145.3 (98.2-214.9), p>0.7

70.4 (43.9-112.9), p>0.4

ub
29.9 (3.9-229.4), p>0.4

ub
ub

2.5-3.9)

ub
ub

7.6-9.8)

65.2-89.5)

upb

247.3-438.1)

AAVrh.10mCherry (3.2)
AAVrh.10hFXN (3.0)
AAVrh.10Galc (4.2)

AAVImCherry (3.2)

AAVBAAT-AVL (3.7)

33V40T DNA was assessed in AAV vectors using 1.9x10"-1.8x 10" genome copies by qPCR; the SV40T DNA was expressed as copies/10'® AAV genome?.

PSV40T DNA amplicon assessed by qPCR! producing 129 bp spanning 1,629-1,758 bp of the SV40T DNA

€SV40T DNA full length copies were assessed by nPCR.

4/5) via the intravenous route.

dAAV vectors (5% 10'% ge/kg) were administered to C57BL/6 male mice (n

Transgene mRNA copies in liver were assessed by RT-qPCR using mRNA-specific primers-probe and 200 ng total RNA/assay.

®AAV vector DNA in liver was assessed by qPCR using 200 ng total DNA/assay.

19) level 90.3 (28.5-286.6).

9SV40T mRNA copies in liver were assessed by RT-qPCR using SV40T-specific primers-probe and 200 ng total RNA/assay p values compared to naive (n

AAV, adeno-associated virus; nPCR, nested PCR; qPCR, quantitative PCR; RT-gPCR, reverse transcription-qPCR; UD, undetected (limit of detection 10 copies).
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Figure 1. Assessment of full-length SV40T DNA in AAVrh.10 vector by nPCR. The DNA (1.8x 10" gc) isolated from purified AAVrh.10mCherry was used in the
SV40T-specific PCR. (A) Schematic of PCR primers annealing positions on the SV40T cDNA. (B) First PCR using SV40T DNA terminal primers. Following PCR,
the DNA was resolved in 1% Agarose gel and stained with EtBr. PCR products from 10" to 107 copies SV40T DNA was used as standard. (C) Second PCR using
SV40T internal primers. The DNA product of the first PCR was further amplified by nPCR using SV40T internal primers. The DNA from first PCR of 10" and 102
copies SV40T DNA were used as standard. The PCR products were resolved in 1% agarose gel and stained with EtBr. EtBr, ethidium bromide; nPCR, nested

PCR.

detection of high levels of vector genomic DNA (de-
pending on AAV serotype and transgene ranged from
3.9%x10* to 2.5x10° copies/200 ng total DNA) observed
in the liver 2 days postvector administration (Table 1).
High levels of the delivered AAV vector-expressed
transgene in the liver were found by RT-qPCR (transgene
mRNA levels were 1.3x10° to 4.1x10° copies/200ng
total RNA, Table 1).

Finally, we assessed liver-amplified SV40T mRNA
from potentially present transcription competent full-
length SV40T DNA impurity in each AAV vector. To
identify the sensitivity of the method, SV40T cDNA was
spiked at increasing amounts into naive liver total cDNA
and subsequent RT-qPCR analysis indicated the limit of
detection was 100 copies (Fig. 2). SV40T mRNA ex-
pression in each of the AAV-administered mice liver was
assayed by RT-qPCR using SV40T-specific primers for
the 129 nt amplicon. For context, the level of SV40T
mRNA copies in naive mouse liver was similarly as-
sessed (n=19) and levels averaged 90.3 (range 28.5—
286.6). No significant differences were found between
SV40T mRNA levels between any of the AAV vectors
administered (n=4/5) and naive mice (n=19, p>04,
Table 1).

Therefore, despite the apparent measured quantity by
gPCR of a small target sequence for the SV40T in pack-

107 7
o 10 ®
o2
a
S 1051
®
8 1041 @
3
2
103 1
-
| @ ____Limitof detection 102 ___
E | -
<
> 10"
7]
100 T T T T T T
0 107 102 10°% 104 10° 108
Naive cDNA: + + + + +
(200 ng)

SV40T cDNA spiked (copies)

Figure 2. Determination of the limit of detection in assessment of SV40T
mRNA expression following intravenous administration of an AAVrh.10
vector. AAVrh.10mCherry (10" gc) was administered to 6-8-week old
C57BL/6 male mice (n=4) via tail vein. After 2 days, SVA0T mRNA expression
was assessed by measuring the mRNA level in liver. For comparison, SV40T
cDNA was spiked into naive liver cDNA. To determine the limit of detection,
naive liver cDNA (200 ng) was spiked with 10" to 10° copies of SV40T cDNA
and the spiked cDNA was quantified by qPCR using SV4QT primers-probe.
Technical replicates are shown in red and blue symbols.
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aged AAV vectors, no measurable productive transcrip-
tion of SV40 Large T antigen mRNA is observed even
after in vivo signal amplification.

DISCUSSION

AAV vectors are being widely used for therapeutic
gene delivery and there is an increased demand for high-
yield vector production. In this regard, the HEK293T cell
line has the advantage of producing higher yield AAV
vectors with lower costs due to the rapid rate of cell
growth.?” All production methods require assessment of
residual impurities and since HEK293T cells have the
SV40T sequence in the cell genome, there is the theoret-
ical concern for the tumorigenic potential of residual SV40
large T antigen DNA (SV40T). Despite significant evi-
dence for the lack of such SV40T untoward effects, in-
cluding studies of recipients of the SV40-contaminated
early polio vaccine administered to millions,*® this con-
cern requires additional data to minimize perceived risk.

In this study, we have developed a sensitive method
using in vitro and in vivo assessments of SV40T DNA in
purified AAV vectors produced in HEK293T cells with
multiple AAV serotypes and transgenes. Although standard
methods to assay residual SV40T DNA use qPCR analysis
targeting a short DNA segment was positive for this con-
taminant in purified AAV vectors, full length copies were
not detected by using nPCR with a sensitivity of 10 copies.
Finally, as a measure of transcription competent full-length
SV40T DNA, we assessed mRNA expression by amplify-
ing the signal in the target organ liver of mice following
intravenous administration of each of five AAV vectors.
The qPCR and RT-qPCR analyses of the liver homogenate
demonstrated high levels of both vector DNA and transgene
mRNA expression confirming transduction and transgene
expression. In contrast, SV40T-specific RT-qPCR showed
no SV40T mRNA expression.

Thus, despite the presence of small segments of SV40T
DNA typically used to evaluate residual contaminants in a
purified AAV preparation, there was no measurable full
length SV40T DNA nor SV40T mRNA in an in vivo assay
designed to maximize signal using liver for amplification.

AAV vectors produced in HEK293T cells require, as in
all production methods, rigorous downstream purification
and quality control to reduce DNA impurities. But these
steps can only remove impurities external to the en-
capsidated AAV payload.”*' DNA within the AAV
particle are DNase resistant and impossible to remove,
degrade or isolate from the desired AAV product.”***
Recombinant AAV vectors have been shown to nonspe-
cifically package plasmid-derived rep/cap DNA and
packaging cell-derived adenovirus sequences.®** In this
regard, there has been concern for AAV vectors produced
in HEK293T cell system to package SV40T DNA.® These
packaged DNAs present perceived or theoretical safety

concerns in the context that other studies have shown se-
quences derived from the rep-cap plasmid to be present at
a level of 0.02—-1% of vector genome.

While the packaged nontransgene DNA has been shown
to be heterogeneous in size, a functional outcome has been
the exception. One example is the incorporation of tran-
scriptionally active AAV cap DNA in AAV2, 7, and 8
vectors at levels ranging from 0.4% to 1%,”°° with a
possible outcome of induced cytotoxic T lymphocyte-
mediated lysis of cells expressing these capsid proteins.***’
But considering that moles of plasmid used in production is
typically 100-fold greater than the number of packaging
host cell genomes suggests that incorporation of a particular
host cell genome DNA into the AAV is much less likely
than the DNA from the plasmids used in production.

Further, the likelihood of the delivery of any unin-
tended functional DNA is linked to the dose of vector
administered, suggesting that studies with very large
dosing regimens should have higher stringency for limits
of residual non-transgene DNA. This should include
packaging of adenovirus E1 DNA from HEK?293 as well as
HEK?293T cells into the AAV vectors, for which several
studies have raised a safety concern.'>® Packaging of
these adenovirus DNA sequences in HEK293 cell-
produced AAV vector was investigated using next-
generation single-stranded virus sequencing method and
no detectable level of DNA was found in purified vector.'®
In summary, we have developed a sensitive assay method
using a combination of in vitro and in vivo assays of
HEK293T-produced AAV vectors, irrespective of sero-
type, with qPCR detectable levels of SV40T DNA that
demonstrate no measurable SV40 large T antigen mRNA,
providing support for the safe clinical use of these vectors.
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