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(57) Abstract: The present disclosure describes nucleic acids, and viruses comprising such nucleic acids, for growing a toxic gene in
an insect cell. These nucleic acids comprise a sequence encoding a toxic polypeptide, and an intron that interrupts the sequence,
whereby the intron is spliced in mammalian cells but not in insect cells. Infection of mammalian cells but not insect cells with the
nucleic acids or viruses can lead to expression of toxic levels of the toxic polypeptide in mammalian cells but not in insect cells. Vir-
uses, such as an AAV or a baculovirus comprising a nucleic acid can be grown in insect cell lines in vitro and can be administered to
a subject in need of therapy, such as a subject in need of cancer therapy.



WO 2013/085624 PCT/US2012/060441

VECTORS HARBORING TOXIC GENES, METHODS AND USES THEREFOR
Related Applications

This application claims priovity o US Provisional Patent Application: 61/568,595 filed 68
December 2011 and US Provisional Patent Application 6 /618,689 filed 31 March 2012, These
applications are meorporated by referance, each in #s antirety.

Incorporation by Reference of Sequence Listing

The Sequence Listing, which is a part of the present disclosure, includes a computer
readable form and a written sequence histing comprising nucleotide andfor anuno acid
sequences. The sequence listing information recorded in computer readabde form i identical to
the written sequence listing. The subject matter of the Sequence Lisling is incorporated herein
by reference mn its entivety.

Introduction

The present discloswre 15 m the field of virology, and, more particularly, i the field of
nucleic gcid vectors that can be grown in insect cells and used for teatment of mammahian
diseases such as cancer.

Toxic genes and protens encoded by such genes have been used or proposed for use for
disease therapies invelving inducing cell death, such as, for example cancer therapies involving
expression of genes that cause cell death. Swicide gene therapy has become an attraciive strategy
for cancer treatment {See, 2.2, Rodriguer, R. and Simons, §. W, Urclogy 54; 401-406, 1999,
Suicide gene therapy relies on the debivery of genes whose products are toxic, or which produce
a foxic product in conjunction with pro~drog adnunistration (Deming, €., et al, Haman Gene
Therapy 8 1825-1835, 1997). Suicide gene therapy has been widely mvestigated for the
treatment of human mnnunodeliciency virns {HIV) mfection, for controlling grafti-versus-host
disease, and also for the treatment of cancer. The generation of viral vectors containing toxm
eenes such as diphtberia toxin A fragment (DT-4), Pseudomonas exotoxin (PE) or barnase has
been difficalt to fulfill due to the exireme toxicity of these toxins.

Certain proteins encoded by toxic genes can kill a host cell at vary low levels of
expression. For example, a single molecaole of diphtheria toxin (DT-A) can kill a cell
(Yamavant, M. et al. (19738) Cell 151 243-250). DT is believed 1o posson protein syuthesis by
catalyring ADP-tibosyiation of elongation factor 2 {EF2). DT kills primanty by ap apoptosis-
mediated pathway, and is believed to kill cells in a cell-cvele independent fashion. This makes
DT an atiractive cancer therapeutic, as some malignancies such as prostate cancer tend to have a
very low nutotic index, Sinularly, the nbonuclease barnase bas been suggested as a potent foxic
agent for fargetmg to cancer cells (Edelweiss, E., et al., PLoS ONE 3: 22434, 20083,
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However, production of viral vectors, such as recombinant adenoviras, recombinan
baculovirgs, and adenc-associsted virus which could be used for delivery of toxic genesio a
target cell such as a cancer cell, can be hampered by the toxicity of a toxic gene to the host cell.
A viral vector harboring a toxic gene thus mast not only be grown under conditions that arve not
lethal {0 a host cell that is used for growing the vector, but the vector also must be able to effect
toxicity upon a target cell such as a cancer cell.

Previous attempis at Bmiting toxicity of 8 toxic gene such as DT-A by use of an
mdacible andior Ussue specific promoter have ted 1o variable results. For example, Maxwell et
al. {Cancer Rex. 46:4660-4004, 19867 used a truncaled form of the metallothionein promiter (o
demonsirate that basal expression of this promoter, even in the absence of heavy welals, resulted
i substantial inhibition of protein synthesis. This mhibition could be augmented by the addion
of an mmnunoglobulin enhancer element but only minmmally by cadmium. The suthors were net
able to demonsirate true specific cytotoxicity but rather only a preferential cell susceptibihity to
DT-A-mediated cell death, presumably as a result of basal expression of this highly toxic gene.
This group alse introduced an attenuated nutant of DT-A (Maxwell, F. et al. (1987) Mol. Cell.
Biol. 7:1376-1379) (Rolunson, DL F. and Maxwell, I H. {1925} Huny Gene Ther 6:137-143.
Subsequent efforts by this group and others concentrated on infroducing an attenuated mutant of
DT-A (Maxwell, F. et al. (1987) Mol. Cell. Biol. 7:1576-1579) or on tightly regulating gene
gpression using prokaryotic control elements (Robmson, B, F.and Maxwell, I H. (19985} Hum,
Gene Ther, 6:137-143; Paulus, W. gt al. (19973 1. Neurosurg. 87:89-95}. In both cases, although
preferential cell killing could be demonstrated, complete abolition of nonspecific cell killing was
not achieved. Keyvant et al. (Life Sci. 64171921724, 1999} used a tet repressor-based svstem
for expressing an attenuated DT-A mutant, but these workers concluded that {1) expression but
not toxicity of the DT-A mutant can be sufficiently controlled by a tetracycline-responsive
prammoter.

US Patent 7,582 290 to Rodriguer, R, et al. discloses replication-deficient Adenovirus
{Ad) expressing the A subunit of dipbtheria toxin (DT-A) driven by prostate-specific promoters
for use in suicide gene therapy for prostate cancer. This patent desoribes a muutation of glyoine
argimne in posiion 708 of the EF-2 protem that gives resistance o niubition of protein
synthesis by DT, The tnventors i this patent assert that a major problem in the application of
replication-defective adenovirus in gene thetapy is the presence of replication-compelent
adenovirus {RCA), which is generated by recombination between sequences m the Ad vector
and homologous Ad sequences in the helper cells. These inventors also disclose a DT-resistant
helper cell line, DPL, for packaging DT-expressing adenovirus for swicide gene therapy, in

2
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which the cells do not make RCA. These inventors further disclose that they anplified a 500 bp
region from the EF-2 gene spanning the codon 703, from TSU cells {a prostate cancer cell ling).
Using site directed mutagenesis, these mventors changed codon 705 from "GGA™ to "AGA" to
code for arginine instead of glyveine. Using homologous recombination they replaced glyeine
with arginine in postiion 745 of the EF-2 protein in PER.C6 cells {derived from diploid human
embryonic retinoblasts ("HER") and described tn U8, Pat. Nos. 5994 128, 6 265,212,

6,033 908 and 6,306,652), and generated a DT-resistant helper cell ine for packaging
adenoviral vectors. These cells contain the Ad sevotype 5 (AdS) EL-A & EL-B encoding
sequences {AdS neucleotides 459-3510) under the contrel of human phosphoglveerate kinase
{POK) promoter. According to these myventors, these cells, used in conjanciion with aon-
overlapping Fl-deleted adenovirps, eliminates the presence of RCA in viral preps.

Wang et al,, (Wang, C-Y, ot al., Cancer Research 66; 5798-3806,2006) described o
recombinant baculovirus accommodating the trapseriptional regulatory sequence of glial
fibrilary acidic acid protein (GFAP) (o drive the expression of DT-A gene n glioma cells.
Because GFAP promoter is inactive i insect cells, they were able to generate recornbinant
baculovirus carrying the DT-A foxic gene. However, a cell-type specific promoter such as
CGFAP promoter displavs relatively weak transcriptional activity compared 0 positive control
sequences derived from viruses, e.g. the enhancer/promoter of buman cytomegalovivus (CMV}
immediate-early pene and therefore himits #s applications.

Kohlschiitter, et al,, Toxins 2 2734-27638, 2010 described AAY vectors carryving the
DT-A gene, in which the Tet™ repressor system was used 1o decrease the expression of DT-A.
Even though the anthors produced some AAV vectors carrying the DT-A gene iy HEK2937
cells, their AAV vields were generally 2 to 3 logs lower than AAYV vectors that did not camry the
DT-A gene, such as vectors carrying the PUMA gene (AAVTatO2-PUMA). The authors
atirtbuted the lower titer to residoal expression of the DTA protem.

US Patent 6,723 551 to Koun et al. describes methods of production of adeno-associated
virus (AAV} in insect cells. These inventors assert that introns comprised by AAY genes are not
properly spliced in insect cells. These nventors produced AAV in insect cells by using AAV

enes engieered to be devoid ol introns. However, this patent nesther teaches nor suggests

o%

growing vectors harboring toxic genes in insect calls.
There currently sxisis a need for additional conyprosttions and methods for producing
suicide gene therapy vectors for therapeutic ase such as ase i killing cancer cells.

Summary
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In view of a need to grow vival vectors harboring toxic genes in tasect cells, the present
inventor has developed modified baculoviral and adeno-associated viral vectors comprising
toxic genes, insect cells comprising such vectors, methods of making such vectors and celis, and
methods of treatment that use such vectoss.

A nucleic acid of the present teachings can be 3 nucleic acid for growing a toxic gene in
an insect cell. In some configurations, a nucleic acid can comprise, consist essentially of, or
consist of a sequence encoding a toxic polypeptide, and an intron that interrupis the sequence,
whereby sn RNA comprising the intron can be sphiced by mammalian cells but not by insect
cells, to form i manmmalian cells, but not in usect cells, a transiatable mRNA that, upon
transiation, vields cell-toxic levels of a toxic polypeptide. I some configurations, a mucleic acid
can comprise a sequence encoding a toxic polvpepiide such as, without hmitation, diphtheria
toxin (DT-A), barnase, ricin, abtin, Pseudomonas exotoxm or a pro~-apoptonic polvpeptide.
Sequences encoding sach toxic polyvpeptides (and peplides) ave well known to skitled artisans
(see, e.g., EHerby, FLM., et al, Natwre Medicine 51 1032-1038, 1999) and are available from
publically accessible resowrces such ag, for example, the websie of the Nationat Center for
Biotechnology Information. In some configurations, the nucleic acid can encode a toxic
polvpeptide such as a diphtheria toxin, for example DT-A. In stune configurations, the nucleic
acid can encode a foxic polypeptide such as barnase.

In various configurations, an mntron of the present teachings can be any miron which is
not properly spliced out in insect cells but is properly sphiced by mammalian cells, such as, for
example and without mitation, an intron from a nenan growth hormone gene or an ntron from
a SV40 targe T antigen gene.

In various configurations, a nucleic acid of the present teachings can further comprise an
expression control sequence operably linked to the sequence encoding a toxic polvpeptide. An
expression control sequence can be, for example, a promoter, an IRES, an enhavcer andfor a
combination thereof.

In non-limiting dlastration, FIG. 1 presents genstic and tanseriptional maps of 8 toxic
gene such as a DT-A gene comprising an intron and operably hinked to a promoter such as a
MY promoter. Upon introduction of a DT-A gene comprising an fntron of the present
teachings into a mammalian cell, the gene s transeribed, and matwre DT-A mRNA 15 formed
the manunalian cell through intron splicing. The matere RNA 15 transiated inlo functional DT-A
protein {o kil the cell. The nambers above the genetic map based on DT-A coding sequence

{Genbask access no. X003 indicate the nucleotide positions where the intron 1s mserted.
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CMVpr = eviomegaloviras promoter; DT-A = Dipthenta Toxin A nuclele acid seguence; pA =
polvadenyiation signal.

In some embodiments, the present teachings include a virgl vector comprising @ mucleic
acid as described supra. In various configurations, a vival vector can be, for example, &
haculovirus, a retrovirus, an adenovirus, an adeno-associated virus {AAV) or a combination
thereof, such as, for example, a baculovirus comprising AAV sequences, such as described, for
example, in US Patent Application Pebhication 20090203071 but modified fo alse include
sequences encoding a toxic gene in which the coding sequence is disrapted with an intron.

In some embodiments, the presemt teachings melude an insect cell m vitro which
comprises g nucheic acid described supra, or a viral penome comprising the nacleiv acid as
described supra.

In various configurations, an msect cell can be, without Hmitation, s cell of an
established insect cell line known to skilled artisans, such as, withowt limitation, a Trichophusia
nt BT Tu-581~4 cell, a Spodopiera frugiperda S cell or g Spodoptera frugiperda S£21 cell.

In some embodiments, the present teachings inchude a cell calture comprising a plurality
of cells described supra; and a culture medmm. {n vatious configurations, such cell lines can
accurnulate a virus such as, for example, AAY, wherein unconcentrated cell culture medium can
comprise the virus at a titer greater than 10° AAV genomes/ml, greater than 107 AAV
genomes/ml, greater than 10" AAV genomes/ml, or greater than 10" AAV genomes/ml. For
exanple, s various configurations, | lter of unconcentrated cultured cell medium can comprise
at least 107, at least 10, or at Jeast 10" AAV viral particles within 3 days afier infection of an
msect cell culture with a baculovirus of the present teachings.

In vartous configurations, a cell line or cell culiure of the present teachings can
accumulate a baculovivus, wherein saconcentrated cell calture medivm can comprise the virus at

I

a titer greater than 107 phed, greater than 10 pfud, greater than 101 pfwdl, or greater than 10
pludd within 4 days following transfection.

In some embodinents, the present teachings include methods of growing a vector
comprising a toxic gene in vitro. In various configurations, these methods include: providing a
cell colture comprising insect cells; infecting or transfecting the cells with a nucleic acid or a
virus of the present teachings: and incubating the cells under conditions suitable for virus
production.

In some embodiments, the present teachings include methods of treating & cancer. In
various configurations, these methods include admnistering a nucleic acid or g virus of the
present teachings to a subject in need of therapy. In some configurations, the vivus canbea
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baculovirus or an adeno-associated virus, A cancer subject to treatment using a nuclewe acid ora
virys of the present teachings can be any cancer, such as, without limitation, a prostate cancer, a
breast cancer, a bramn tumor, a cervical cancer or a nasopharyngeal carcinoma. In various
embodiments of the present teachings, a virus of the present teachings, such as san AAV of the
present teachings or a baculovivus of the present teachings, can be a virus that can mfect a
manunahan cell but cannot replicate within the mammalian cell.

In various embodiments, the present teachings inchude use of a nucleic acid or vivus
described supra for the treatment of a disease such as, for example, cancer.

In various embodiments, the present teachings mehude a nucleic actd or virus described
hergin for use in the treatment of a cancer. In various embodiments, the present teachings
mchude a nucleic acid or vivus described hevein for use m the manufacture of a medicament for
the {reatment of a cancer,

In various ensbodiments, the present teachings include a recombinant baculovivus or
nucleic gcid comprising g toxic gene {such as, without limitation, 8 DT-A gene or a barnase
gene) which further comprises an ntron, such that & mammalian cell but not in an insect cell can
express a mature mRNA that can be translated by the host cell to produce a polypeptide that is
fethal to the host cell. In stime configurations, an intron that disrupts coding sequence of a foxic
gene can be spliced from a transcript of the toxic gene by a mammalian cell, but not by an insect
cell, for example as set forth in FIG. 1. Upon mtroduction of a toxic gene comprising an intron
o a mammalian cell (such as a human cell in vifro or i1 vivol, the cell can produce mature
mRNA of the toxic gene. The matre mRNA can be translated by the mammahan cell into
functional DT-A protein (or other toxic protein) to kilf the cell.

In some embodiments, the present teachmgs include methods of producing recombinant
baculoviras carrying a toxic gene comprising an intron in nsect celis. In these embodiments,
recombinant baculovirns can be generated according to methods well known to skilled artisans.
Without linutation, such methods can mclude, for example, transfecting Bacmid DNAs into
insect cells i vitro, such as S{% cells, with a vector such as a Bacmid medified to comprise a
toxic gene into which an intron i3 inserted,

Some embodiments of the present teachings include AAV vectors carrying a toxic gene
such as a DT-A gene comprising an infron of a barnase gene comprising an iniron. AAY vectors
comprising a toxic gene with an intron can be produced in insect cells. Upon introduction fnto a
host mammalian cell, a toxic gene comprised by an AAV vector of the present teachings can be
transcribed and spliced 1o the mammalian cell to form a mature toxic gene mRNA (suchas a
DT-A mBRNA or a barnase mRNA) . A matare {oxie gene mBNA can be iransiated by the host

6
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mammalian cell to vield a 1oxie protein (such as DT-A or barnase), thereby disabling or killing
the host mammalian cell

Some embondimends of the present feachings include miethods of producing AAY veclors
carrying a toxic gene such as, for example, a DT-A gene or barnase gene 1o insect cells. In these
methods, a first vector comprising haculovirus and AAV sequences, such as, for example, Bac-
Rep-Cap {(or Bac-mCap-mRep), and a second vector comprising baculovirus and I'TR sequences
as well as a toxic gene (such as, for example, DT-A or barnase) interrupted by an intron, can be
contacted with a host insect cell to co-infect the bost cell. An infected cell can vield AAV
comprising the toxic pene mierrupted by an intron. Such miected cells grown m vitro can vield
titers of recombinant AAV comprising a toxic gene, of at least 10% viral renomes/mi, at least
10 viral genomes/ml, at least 10" viral genomes/ml, or at teast 10' viral genomes/ml in
unconcentrated culture medium within 3 days after mfection of g culture of insect cells such as
S cells.

Some embodiments of the present teachings inclade additional methods of producing
AAV vectors carrying 8 toxic gene in insect cells. In these methods, an insect cell can be
provided comprising a stablyv inteprated transgene such as g transgene comprising AAY ITRs
flanking a toxic gene (such as DT-A or barnase} comprising an intron. Seg, e.g., FIG. 5. A cell
of these embodiments can be infected with Bac-Rep-Cap. Following infection with Bac-Rep-
Cap, the cell can produce AAV vectors comywising a toxic gene {such as DT-A) comprising an

iniron. In various configuratious, a poputation of infected cells grown in vitro can yield fiters of

Y : ) i
" viral genomesdml, at feast 10'

recombinant AAV, of at Jeast 107 viral genomes/ml, at least 10
viral genomes/ml, or at least 10" viral genomesiml in unconcentrated cubiure medium. In some
configurations, such high can be obtained within about 3 davs afier infection.

In some embodiments, the present teachings include production of AAV vectors carrying
toxic genes psing insect cells (such as, for example, SI9 cell) barboring stably integrated AAV
genomes carrying nDTA or inBarnase. In various configurations, such cells can be mfected
with recombinant baculovirys carrying Rep and Cap genes for 3 days. The cell pellets can be
harvested and processed to purify the AAV vectors.

Accordingly, in some embodiments, the present teschings include nucleic acids
comprising a sequence encoding a toxic polypepiide, and an intron that interrupts the sequence,
whereby the ntron is spliced in mammalian cells but not i nsect cells to form an mRNA that is
transiated to form cell-toxic levels of the toxic polypeptide in mammalian cells bat not in insect
cells. In some configurations, the toxin polypeptide encoded by a toxin gene can be, without
fiatation, diphtheria toxin {DT-A), barnase, ricin, abrin, or Pseudomonas exotoxin. In sonme

7
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preferred configurations, the toxin can he diphtheria toxin {DT-A) or barnase, encoded by a
dipirtheria toxin (DT-A} gene or a barnase gene, respectively, but Inferrupted by an intron such
as, without Hmitation, a human growth hormone Intron or an SV44U large T-antigen intron. In
varions configurations, a nucleic acid of the present teachings can further comprise at feast one
expression element operably linked 1o the sequence. Such expression elaments can include one
or move of a promoter, an IRES, an enhancer and a combination thereof. In some configurations,
expression elements comprised by a nucleie acid of the present teachings can include one or
more of 8 CMV promoter, an AFP promoter, an AFP evhancer, a SURV promoter, a CXUR4
promoter, a TERT promoter, 2 C0OX2 promoter, and a CCKAR promoter, In some
condigarations, expression slements comprised by a nucletc acid of the present teachings can
mchude one or more of a RAFP promoter, a hAFP enbancer, an hSLRV promoter, a hCXCR4
promoter, an hTERT promater, g hCOX2 promoter, and a2 hCCKAR promoter. In some
configuyrations, an expression control element can be a promoter that can divect expression in
tamor cells, sach as an hSURV promoter or a CXCR4 promoter. In some preferred
configurations, an expression element can be an hSURV or 8 CXCR4 promoter,

In some embodiments, an intron that distupts the sequence of a toxic gene can be any
intron that 1s spliced by mammalian cells bat not Inseci cells. In various configurations, the
miron can be an artificial infron, a human growih hormone indron, or an SV40 large T-antigen
intron.

In vartous embodiments, a nucleie acid or vival vector of the present teachings can
comprise at least one ITR.

In some embodiments, a nucleic acid or vival vector of the present teachings can

comprise, 1 3 to 3 order, a first I'TR, a promoter, a first portion of a toXic gene, an intron, a
second portion of the toxic gene, a polvadenylation signal, and a second ITR. In various
configorations, the {irst ITR can be an AV ITR, and the second ITR can be an AAV ITR.

Some embodiments of the present teachings include viral vectors comprising the nucleie
actds described heremn. In some configurations, a viral vector can be, without hmitation, 3
baculovirus, a retrovirus, an adenovivas, sn adeno-associated virus {AAVY or a combination
thereol, and in particudar a vector can be a baculovirus, an adeno-associated virus (AAV), ora
combination thereof. Non-hinuiing examples of AAV comprising a nucleic acid of the present
teachings include AAVZ and AAVY, preferably AAVZ

Some embodiments of the present teachings inchsde insect cells in vitro comprising the
nucteie acids described herein. Various embodiments of the present teachings mclude mdividual
msect cells in vitro, insect cell lnes, msect cell cultures, and insect cell populations i vitre. In

8
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varfous configurations, an nsect cell of the present teachings can include, without limlation, a
Trichoplusia ni BTI-Tu-3B1-4 cell, 3 Spodoptera frugiperda Si¥ cell or a Spodoptara frugiperda
Si21 celi; an msect cell population or cell evlture can include, without fimitation, Trichoplusia m
BTI-Tn-3B1-4 cells, Spodoptera frugiperda SI9 cells, Spodoptera frugiperds S121 cells, and any
combination thereof. In various configurations, an mnsect cell ean comprise a nucleie acid which
is commprised by a viral gepome. In some embodiments, an insect cell of the present teachings
can comprise a virus which comprises a nucleic acid of the present teachings. In various
configurations, a virns of these embodiments can be an AAV, a baculoving, or & combination
theveot. in some embodiments, an insect cell of the present teachings can be stably transtormed
with a nucleie acid of the present ieachings.

Embodiments of the present teachings mchude cell coltures such as msect cell coltures. In
vanous conligurations, a cell culture can include cells comprising a nucleic acid of the present
teachmgs, and a cell culture medinm. In varions configurations, a cell culture can comprise
greater than 1Y viral genomesiml without concentration of the cell calture medinm, greater than
10" viral genomesiml without concentration of the cell culture medium, greater than 10 viral
genomes’ml withowt concentration of the cell culiure mediuny, greater than 10 viral
genomes/ml withowt concentration of the cell culture medium. In various embodiments, a cell
line, cell culture or cell population of the present teachings can comprise a bacudovings
comprising a nucleic acid of the present teachings, In vartous configurations, a cell line, cell
calture or celf population can commprise baculovirus at greater than § 0% PELYml in
unconcentrated culbure medium, greater than 107 PFUMml in unconcentrated culture medium,
ereater than 10° PFUMmI in enconcentrased culture medinm, or greater than 10° PFUm in
unconcentrated culture mediunt,

Some embodiments of the present teachings inchide methods of growing a vector
comprising a toxic gene 1o vitro. In vanious configurations, these methods comprise providing a
cell culture comprising insect cells, infecting ov transfecting the cells with a nucleic acid of the
present teachings which comprises 3 sequence encoding a toxic polvpeptide and an intron which
wterrupts the sequence, and incubating the cells under conditions suitable for virus production.
in various configurations, a nucleic acid can be comprised by 8 virus, such as a baculovirus, an
AAY, or a combination thereof. Accordingly, in various configurations, these methods include:
providing a cell culture comprising insect cells; and nfecting the cells with a virus vector sach
as an AAV comprising a nucleic acid of the present teachings, and with a second vector such as
Bac-mnCap-nRep. The infecting can occur over at teast about 1 day, for at least 2 days, for at
feast 3 days, for about 3 days, for at least 4 days, for at least § davs, for up to about 3 days, for at
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feast 6 davs, for ap to abowt 6 days, for 7 days, or for up to about 7 days. In various
configurations, these methods can further comprise tysing the cells to form a lysate comprising
the AAY. Because g lysate can also mclude cellular debris, the methods can further comprise
digesting the cellalar debris with benzonase. In various configarations, an AAY comprising a
nucizic acid of these methods can be any AAV, such as an AAV2 or an AAVY, In some
configurations, the insect cells can be Trichoplusia m BT1-Tu-3B1-4 cells, Spodoptera
frugiperda S19 cells or Spodoptera frugiperda S21 cells. In some preferred configurations, the
nsect cells 1 these methods can be Spodoptera frugiperda 519 cells.

Some embodimants of the present teachings include methods of treating a disease or
madical condition sach as HIV infection, grafl-versus-host disease, or cancer. In various
configurations, these methods can comprise adnunistering to a subject in need of therapy a
thergpeutically effective amount of a mucieie acid of the present teachings. In various
confizyrations, the nacleic acid can be comprised by a virws, such as AAYV, so that the methods
comprise adminisiering o g subject in need of therapy a therapentically effective amount of a
virps such as an AAYV comprising a nucleic acid of the present teachings. In some preferred
embodiments, the AAV can be AAVZ or AAVY, more preferably AAV2. In various
configarations, a cancer that can be treated by the disclosed methods can be, without limtation,
a prosiate cancer, & breast cancer, a brain homor, a cervical cancer or a nasopharyngeal
Carcinoma,

Some embodiments of the present teachings include use of a nucleic acid or virus of the
present teachings for the treatment of HIV mfection, gralt-versus-host disease, or & cancer.

Some embodimenis of the present teachings include a nucleic acid ov vivus of the present
teachings for use in the treatment of HIV mfection, grafti-versus-host disease, or a cancer.

Some embodiments of the present teachings inchsde a nuclerc acid or virus of the present
teachings for nse in the restment of HIV mfection, graft-versus-host disease, or g cancer.
Brief deseription of the Drawings

FIG. 1 illustrates genetic and transcriptional maps of a toxic zene such as a DT-A gene
comprising an intron and operably hinked (0 a promoter such as & MV promoter.

FIG. 2 illustrates & method of producing in an imsect cell a recombinant baculovirus
carrying a DT-A gene mterrupted by the human growth hormone miron or @ barnase gene
tnterrupted by the SV440 large T-antigen intron and fased in-frame with GFP.

FIG. 3 dlustrates genetic and transcriptional maps of representative AAV vectors
carrying g toxic gene such as a DT-A gene, modilied to comprise an miron within the open
reading frame.

10
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FIG. 4 illustrates a method of productng AAY vectors carrving a toxic gene such as a
DT-A gene n nsect cells,

FIG. 5 illustrates an alternative method of producing AAY vectors carrying a toxic gene
such as a DT-A gene comprising of an intron in insect cells with stably integrated AV~
transgene. Bac, Rep, Cap and 1TR are as described m US Patent Application Publication
20090203071

Figures 6-11 Hustrate maps of pFastBac shuttle plasmoids that can be used in various
configurations of the present teachings. Each vector comprises: Tn7R and Ta7L target sties; an
ampiciiim resisiance selection marker (AMP); 8 gentamicin resistance selection marker; ap hGH
mtron that 1s not within a coding sequence; AAV ITRs; and an SV40pA 144 bp
polvadenylation sequence,
CATGGUCCAACUTIGTTTATTGCAGUTTATAATGOETTACAAATAAAGCAATAGCATCA
CAAATTTCACAAATAAAGCATTITTITTITCACTOGCATTCTAGTTOTGOTTTOGTCCAAACT
CATCAATOTATCTTATCATGTCTGGATCOT (SEQ 1D NO: 1), However, these components

individually may not be required for practicing the vanoues embodiments of the present
teachings. Ablweviations: DT-A, diphthenia A fragment; UMV, eytomegalovirus promoter;
hGH, human growth hormone intron; Bar, Barnase; GFP, green Juorescence protem; SV4(4G,
Stmian virus 40 large T-antigen intron: hTERT, human telomerase reverse transeriptase
profnoter,

FIG. 6 illustrates a map of pFastBac shuttle plasimid comprising, between AAV TR, 2
CMV promoter operably Hnked to a DT-A coding sequence 1n which the vector comprises:
Tn7R and Tn7L target sites; an ampicillin resistance selection marker: 8 gentanucin resistance
selection marker; an hGH ntron that is not within a coding sequence; AAV ITR’s; and an
SV40pA 144 bp polvadenylation sequence. Abbreviations: DT-A, diphtheria A fragment; CMV|
cvtomegalovirus promoter; hGH, human growth hormone intron.

FIG. 7 llustrates a pFastBac shutile plasmid comprising, between AAV ITRs, a OMV
promoter operably linked to a DT-A coding sequence mterrupted by human growth hormone
intron, in which the vector comprises: Ta7R and Tn7L tareet sites; an ampicillin resistance
setection marker, 2 gentamicin resistance selection marker; an hGH infron that 1s not within a
codding sequence; AAV TRy and an SV40pA 144 by polvadenylation sequence.
Abbreviations: DT-A, diphtheria A fagment: CMV, ovtomegaloviras promeoter; bDGH, human
growth hormone intron; SV40, Stman virus 40 large T-antigen intron.

F1G. 8 illustrates a map of a pFastBac shuttle plasmid comprising, between AAV ITR s,
a CMV promoter operably linked to a Barnase coding sequence fused in-frame with GFP coding

11
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sequence, in which the vector comprises: Tn7R and Tn7L target sites; an anpicitlin resistance
selection marker; a gentanucin resistance selection marker; an AGH intron that 1s not within a
coding sequence; AAV ITRs; and an SV40pA 144 bp polvadenylation sequence.
Abbreviations: OMV | cytomegalovivus promoter; hGH, human growth hormone intron; Bar,
Bamase; GFP, green flyorescance protein; SV40, Sunian virus 4 large T-antigen intron.

FIG 9 ilustrates a map of a pFastBac shuttle plasmid comprising, between AAV ITRs,
a CMV promoter operably linked to a Barnase coding sequence interrupted by an SV40 large T-
antigen intron, and fused in~frame with GFP coding sequence, in which the vector comprises:
Tu7R and Ta7l target sites] an ampiciliin resistance selection marker; 2 gentamicin resisiance
selection marker; an hGH mtroa that 1s not within a coding sequence; AAY ITR s, and an
SV40pA 144 bp polyadenylation sequence. Abbreviations: CMV, evtomegalovirus promoter;
hGH, human growth hormone intvon; Bar, Barnase; GFP, green Quorescence profein; SV,
Simian virgs 40 large T-antigen intron.

FIG. 10 sfhustrates g map of @ pFastBac shuttle plasmid comprising, between AV
ITR’s, an hTERT promoter operably Huked to a DT-A coding sequence interrupted by buman
growth hormone intron, in which the vector comprises: Tn7R and To7L tarpel sites; an
ampicillin resistance selection marker; a gentanucin resistance selection marker; an BGH mtron
that is not within a coding sequence; AAV ITRs: and an SV40pA 144 bp polvadenylation
sequence. Abbreviations: DT-A, diphtheria A fragment; hGH, human growth hormone mtron;
SV40, Smuan virus 40 larze T-antigen intron; hTERT, hunian telomerase reverse ranscripiase
promoter,

FIG. 11 illusirates a map of a pFastBac shuttle plasmid comprising, between AAV
ITR’s, an hTERT promoter operably linked (o a GFP coding sequence, m which the vector
comprizes: Tn7R and Tu7L target sttes; an ampicilli resistance selection marker; a gentamicin
resistance selection marker; an bGH intron that is not within g coding sequence; AAV ITR's;
and an SV40pA 144 bp polyvadenylation sequence, Abbreviations hGH, human growth hormone
intron; Bar, Barnase; GFP, green tluorescence protein; SV40, Sinuan virus 40 farge T-antigen
intron, WTERT, haman telomerase reverse transcriptase promofer,

FIG. 12 shustrates generation of reconbinant baculoviruses i 519 cells following
transtection with Bacmid DNA (FIG. 124, FIG. 12C), and amplification of the recombinant
baculovicuses in S§9 cells by infection (FIG. 128, FIG. 12D).

FIG. 13 ilustrates genetic and transcriptional maps of representative recombimant
baculoviruses carrving a DT-A gene mterrupted by a human growth hormone intron, and a
Barnase gene micrrupied by an SV40 large T-antigen wdron and fused m-frame with GFP.
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FIG. 14 iltusirates the kithing effects on mammalian thuman embryonie kidney HEK 293}
cells by wransduction with recombinant baculovirases harboring foxic genes for 48 hours,

FIG. 15 illustrates a method of producing AAV vectors carryving 8 DT-A gene
comprising the human growth hormone intron or the barase gene comprising the SV40 targe T~
antigen mtron and fused in-frame with GFP gene in isect cells that carries a stably stegrated
AAV-fransgene.

FIG. 16 tllustrates genetic and transeriptional maps of representative AAV vectors
carrying a DT-A gene comprising a fuoman growth hormone intron, or a Barnase gene
comprising a SV40U large T-antigen intron and fused in-frame with the GFP gene.

FIG. 17 illusirates the killing effect of AAVZ-OMV-iaDTAGGH) on mammalian cells.

FIG. 18 dlustrates the killing effects on mammalian cells by gransdoction with AAV
viciors harboring toxie genes,

FIG. 1Y dlastrates representative result of cell killing by AAVZBSURV-inDTAChGH).

FIG. 20 ihustrates cell viability assay of tumor cells by AAVT vectors carrving DT-4
under controf of various tumor-specific promoters. The cells were seeded on 96-well plates and
transduced with AAV2 vectors at 4-fold serial dilutions for 4 davs and the cell viabilitvy was
assayed with the CellTuter Glo Lunmnescent Cell Viability Assay kit {a) HepG2 cells, {b}
Hep3B cells, and (¢} BEQ2)-MI7 cells.

Detailed Description

The present {eachings disclose a toxic gene comprising an intron, wheremn following
transcription in an insect cell, the intron s not spliced, so that wo toxic gene product is formed in
the tnsect cell. A vector comprising such an itron-interrupted toxic gene can be grown i insect
cells. However, upon mtroduction into a mammalian cell such as a cancer cell, wanscription of
the toxic gene leads formation of a matare mRNA, which is translated into a toxic protein that
kills the host mammalian cell.

FIG. 1 Hlustrates exemplary genetic and franscripuional maps of a DT-A gene comprising
ap intron and operably linked to a CMV promoter. Upon introduction of a DT-A gene
comprising an intron of the present teachings fnfo a manumalian cell, the gene is wansceribed, and
matere DT-A mRNA s formed in the manmmalian cell through ntron splicing. The mature RNA
is ranslated tito functional DT-A protein to kall the cell. The numbers above the genetic map
based on DT-A coding sequence {Genbank access no, X00703) indicate the nucleotide positions
where the mitron is mserted. CMVpr = cytomegalovivus promoter; DT-A = Diptheria Toxin A

aucleic acid sequence; pA = polyadenylation signal.
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The methods snd compositions described hevein ntilive laboratory technigues well
known o skifled srtisans, and can be found in laboratory manuals such as Santbrook, ., et al,
Molecular Cloning: A Laboratory Manual, 3rd ed. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NUY | 2001; Methods In Molecular Biology, ed. Richard, Huonrang Press, NL

1995 Spector, D. L. et al,, Cells: A Laboratory Manual, Cold Spring Harhor Laboratory Press,

Cold Spring Harbor, N.Y., 1998, and Harlow, E.| Using Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, NY ., 1999, Additional references
describing methods of expression of heterologous polvpeptides i msect cells, as well ag
mgthods of introducing vectors and nucleic acids into msect cells and metheds of matntaining
sect cell culiures inclade, for example, Q'Redlly et al., Baculovirus E-xprassian Vegiors, A
Laboratory Manual, Oxford Univ. Press, 1994; Samulski etal, J. Vir, 63: 3822-3288, 1989,
Kapigava et al, Proc. Nat'l, Acad. Sci. USA 88 46464650, 1991 Rufling stal 1 Vir. 66
HR22-6930, 1997 Kimbauer et al, Vie 219 3744, 1996, Zhao et al, Vir 272 382-393, 2000
and Samudski et al., (85, Pai. No. 6,204 059,

Experiments described herein may also make use of the following materials and
methods.

Cell cultire. HEK293 cells were maintained at 37 “C in Dulbecco’s modified Eagle’s
medinonn (ovitrogen, Carlsbad, CA) contating 100 1ml of penicillin and 100 mgiml of
streptomyein, and supplemented with 10% fetal calf serum (Sipma-Aldrich, St Louis, MO).
HepG2, Hep3B and WI3E cells were mamtained at 37 °C in EMEM complete growth medium
(American Type Culture Collection} containing 100 Udml of penicillin and 100 mgiml of
streptomycin, and supplemented with 10% fetal calf serum. BE (2) M17 cells (American Type
Culture Collection) were mamtained in 50% EMEM + 50% Fi2 complete growth media
containing HXH L/mi of penicillin and 100 mg/mi of streptomycin, and sapplemented with 10%
etal calf serum. Spodoptera frugiperda SI9 cells (Invitrogen, Carlsbad, CA) were maintained at
2R87C in ESFO21 serune-free medinm {Expression Systems, Woodland, CA) containing 100 Uind
of penicithin and 100 mg/ml of streptomyvem {Invitrogen, Carlsbad, CAL

Generation and tivation of recombivant baculovivases. Plasmids constructed as deseribed
ahove were used for transforming DHIOBac-competont cells 1o generate recombinant bacmds,

The bacmids containing the targst penes wers used for generanmg recombmeant baculovirases in

accordance  with the munufacturer’s protoosd  {Invitrozen, Caslsbad, CAS, with ooy

muodifications. Briefly, 2 ng of the plasmid DNA was used for transforming 20yl of DHI0Bae-

competent cells. After 4 hours of incabation at 37 °C m 300 g of SOC mediany, 25 and 2.5 wlof

the calture were plated separately in selection plates and incubated fiw 48 howry {0 allow
14
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whitehlue colonies o form. Generally, three white colonies were picked for cuch constravt and
rinprep bavmid DNAS were prepared. The bacmbd DINAs were used for fransfecting S8 cells
{o gengrate reconttanant bacwlovirases. The recombinant baculoviruses were amplified once and
nters determined with reablime quaniitative PCR {gPCR)Y assay and converted o plague-
forming units (ph) based on emymirical stndies in which 20 coples was converied indo | phin

AAY vector production, purification and tiration. The methods for AAV vector
production, purification and tivation have been described previously (Chen, H., Mol Ther 16
924930, 2008). Brielly, S cells were grown at 28°C to ~1 x 107 cellsiml in ESFY21 serum-
fres medium comtabng 100Uam] of penicillin and 100ug/mi of streptianyoin, and diluted 1o ~3
x 10" cells/ml before infection. Double infection was emploved io produce AAV vectors. Five
audtiplicity of infection (mo1) of Bac-AAV-transgene, and 10 moi of Bac-inCap-inRep were
used to infect S1Y cells at 28%C for 3 days 1o produce AAV vectors, Aller 3 days of mfection,
cell pellets ware collected by centrifugation at 3.00pm for 15 minates. The cell pellets were
lysed in a modified S ysis boffer (S0mM Tris-HCL, pHS.0, 195 sarkosyl, 195 Triton X-100,
2mM MeCl) and cellalar nucleic acids (DNA and RNA) were digested using benvonase
{Sigma-Aldrich, St Louis, MO, The cell Ivsates were cleared by centrifugation at 8.000pm for
20mun and supermnatants were subjected to 2 rounds of altracenivifugation to purify the AAV
vectors, The AAV veclors were buffer-exchanged into PBS containing 0.001% pluronic F-68
{Sigma-Aldrich, St Louis, MO) with 2 PD-10 desalting colunms (GE HealthCare Bio-Science
Corp, Piscataway, NID. After purification, the AAV vectors were Utrated with realdime
quantiative PCR {gPCR) method.

Cell proliferation assay. HEK293 cells were grown i 24-well plate (1.5¢+5 cells/well)
overnight and transduced with AAVZ vectors (1.5e+9veiwell} for 48 hours. The cells were then
trypsinized and cell number coanted. The cells were farther cultivated for another 48 hours yntil
reaching confluency and wvpsinived, cell number counted and then expand into larger vessels.
After another 72 hour cultivation, the cells were trypsinized and counted. Viable cells were
counted with wypan blue staining.

Cell viability assay. The CellTiter Glo Lumninescent Cell Viability Assay kit was used (o
test the cell viability according to Manufacturer’s protocol (Promega, Madison, Wi} Briefly, the

cells (WI38, HepGZ, Hep3B, and BE (2} MI7) were seeded on 96-well plates st 3.2e+4
cells/well overnight and wansduced with AAVZ vectors at 4-fold serial dilations for 4 days. The
reagent was reconstituted and added to the cells. Afler muixing on an orbital shaker for 2 minutes
1o lyse the cells, the plate was incubated ot room temperature for 10 minuies and then the

lunninescent signals were recorded.

po—
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As used in the description, drawings and any appended claims, the singular forms "a",
"an" and "the" are intended to include the plural forms as well, unless the context indicates
otherwise.

The present inventor has developed compositions and methods for producing a vector
COMPIISInG & toXic pane in an insect cell, as well as msect cell cultures that can include a vector
COMPrising a toxic gene, and can produce virus such as an AAV to a titer of at least 107 viral
genomes/ml, at least 10 viral genomes/mi, at least 10 viral genomes/mi or at least 10 viral
genomes/ml, i anconcentrated colture medianm. Tn various configwations, a cell culture can
produce a baculovirus to a titer of at feast Ty plague forming units (FFU i, at least | o
PFU/ml, at least 10" PFU /ml, at least 10° PFU /mi or at least 10'° PFU /ml, in unconcentrated
culture mediim.

Insect cells that can be used v vartous configurations of the present teactungs can be any
msect cells that can grow in an i vitro culivre. Such cells are well known to skilled artisans and
mclude, without hmitation, those disclosed in Kost, T A, et al., Nature Biotechnology 23 567«

574, 2005, and references cited therein.

EXAMPLES
The following examples are flustrative of varions embodiments of the present teachings
and are not intended to limit the scope of any clam. Persens of skill i the art will recognize that

many variations are possible that are within the scope of the present teachings.

EXAMPLE |

This example ilustrates sttucture and construction of plasnud pFB-CMV-DTA, a
pFastBac shagtle plassad (Invitrogen Corporation, Carlsbad, CA) comprising 8 UMY promoter
operably hnked apstream to 8 DT-A coding sequence (FIG. H).

To construct this plasnud, a plasmid containing the DT-A gene (GenBank access no.
XO07033 was digested with restriction endonucleases EcoR1 and BamHI to generate a fragment
containing a DT-A coding sequence with EcoR1 and BamH! sticky ends. Thus fragment was
tigated to the EcoRI and BamHI sites of plasmid pFB-AAV-CMV-SV40pA 1o create pFB-~
CMV-DTAL To insard the human growth hormone ntron into the DT-A gene, a PCR method
was smploved. First, the upsiream junciion sequance together with the 3°-DT-A seguence from
nucleotide nombers 1o 103 were amphified wsing forward prumer §°-
GATTATGATCACTAGTCGAG-3{SEQ 1D NQO: 2) and reverse primer §°-
GGGUGUTTACCTTITTTGAATCGGAATCTACA-S (SEQ ID NO: 3) {beld typeface indicates
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human growth hormone intron sequence), The human growth hormone intron was gmplified
with forward primer -ATTCAAAAAGGTAAGCGUCCCTAAAATCCC-3 (SEQ ID NGy
4} (hold tvpeface mdicates human growth hotmone iniron sequence} and reverse primer 5°-
TITTGTATACCTGGGGAGAAACCAGAGGGC-3" {(SEQ 1D NO: 5) (ralic wypeface
mndicates restriction site for BstZ171; bold typeface indicates hunan growth honmone intron
sequence). These two POR fragnents were then joined together through a second PCR.
amplification with forward primer S-GATTATGATCACTAGTCGAG-Y (SEQ ID NO: 6) and
reverse primey 3-TTTTGTATACCTGGGGAGAAACCAGAGGGC-3(SEQ ID NO: 7). The
joined PCR fragment was then digested with restriction endonucleases EcoRI and BstZ171 and
Hgated to the BcoRl and BstZ 171 siles of pFB-CMV-DTA to create pFB-UMV-inDTA (hGEH)
{F1G. 1, FI(:. 7), and to the EcoRI and BstZ17] sites of pFB-CMVi1etO-DTA-p10-TetR {0 create
pFB-CMVigtQ-nDTA-pl0-TetR. The expression cassetie was varified by DNA sequencing
apalysis.

The DNA sequence of the DT-A gene {GenBank access no. X00703) used in this
example is:
stzagcaganaacigtipegicaatetiaataggppcgetacigggeataggrpcceeaccticageccatgeaggegelgatgatttut
tzaitciictaaatctitigizaiggaaaactiiciioglaccac g ppactaaacciggtiatgiagaticcaitcasaasgglalacaaaagoesy
gaatcliggtacacangganatiatpaceatgaiiggaangpetiitataglaccgacantanatacgacgeigeggpatactetglagaiant

gaanaceogeicicigraaaageigpagregtesicanagigacgistocageactizacgsagptictopeacianaagiggataatgce

saaactatiaagasagagtiageittaagictoacigaaccgtizalpgageaagicggaacggaagastitaicanaageticepigatggl

gettegegtglagtgctcagecticecticgeligaggeeagticlagegiigaatatntiaatanctigeoaacagecpaaagesiiaagoata
gagctigagatiaatitigagaccegivganaacgigeccangatycgntigttgagiataty poicangoecigigcagenaatogtatony

gegatcagtagetageicatiglcatgcatanatetigatigggatptcataag gpatananctaagacasagatagagtctiiganngagea

Esak it & : & fratat s

R

iL}:‘ clatcagnaataaagtgagegaaagicecan md&d&ﬁ” tatcigagpaaaasgolaaacy dhi(&l&” aagaail icatcaasc &

geatiagagesicctgaatigeagaaciinaaaccgitactgggaccaaiccigiaticgeiggggclanciatgegacgtggeragtanac

R

glipcecnagtiategatageeanacagctigataatiiggnanngacaacigcigetctitcgatacticeigptateggtagegtaatgeeca

= fastow

tizcagacgglzccgticaccacantacagaagagatagiggeacasicaatagetiiatogiciitaatggiigeicaageiaticoatizgia

o> -.

agasciagiieatatigetitcecipeatadaatifiglagagagiatiatcaattiatiicanglagiicataaticglataatcglecegegtat

Ctecgeeroatamuacgiaaconiicicnigacgootaipeigicagiisgeaacacigipnagaticpataatccgaacig glittcang

gegngagtapecaceacataanaatiacigoigasastacecogcticoanicgogagtutociaciaccyaciaticcigeaaageiaga
cgliatasgiccangacicatatttcoglagatgglcggaaantaaggaigepliglagagcintagacggigalglaaciitiigicpoecia
aalctecigtilatgttegiantpytetscatgogaatcticacgtggcalitcacagaageagcicg gagaaaaticatictantgaaaitiogt
cggattecatagpetictipegtaccazaaaacaglogatcacaccaaggiastictaggotategelatiititgaaaicanaageiga

(SEQ 1D NO: 8).
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DT-A coding sequence comprising the hGH 1ntron 5 as follows
ATCGOLCGCTOATGATGTTOCTITCATICTICTAAATCOTTTITOTGATOLAAAACTTITICTY
COTACCACGGGACTAAACCTGOTTATGTAGATTCCATTCAAAAAGetaagegeccclaaaate

coittggeacantgtglccigaggpoagaggeagegacciglagatggeacegeggcaciaacccicagegtitgggatictgantgtga

il

§1]

gtatogecatgtaageccagtatiipocaateicagagapotecigpoicctgpag palepagagasianaaraaacagotecteeag

cagguagagigctggectettgctetecggeicectetatigecctotgattictececagGTATACAAAAGCCAAAATCT
GOTACACAAGGAAATTATOACGATOATTGGAAAGGOGTTTTATAGTACCGACAATAA
ATACGACGCTGCGGGATACTCTGTAGATAATGAAAACCCGCTCTCTGGAAAAGCTG
GAGGCGTGGTCAAAGTGACGTATCCAGGACTGACGAAGOTICTCGUACTAAAAGTG
GATAATOCCOAAACTATTAAGAAAGAGTTAGGTTTAAGTCTCACTGAACCOTTGAT
GOAGCAAGTCOGAACGGAAGAGTTTATCAAAAGGTTCGOTGATGGTGCTTCGCGTG
TAGTGUTCAGOUTTUCCTTCOCTGAGGGOAGTTUTAGUGTTGAATATATTAATAACT
GGOAACAGGCGAAAGCGTTAAGCGTAGAACTTGAGATTAATTTTGAAACCCOTGOA
AAACCGTGOCCAAGATGCGATOTATGAGTATATGGCTCAAGCCTGTGCAGGAAATCG
TGTCAGGCGATGA (SEQ IDNO: 39

EXAMPLE 2

This example lustrates structure and construction of plasmid pFB-CMVtO-DTA-pIO-
TetR. To construct pFB-CMV12tQ-DTA-pI0-TetR, 8 pli-driven TetR expression cassetie was
teleased from a plasnud by digestion with restriction endonucleases HindII and Avell The
released fragment was inserted into Hindill and Avill sticky ends of plasmid pFB-CMV-DTA

that ltad been digested with restniction endonucleases Hindi and Avell

EXAMPLE 3

This example illostrates insertion of mammalian mirons o distupt toxin gene ORFs.

To generate the vectors of some embodiments of the present teachings, the human
growth hormone (hGH} intron was inserted into the DT-A ORF between nucleotides 103 and
104 (the first letter of stavt codon ATG is assigned as mucleotide No. ). The SVa0 large T
antizen (SV40LT)Y intron was inserted into the bammase ORF between nucleotides 9 and 1) The
DT-A and barnase ORFs without intron interraption were used as condrols. All the toxin coding
sequences with or withoat infron intervuption were cloned into the pFasiBac shutile plasmid and
the schematic depiction of the expression casseties are shown in FIG. 3.

FIG. 3 illustrates genetic and transcriptional maps of representative recombinany
baculovinuses carrving the toxin expression cassetizs fanked by AAY ITRs. AAY vectrs were

18



WO 2013/085624 PCT/US2012/060441

produced by co-nfecting insect cells with a second recombinant haculovirus carrying AAV rep
and cap genes, Upon introduction of the baculeviral or AAY vectors into & manunalian celi,
mature toxim mRNA is formed through ntron splicing and transtated mte functional protem o
kil the cell. (a) DT-A gene insented with BGH intron and under control of various tumnor specific
promoters. The numbers above the genetic map based on DT-A coding sequence (Genbank
access no. X00703} indicate the nucleotide positions where the intron 1s mserted. (b} Barnase
gene inserfed with SV40OLT antigen intron and fused in-frame with GFP gene. The nambers
above the genetic nap are based on barpase coding sequence (Genbank access no. M14442),
amd mdicate the nuclectide posttions where the intron is inseried. {c} DT-A and barnase genes
without miron msertion.

The detatled sequence of barnase coding sequence comprising the SVAULT antigen
tmtron is as follows.
ATOGCACAGuiatiigeticticetiaaatecigptptigatpeantgiacigeaaacantguectgagtotgcanagaaaatpictgct
aacigeatatgetigaiptecitacigaggaipaagealgaaaatagaaaatiatacagpaangatccactigtgtpputigatigetactpett

cgattgctitagantgigattiggactigaicitigigang gancctiactictglggtoteacataatiggacaaactacciacagagatitaaa
gcictaaggiaaatataaaattittaagigiataaigtgtisaaciacizattciaatigtipintattitagGTTATCAACACGTTTG
ACGGGGTTGCGCATTATUTTCAGACATATCATAAGCTACCTGATAATTACATTACAA
AATCAGAAGCACAAGUCCTCOGCTGGGTGGUATCAAAAGGGAACCTTGCAGACGTC
GCTCCGGGOAAAAGCATCGGUCGGAGACATCTTCTCAAACAGGGAAGGCAAALTCC
AGGOCAAAAGCGCGACGAACATGGUOTOAAGCGOGATATTAACTATACATCAGGUITC
AGAAATTCAGACCOGOGATTCTTTACTCAAGCGACTGGUTGATTTACAAAACAACGGA
CCATTATCAGACCTTTACAAAAATCAGAATOGTCGAGCAAGQGGC (SR ID NGO 40y
Fused with GFP, the added sequence is---GFP-—- GAGCTGTACAAGTAA (SEQ 1D NO: 41).

EXAMPLE 4

This example illustrates structure and construction of plasmid pFB-CMV-Bar-GFP
comprising a CMV promoter operably hinked ypstream to a barmase coding sequence fused in-
frame with a green fRuorescent protein (GFP) coding sequence (FIG. 8).

To construct pFB-UMV-Bar-GFP (F1G.8), barnase coding sequence (GenBank access
no, M14442} was amplified from plasid pF 1A-TY (Promega, Madison Wi wath forward
praner 3 -CCOCGAATTOGCCACCATGGUACAGGTTATCAAC-3 (SEQ ID NO: 9) (italic
typelace indicates restriction site for EcoR1} and reverse primer 5°-
TGCTCACCATTCTCATTTITGTAAAGGTCT-3 {(SEQ 1D NO: 14}, The GFP coding
sequence (GenBank access no. US3762) was amplified from pFB-GFP plastnd with forward
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primer S-CAAAAATCAGAATOGTGAGCAAGGGUGAGG-Y (SEQ 1D NO: 1) and reverse
primer 3 -GOGGGGGTACCTCATTACTTIGTACAGCTCGTCC-3 (SEQ ID NO: 12) (#talic
typeface indicates restriction site for Kpol). A second round of PUR was performed (o fuse
Barnase coding sequence with GFP coding sequence together using forward primer §7
CCOGAATTOGUCACCATOGCACAGGTTATCAAC-Y {(SEQ 1D NO: 13) and reverse primer
SGGGOGGGTACCTCATTACTTGTACAGUTCGTCC-3" (SEQ ID NO: 14}, The fused PCR
fragment was digesied with restriction endonuclenses EcoRI and Kpnl and tigated 1o the EeoRl
and Kpal sites of pPFB-CMV-nDTA (hGH) to replace the DT-A sequence and create pFB-
CMV-Bar-GFP.

DNA sequence of a barnase gene used in this example (GenBank access no. M144421 i
ctggaagacgicacatigeitccgeatateggatengeaacgactaaaniccgeitgaatatgticacacaagecgotcaanacatgatigac
googiatacgpaagaacEccpaanaacciaciaaggantticaataagaogaanatcccpaligaticagegpegtitatititogctag
alaaaaagtactatiittaaatictticiaticotiictite gligetgatacaniganaagpasicageticacatpatgasaatggeagatatipet

tiganaagacgatiatcgiggatiicegtiigtitactggipctigictecgegpeggggatgcigtiticaacageigecaaaacgganacate

ey

%

totcacangecacacacagasgeacagstinicaacacgiitgacpoonttoce eatigtcticagacatateataggctaccigatastiac

Ded A

atlacaaaatcagaageacaagoccicgeoizgsigpcaleaasagpRaacC i geazacRIcLCICCE SEEARARLCALCRCEEag

acatcitelvaaacagggaagecaraciceorpanaauc geac gascaigecsigaagogpatatiaactalacaleag goticagaa

atteagaccggaticiiacteaneegactgaciontitacaanacaacpaccatiaicapaccitiacaananicagataacgasanaane

Pociees

gecticcetgeggagecogiititticageiftacataagelgisiaataaatitticticanactetzatcggicaatttcactis (SEQ 1D
NQ: 15).

The DNA sequence of 8 GFP gene used in this example 18
tagitatiantaglantcaatiacggeetcattagiciapoecatatalggag o SORIACAIARCHAC R IR BLACCCECCIERTIY
acepeocaacgactecegeeeatizacgicantantzacgiatzitceeatagtaacpccaatagggactiiccaitgacgicantppgiee

fach el

agtatttacgetanactgeccactiggeagtacatcangigtatcatatgecaagtacgececctatigac gleaatgacgeiasaiggeceg

colggoatiatgeccagiacatgacctiatgggactifectactigpeaglacatclacgiatiagicalcgetatisccatgmigatgcgatifie

geaptacatcanigggceligenageegtiigactcacgpp patticeanglcteccaccecuitzacpicaaipggagitgiitepenccs

fvi i)

aaatcaacgggactitecaaaatgicpiaacaacicegeoceatigacgcaaalgggogptagpegiglacpatigegasstctatataage
agagclgetiagigancogicagalecgotagegclactggacteagatcicgagoicaagoticgantictgoagticgacegtaceacy

rovcogReateccaceggicgecacerigglipagonagercgarengeigticaccggosipatococpiceiggicgagoipgoncey

t‘m

cpacpiaaaceeccacaagiicazegiglocpecgagucgazsgrgatgecacciacggeagcigaceeigaagifcatetigcace

s O

accggoaageigeocgtgeocigpoccacectiegtgaccacecigaceiacggegtgcagigaticagecgciacocogaciacatyaa
geageacgaciicticaagicegecatgecegaaggetacgiccaggag geaceaiciiciic aaggacacyecasciacaagaccey
cgeogagatgaagticgagggogacaceciputgaaccgeaicgagcizaagepcatogacticagggagpacggeancalocigge

roacaagcigzaglicaactacaacagecacaacgictatalcatgaocacaageagaaganc geeaicaagsigaacticaagatoe
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pepacaacatogagRacy

=

£OARCEIRCIZCICRCC GALCACTICCHZCALARCALCCOCHMC R RO AL EECCOCIgCIEctRecey

geogeeatcaciclcpgoatggacgagelgtacasgiaaapogecegopaciciagateataateagocalaccacatitglagaggitita

ctigeiitagagaaccicecacaociececctgaaccigaaseaiasanigasigeaatigtigiigtiaaciglttatigeagetiataatggtia
casataaageastageaicacanatitcacaaaianagcatiitittcacipeaticlagtigtpptitpiccanacicatoanigtaictiaagpe
glanatigiangcgtiaatatttigiiaaaaticgoptiaaatiitipttanatcageticattittianccaataggeegasateggeaaaaicectia

taaalcaasagaatagaccgagatageettgaototisticcaghitg paacaagagiccactalisaagaacgiooaciecaacgicanag

presuleoht o hlgie Lot =t Pedloe pre. frelpe ey
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R iy i i
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b= =
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cgecagtaaanagacaghataanaegeacgaiptizooicatiighicatagacecepopticggicocageacigpcacicigiceatac

AT LA AL

CCCRCCEY

caceecatigpoovcagiacgecoggticticeiiececaococancevecaagticgpgioangacocaggacicgs

rr-

gotgaagatlcciitigataatcloatgacoaaaatocciiaacgigagitticgticoatigagogicagaccicgingaaaagatioaangea

teticitgagatectittttictgegegianictpetgctipcanacaqnaaaaceaccgetaceagegaiggittptitaccpyaicaagagcia

o

cepacictititcegangetaaciggeticageagagegeagitaccaaatacigloctictagigtagecglagiaggecaccacticaaga

b=

actetgtageaccgoeiavataccicgoicigetaniceigtiaceagtgecigetgecagigpegataagicptaictiacopgatiggacte

S
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aggacgataghaceg grlar e gCagCaICEERIRNACE S AL e O EIECACHCRECCLARCHE RIZCRRACLACTIRCALE

gaactragalacotacagegteagotatpagagagegocaegtivecaagepapasagpcecacagetatecggtaagcageagy

glcgpaacaggagapcgcacgaggeageticeaggeegaaaccctggtatctitalagtecigtoggatiicgccaccictgactigage
glegattitigteatgcicgicagggegecegagccialggaaaancgecageaacgeggecttitiac scg cotggectittpctggectit

EXAMPLE S

This example Hlustrates structuve and constraction of plasnad pFB-CMV-InBar(SV40}-
GFP, which comprises a CMY promoter operably linked upsiream o a barnase coding sequence
that has an inserted SV40 large T antigen intron {SV4D) and 15 fused in-frame with a GFP
coding sequence (FIG. 9y

To insert the SV40 large T antigen intron mito barnase and construcet pFB-CMV-
mBar(SV403-GFP {(FIG.9}, a POR method was employed. The §™-portion of the bamase coding
sequence together with a full-length SV40 farge T-antigen ntron was PCR amplified from a
SV40 plasmid (pUCSV40-BIE, ATCC, Manassas, VA) with forward primer 57~
CCCCGAATTCGCCACCATGGCACAGGTATTTGCTTCTTCCTTAAA-Y {(SEQ ID NO:
173 (eadic tvpeface indicates the EcoRI restriction sie; bold tvpeface indicates SV40 large T-
antigen intron sequence) and reverse primer S'-
TOGTTGATAACCTAAAATACACAAACAATTA-SY (SEQ 1D NO: 18) (bold typefuce
indicates SV40 large T-antigen mtron sequence). The 3 '-portion of the barnase coding sequence
together with GFP coding sequence was PCR amplified with forward primer 37~
TGTATTTTAGGTTATCAACACGTTTCGACGG-3 (SEQ D NO: 19) (hold typeface
indicates SV40 large T-antigen intron sequence), and the reverse primer 5~
GOGGGOTACCTCATTACTTGTACAGCTCGTOC-3™ (SEQ 1D NO: 20) with pFB-CMV-
Bar-GFP as template A second POR was performed to join these two PCR fragments together
with the forward primer 5°-
CCCCOAATTCGUCACCATGGCACAGOTATTTGUTTCTITCOTTAAAY (SEQ ID NO: 2D
and the reverse primer 8 -GGQGOGGTACCTCATTACTTGTACAGCTCGTCC-3 (SEQ ID
NQ: 22} The joined PCR fragment was digested with restriction endonucleases EcoRY and Kpnl
and ligated 1o the EcoRI and Kpnl sites of pFB-CMV-inDTA (hGH) to replace the DTA
sequence and create pFB-CMV-inBag(SVAN-GFP.

EXAMPLE 6
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This example iustrates structure and construgtion of plasnud pFB-hTERT-nDTA
(hGH) which comprises a buman telomerase reverse transcriptase promoter {hTERT) operably
linked upstream to a DT-A coding sequence with an mserted human grow hormone intron {FIG.
103,

To construct pFB-hTERT-mDTA (hGH} (FIG 10}, hTERT was smplified using PUR
from genomic DNA purified from haman embryonie kidney HEK293 cells with forward primer
S-CCGCACGUGTATCATCAGCTTTTCAAAGAC-3” (SEQ 1D NO: 23) (#alic typeface
ndicates restriction site for Miol} and reverse primer §'-
COLGICOGGTCGCTOCCTCAAACTCGUGCE-3 (SEQ 1D NO: 24} (hafic typelace
incdicates restriction site for Agel}. The PCR fragment was digesied with Mbd and Agel and
hgated to the Mial and Agel sites of pFB-CMV-mDTA (hGH} to create pFB-hTERT-nDTA
{(hGHY.

EXAMPLE 7

This example Hustrates structure and constraction of plasmid pFB-hTERT-GFP (hGH)
which comprises a human telomerase reverse transcriptase promoter (WTERT) operably linked
apsiveam o a green fluorescent protemn (GFP) coding sequence {FIG1LL

To constract pFB-hTERT-GFP, pFR-UMV-GFP was digested with resiriction
endonucieases Kpnl and Agel to ramove the CMVY promoter, and pFB-hTERT-inDTA (hGH}
was also digested with the same resiriction enzymes to release a fragment comprising the
HTERT promoter. This fragment was lgated into the digested pFB-CMV-GFP (without the

CMB promoter) to generate pFB-BTERT-GFPs.

EXAMPLER

This example illustrates prodaction of recombinant baculoviruses.

In these experiments, toxin-coding sequences with or without intron inferruption were
cloned into the pFastBac shuttle plasnud as deseribed in Example 3. Schematic depiction of the
expression casseties ave shown in FIG. 3. The resultant pFastBac plasnuds were used 1o
transfonn DHI10Bac competent bacteria and bacid DINAs from white colonies were prepared.
The bacnnd DNAs werg used o produce recontbinamy bacuoviruses as described above. The
results, as Hhastrated in FIG, 12, show that so recombinant bacudovirus could be generated from
the bacnud DNAs containing the DT-A or barnase ORFs without intron insertion, whereas
normal levels of recombinant baculoviruses were generated and amplified from the bacoud
DNAs containing the DT-A or barnase ORFx interrapled by the manmnalian introns. The fathae
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o generate recombinant baculovirus with bacnid DNAS contatning the toxin genes withowt
intron interraption demonsirates that DT-A or barnase is lethal to the insect cells even though
the toxin genes were under coutrol of the UMY promoter (not an insect promoter). On the other
hand, the suecessfid generation and amphification of recombinant baculovirases from bacmid
DNAs containing intron-interrapted toxin genes mdicate that both the hGH and SV40LT introns
were not sphiced in insect cells and therefore no toxing were produced due to the interruption of
the DT-A and barnase ORFs.

FIG. 12 shows the genevation of recombinant baculoviruses in S cells by transfection
with Bacmid DNA (A & C), and amplification of the recombinant baculoviruses in S cells by
mfection (B & D).

In these expeniments, baculovirus titers were deternmned from sapernatants harvested 4
days post transfection or 3 days post amplification, CMV-aDTA (hGH), recombinant
baculovirus harboring DT-A coding sequence comprising human growth hormone intron {hGH)
under control of CMV promoter; CMV-GEP, recombinant baculovirus havboring GFP coding
sequence under control of CMV promoter: CMV-Bar-GFP, recombinant baculovirus harboring
barnase coding sequence fused in-frame with GFP; CMV-inBar (SV403-GFP, recombinant
bacaloviras harboring Barnase coding sequence comprising the SV40 large T-antigen intron and
fused in-frame with the GFP coding seguence; CMV-inDTA (hGH), recombinant bacudovirus
control of CMY prometer; CMV-GFP, recombinat baculovirus harboring GEP coding
sequence under control of CMV promoter: CMV-Bar-GFP, recombinant baculovirus harboring
barnase coding sequence fused in-frame with GFP; CMV-inBar (SV403-GFP | recombinam
baculovirus harboring Barnase coding sequence comprising the SV40 large T-antigen intron and
fused in-frame with the GFP coding sequence. Note production of recombinant baculovirases in
insect cells to titers of about 4.4 x 10" pfadmi following transfection with CMV-inBaR (3V40)
GFP, or sbout 9 x 10 pl/ml following ransfection with pCMV-inDTA (hGH), and production
of recombinant baculoviruses in insect cells fo titers of about 6.1 x 10° phwvm! following
infection with CMB-~inBar (SV40)-GFP, or aboat 1.2 x 107 phuim! following infection with
aither CMV-nDYTA (hGH) or CMV-GFP.

EXAMPLE®
This example, Hustrated in FIG. 2, demonstrates the geveration of vecombinant

haculoviruses carrving DT-A coding sequence comprising an infron,
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Inn these experiments, recombinant baculoviruses were penerated according to
manufacturer’s protocols (lnvitrogen). Briefly, the plasmids were respectively diluted into
Ing/ul in TE butfer and 2yl of each diluted plasnud was transformed into DH10Bac competent
bacieria. After 48-hour incubation, white colontes were picked and miniprep Bacmid DNAg
ware prepared. The miniprep Bacmid DNAs were respectively translected into SI9 cells for 4
days. Cytopathic effect {TUPE) was observed for S9 cells transtected with bacmids carrving the
DT-A gene comprising of the intron, whereas no CPE was observed for S1¥ cells transfected
with bacmids carvving the DT-A gene regardless of whether the Tet repressor expression
cassetie is present or not. These resulls indicate that any cells ransfected with Bacnud canrving
DT-A toxic gene was killed off and no recombinant baculovirus was generated and so CPE was
observed. Supematants from all the transtected S cells were harvested as baculovirus stocks
and baculoviras ters were determined with quantitative real-time PCR method using primers
corresponding to the baculovivus gp64 gene. The recombinant bacaloviruses from those showmg
apparent CPE were amplified and gters were determuned. To determing the titer, recombinant
baculoviruses were respectively diluied in 2x TE buffer, and heated at 95°C for 3hmin o break
the viral particles and release viral DNA molecules. After cool down io room temperature, the
baculoviral samples were diluted with QPCR dilution bufler and assayved with QPCR method
with forward primer S-CCCTCTGTGTACTTGGCTCTAACG-3" {SEQ 1D NO: 25) and
reverse primer S-COGTCGAAACGCAAAGTCGAGCACCG-3{SEQ ID NO: 26). The QPCR
titers {zenome copiesmi) were converted to plague formung undts {plw'ml) by dividing with a
factor of 20 (empirically determined}. The baculovivus titers are shown in the Table 1 below,
andd FIG. 12, The resulis demonstrate that recombinant baculoviruses carrving the DT-A gene
comprising the human grow hormone miron or the Barnase gene comprising SV40 large T-
antigen intron can be generated to high titers, whereas no recombinant baceloviras was
generated from bacouds carrving the DT-A gene or the Barnase gene without an intron insertion.
The successful peneration and anplification of recombinant baculoviruses containing the intron~
mterrupted toxin ORFy indicate that the manunalian introns were not spliced i insect cells.

Although 11 not an isect promoter, CMV promoter has some activity iy insect cells
and 15 able 1o drive fow level of bemagghdinin expression {He, F, et al., #MC Micenbial 8 23§,
2008). This low level of promoter activity could drive some basal expression of DT-A, which
killed any insect cells that express the toxin. No recombinant bacalovicus could be produced
from bacamd DNA contamning the DT-A ORF flanked with loxP sites in an antisense direction to
the CMYV promoter, mdicating that even cryptic promoter TATA-like sequence of the loxP site
was able to duve trace amount of DT-A expression that can kil the msect cells. The same
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phenomenon was observed for the bamase gene, in which recombinat baculovirases could he
generated only when ts ORF was interrupted by the SV40LT antigen ntron (FIG. 12¢3,
indicating that barnase is also toxic to insect cells. On the other hand, the successful generation
of recombinant baculovivuses harboring the intron-interrupted DT-A or the barnase-GFP genes
indicates that hGH and SVAOLT antigen introns were not spliced in the insect cells and DT-A
and barnase-GEP expression was totally abolished by this intron-interruption.

Table 1. The titers of recombinant baculoviruses determined by QPCR method

Sample | Description Titer
{phumb)
| Negative control, supernatant harvested from S cell culture LAES
2 Bac-UMV-DTA, supernatani harvested 4 davs post iransfection 1.9E+3
3 Bac-CMVietO-DTA-p10-TetR, supernatant harvested 4 days post R3E+4

fransfection

4 Bac-UMV-inDTA, supernatant harvesied 4 days post transfection 95E+7
5 Bac-CMVitQ-imDTA-p10-TetR,| supernatant harvested 4 days post | LIESR

ransfection

6 Bac-CMV-mDTA, supernatant harvested after one round of 12E+9

amplification

7 Bac-CMVietO-mDTA-p10-TetR, supernatant harvested after one QTE+R
round of amplification
8 Bac-CMV-GEP {comirol}, one round of amplification 1.2E+9

EXAMPLE 10

This example iHustrates splicing of the itrons from the loxin ORFs cartied by
recomnhinant baculoviruses and expression of the toxin proteins 1 mammalian cells.

In order to deternune if the introns inserted i the toxin ORFs could be sphiced out in
mammalian cells, recombinant baculoviruses harboring the intron-interrupted DT-A or barnase
genes were used to transduce into HEKI93 cells. The cell morphology was examined and
photographed 2 days afler the transduction.

In these experiments, human HEK 293 cells were cultured in DMEM media
supplemented with 10% FBS and 100 uniis'md of penwcillin and 100 pg/ml of streptomycin
{Invitrogen, Carlsbad, CA)Y until confluent. The cells were then trypsinized and plated i 24-well

plates at 1.5e+3 cellfwell in the serum-containing media. After growing overnight, the media
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were removed and replaced with 250u! media plus 2501 recombinant baculovives, or 4004l
miedia plus 100! recombinant baculovirus. A negative control was performed in the same way
except that S19 cell culture media were used.

FIG. 13 presents genetie and transcriptional maps of representative recombinant
baculoviruses carrving a DT-A gene comprising a human growth hormone iniron, and a harnase
gene comprising a SV large T-antigen mtron and fused in-frame with GFP. Upon mntroduction
into a mammalian cell, manwe DT-A mRNA or Bar-GFP mRNA is formed through intron
splicing and translated fute fully fonctional DT-A or Barmase protein to kil the cell. The
nambers above the genetic maps based on PT-A and Baronase coding sequences indicate the
nucieotide positions where the introns were inserted.

In these expenments, following introduction of a bamase gene comprising an intron into
manunahian cells and mcubation for another 3 days, the cells were examuned under microscope
and CPE of the cells was recorded. Results are shown i Table 2 and FIG. 14, FIG. 14 tlustrates
the killing effects on mammalian (human embryonic kidney HEK293) cells by wansduction with
recombinant bacudoviruses harboring toxic genes for 48 hours. A, B, and C: representative fields
photographed with a 20x objective lens under bright field ilumination using a fungsten hight
source. D7 Same field as i C, imaged by fluorescence ilumination using a filter combunation
with excitation and transmission wavelengths sustable for GFP {luorescence . A, Bac-CMV-
mbDTA (hGH); B, Bac-CMV-inBar (SV40)-GFP; C, Bac-CMV-GFP, D, same image as £
showing GFP expression . The results in FIG. 14 show that recombinant baculoviruses carrying
either intron-interropted DT-A or barnase genes cansed fragmentation of HEK293 cells, a
typical sign of cells underpoing apoptosis, whereas recombinant bacnloviruses carrying GFP
gene did not canse this fragmeniation. In the 293 cells wransduced with baculovirus carrving Bar-
GFP, very faint GFP expression was observed {data not shown). Whether transduced by 10(hd
or 250ul of the recombinant baculovivuses carrving the DT-A gene comprising the hGH intron,
or it barnase gene comprising a SV40 large T-antigen intron, most of the HEK 293 cells were
reunded up and loosely detached, displaying heavy CPE, whereas all HEK 293 cells transduced
with recombinant baculovirus carrying GFP did not show any sign of CPE and were growing as
well as the negative control. These resulis demonstrate that s nmanwoahan HEK293 cells, the
ntrons (hGH intron or SV40 large T-antigen intron) were spliced oul and DT-A mRNA o
barnase-GFP mRNA were formed and translated, so that the host cells expressed functional DT-

A or Barnase-GFP-fusion protems, thereby killing the host HEK293 cells,

Table 2. Expression of DT-A in human HEK293 cells through baculovirus transduction
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Sample | Description Volame added {ul) UPE observed

i ESFU21 media HiE -

2 ESF921 media 256 -

3 Baculovirus Bac-CMV-GFP 100 -

4 Baculovirus Bac-UMV-GFP A5G -

s Baculovirgs Bac-CMV-mDTA 100 Ak

& Baculovirys Bac-UMV-mDTA 250 S

7 Baculovirus Bac-CMViet(O- 160 At
mPTA-pio-TetR

8 Baculovirus Bac-CMVietO- 250 oy
mDTA-piQ-TelR

EXAMPLE 11

This example thustrates prodaction of AAV vectors harboring the {oxan ORFs ininsect
cells.

In these experiments, the production of AAY vectors carrving the DT-A gene comprising
the haman growth hormone intron or the Barnase gene comprising the SV4U large T-antigen
intron and fosed in-frame with GFP geve m insect cells {FIG. 15, FIG. 16). FIG. 15 illostrates a
method of producing AAYV vectors carrving a DT-A gene comprising the human growth
hormone intron or the barnase gene comprising the SV40 large T-antigen intron and fused in-
frame with GFP gene i msect cells that carries a stably integrated AAV-transgene. FIG. 16
sllustrates genetic and iranseriptional maps of representative AAY vectors carrving a IDT-A gene
comprising a human growth hormone miron, or a Barase gene comprising a SV40 large T-
antigen intron and fused in-frame with the GFP gene. The numbers above the genelic maps
based on the DT~A coding sequence and the Barnase coding sequence mdicate the nucleotide
positions where the introns were inserted.

AAY vector production was performed i 819 cells with the recombinant baculoviruses
harboring intron-interrapted toxin ORFs, The recombinant baculoviruses were ased (o co-infect
S cells with a second recombinant baculovirus expressing AAV Rep and Cap genes for 3 days
and AAVY vectors were purified and titrated. The resulis in Tables 3 and 4 show that very similar
vields of AAV vectors carryving ihe intron-inferrupled toxin ORFs were produced as compared 1o

AAV vectors carrying just the GFP gene.
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In these experiments, SI9 calls were grown 1o about 1E4Y cells/ml in ESFO21 mediy
{Expression Systems, CA} supplemented with 100 untts/mi of penteithin and 100 pg/ml of
streptomycin. The cells were then diluted 1:1 with fresh media and infected with 10moi of Bac-
RepCap® and Smoi of Bac-CMV-inDTA or Bac-UMVietO-inDTA-plO-TatR for 3 days. The
call pellets were harvested by centrifugation at 2000rpm for 10mmn. and lysed in SFY lysis buffer
{(S0mM Tris-HCL pH 7.4, 2mM MeCly, 1% sarkosyl, 1% triton X- 1K, 125anits/ml of
benzonase), Cellular DNA was digested by meabating a1 37C for 60min. Cell lysates were
cleared by centrifugation at 8000rpm for 30min. and loaded onto an SW28 centrifuge tubes
containing S mi of 1.55g/ce, and 10 mi of 1.32g/ce of CsCl sohutions. After centrifugation at
28,000 rpm for about 16 hours at 157°C, the rAAV-containing fraction was collected by
puncturing the centrifuge tube using 3 syringe needle and subjected 10 a second round of CsCl
ultracentrifugation. The rAAV-contatning fraction was collected again by punciuring the
cenirifuge tube using a syringe needle and dialyzed in PRS boffer to remove the salts and
detergents. Vector titers were determined by quantitative real-time PCR assay according o
manufacturer’s protocol {Applied Biosystems, Foster City, CA). The resulis, presenied in Table
3 and table 4, show that high titers of tAAV vectors carrying the toxic DT-A gene can be
produced 1 SV cells using the recombinant baculovirus that carmies the DT-A gene comprising
an ntron with or without et suppression, mdicating that the insertion of an tntron 13 required for

AAY vector production.

Table 3. Production of AAV vectors carrying DT-A gene

Sample | Description Total yield {vgititer Relative
cutiyre) vield (%)

i AAVO-CMV-GFP (control vectory | 6.63E+14 HEY

2 AAVACMV-nDTA (hGH) 7.53E+14 114

3 AAVE-CMVitO-mDTA S32E+14 g

Table 4. Production of AAVY and AAVZ vectors carrving the DT-A gene comprising the haman

srowth hormone pstron or the Barnase gene comprising the SV4¢ farge T-antigen intron

Samyprie | Description Total vield {vediter calture)
i AAV-UMV-GFP (conirol vector) H63E+14
2 AAVHO-CMV-anDTA 753E+14
3 AAVI-CMV-GFP (hGH) (control vectory | HISE+IS
29
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4 AAVZ-OMV-mDTA (hGH) FISE+LS
5 AAV2-UMV-nBar(SV403-GFP 6 S8E+14
6 AAVZ-hTERT-inDTAGH) B30E+14

These results confirm that the manunabion introns were not functional in insect cells,
which resulied m the successfud production of AAY vectors that carry the introw-inierrapted
toxin ORFs. Tn addition, both AAVZ and AAVY vectors were produced at similar vields,

wndicating that this AAV vector production was wmversal and 3ot sevotype specific.

EXAMPLE 12

This example stlustrates non~specific killing by AAV vectors containing DT-A under
control of CMV promoter.

Stnce recomvbinant baculoviruses harboring the intron-interrapted toxin genes were able
to kill the mammalian cells through transdaction, we exanined whether the AAV vectors
harboring the toxin genes could also exert the killing effect on HEK293 cells. To test thas
possibility, HEK293 cells were plated on 24-well plates overnight and transduced with the
AAVZ and AAVS vegtors, The resulis show that after tramsduction for 48 howrs, the HEK283
cells transdirced with exther AAVY or AAVY vectors carrying DTA or barsase gene displayed
fragmented cellular morphology, a typical phenomenon of cells undergoing apoptosis. In
contrast, there was no sign of apoptosis in the cells transduced with AAVZ or 8 vectors carrying
the GFP gene {data not shown). These results demonstrate that the introns were sphiced out from
the toxin coding sequences to form mature mRNAs and the mRNAs were transhuted into toxin
proteins that killed the HEKZ293 cells. Since AAVZ exhibuts much better in vitro transduction
efficiency than AAVY, it was chosen for further in vitro experiments. & cell proliferation assay
was performed on HEK293 cells to further confirm the cell kilhing effect and the results are
shown in FIG. 174 The HEK293 cells transduced with AAVZ-OMV-nDTA (hGH) were
mhibited with no signs of growth, whereas the cells transduced with AAV2-CMV-GFP grew as
well as the antreated ones. Further, a cell viability assay was performed (o venfy the cytotoxicity
of AAVZ-OMV-inDTA (hGH) on Hep3B cells. The resulis are shown in FIG. 17h. A wice dose-
response curve was observed. With the decrease of AAVY vectors carrying DTA, the cell
viability increased, whereas there was essentiatlv no change of cell viability for AAVI-CMV-
GFP {reated cells.

FI1G. 17 illustrates the killing effect of AAVZ-CMV-inDTAGH) on mammalian cells.
{a) Probiferation of 293 cells wansduced with AAV2 vectors, The cells {1.3E+5cells/well) were
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seeded i a 24-well plate overnight and transduced with AAVZ-CMV-mDTAWGH), or AAV2-
CMV-GEFP. The cell mumbers weare counted at different tine points. When they regched
confluency, the cells were split into a larger culture areas and let grow. (b} The viability of
HepiB cells vansduced with AAV2 vectors. Hep3B cells (3. 2E+4cells/well) were seeded in a
S6-well plate overmight and transduced with a 4-fold serial dilution of AAVZ-CMV-GFP, or
AAVZ-OMV-inDTARGH)}. The cell viabihty was deternuned with CeliTiter Glo Luminescent
Cell Viability Assay Kit (Promega).

FIG. 18 ltustrates the kithing effects on haman HEK293 cells by transdaction with AAY
veciors harboring toxic genes for 48 hours. The images were photographed with 20x lens under
turgsten Hghting (A, B, and O or Duorescent lighting (D). A, AAVZ-OMV-inDTAGGH), B,
AAVI-OCMV-mBar(SV4A0)-GFP; C, AAVI-CMV-GFP; D, same mimage as C showing GFP
EXPression.

In these experiments, HEK 293 cells harboring an AAV with OMV-inDTAGGH) or
CMV-inBar(SVA0-GFP were rounded ap and loosely detached, displayving heavy CPE.
However, all HEK 293 cells transduced with recombinant baculovirues carrying GFP did not
show anyv sign of CPE, and were growing as well as the negative control. These resulis
demonsirate that m these mammahan cells, the introns (hGH wtron or SV40 farge T-antigen
miron) were spliced out and DT-A mRNA or barnase-GFP mRNA were formed and translated,
and the host cells expressed functional DT-A or Barnase-GFP-fusion proteins, thereby kulling
the host HEK293 cells.

EXAMPLE 13

This example ilustrates production of an AAY vector comprising DT-A gene with the
reading frame interropted with an intron, under the control AFP enhancer and promoter
SE(UEnCes.

In these experiments, the luman AFP enhancer and promoter sequences were both PCR
amplified from genomic DNA punified from human embryonic kidney HEK283 cells. The AFP
enhancer was amplified with forward primer 5°-
COGCACGOGTUTTAGAAATATOGGOGTAGGGUTGG-3 (SEQ 1D NO: 27) {dafic typeface
ikicates restriction site for Miul) and reverse primer 5°-
CTCAAACTCTAGTOGGCCTGGATAAAGCTGAGTG-3(SEQ 1D NO: 28). The AFP
promoter was amplified with forward primer §°-
CTTTATCCAGGUCACTAQGAGTTTGAGCAGAATATTIG-3 (SEQ ID NO: 29} and reverse
primer S-ACTTACCTGACCGGTTGCTAGTTATTTTIGTTAT-3(SEQ ID NO: 38}, The two
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PCR fragments were joined together by a second PCR amplilication with the forvard primer for
the AFP enhancer and the reverse primer for the AFP promuoter as described above. The final
PCR fragment was digested with Mlud and Agel and lgated to the Mlul and Agel sites of pFB-
CMV-inDTA (hGH) o replace the CMV promoter and create pFB-hAFP-nDTA (hGH).
AAVZ-hAFP-1aDTA (hGH)Y was produced in msect cells by methods descrihed herein to

ater of 1LO9E+1S

FXAMPLE 14

This example ilusirates production of an AAVY vector comprising DT-A gene with the
reading frame interrapted with an iniron, under the control the human swrvivin {SURY)
PrOMOIET Sequence.

In these experiments, the lwman survivin (SURV) promoter seguence was PCR

forward primer S -GGGGACTAGTCTGOCCATAGAACCAGAGAAGTGAY (SEQ 1D NOx:
A1) (iradic typeface indicates restriction site for Spel} and reverse primer 57~
TTTTLCOGGTICCACCTCTGCCAACGGGTCCCGCG-3(SEQ ID NO: 32) (ualic tvpelace
incdicates restriction site for Agel}. The PCR fragment was digesied with Spel and Agel and
ligated to the Spel and Agel sites of pFB-CMV-inDTA (hGH} to replace the CMV promoter and
cregte pFB-RSURV-inDTA (hGH).

AAVZ-RSURV-inDTA (hGH)Y was produced m msect cells by methods describad heredn

to a titer of LAIE+15 ve/hter cubure.

EXAMPLE 13

This exarple ilostrates prodaction of an AAV vector comprising DT-A pene with the
reading frame imterrupted with an intron, under the control the fnoman cvelooxyvgenase-2
{COX2) promoier sequence.

In these experiments, the human cvclooxygenase-2 (COX2) promoter was PCR
anplified with genomic DNA purified from buman embryonie kidney HEK293 cells with
forward primer §-GOCCACTAGITGAGGTACCTOOTOTAGTTT-3" (SEQ 1D NO» 33) (dalic
tvpeface indicates restriction sie for Spel} and reverse priver §'-
ATATACCGHTCAGUOGCGGOCAGGOUOCGG-3 {SEQ 1D NQ: 34 {iradic tvpeface
mdicates resiriction site for Agel}. The PCR fragment was digesied with Spel and Agel and
ligated to the Spel and Agel sites of pFB-CMV-inDTA (hGH} to replace the CMYV promoter and
creaie pEB-hCOX2-mDTA (hGH L
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AAV2- hCOXZ-nDTA (hGH) was produced in insect cells by methods described herein

toa titer of 2.22E+13 veiliter culture.

EXAMPLE 16

This example illusirates production of an AAY vector comprising DT-A gene with the
reading frame interrupled with an intron, under the controt the haman cholecystokinin type-A
recepior {CCKAR) promoter sequence {Takata, Y., et al, I Gastroenterol. 37; 815-820, 2002).

In these experiments, the human cholecystokinin type-A receptor {CCKAR) promotet
sequence was PCR amplified with genonue DNA purified from human smbryonic kidoey
HEK293 cells with fonward primer 3 -GCCCACTAGTACCCAGGTACCTATOTTCAAAAG-Y
(SEQ 1D NO: 38) {frddic typeface indicates restriction site for Spel) and reverse primer 57~
GEGCACTCGGITTOQUCTGUTGCTTTCCACTCAAG-3 (SEQ 1D Ny 36} Uralie typelace
mndicates restriction site for Agel}. The PCR fragment was digested with Spel and Agel and
ligated 1o the Spel and Agel sttes of pFB-CMV-nDTA (hGH) to replace the CMV promoter and
create pFB-hCCKAR~-nDTA (hGH).

AAV2- hCCKAR -mDTA (BGH)Y was produced i insect cells by methods described

herein o a titer of 1.96E+14 vefliter culture,

EXAMPLE 17

This example llustrates production of an AAV vector comprising DT-A gene with the
reading frame intervupted with an intron, under the control the buman CXCR4 gene promoter
sequence (Carnz, M| et al, FEBS Letters, 4207 271278 1998).

In these experiments, the human CXCR4 promoter sequence was PCR amplified with
genomic DNA purified from human embrvonic kidney HEK293 cells with forward primer 37~
GOCCHCTAGTTACCGACCACCCGUAAACAG-3 (SEQ 1D NO: 37) {iralic typetace
indicates restriction site for Spel) and reverse primer '~
GCGCACCGEIGTAACCOGCTGOTTCTCCAGA-I (SEQ 1D NO: 38) {dwfic typeface
wdicates restriction sue for Agel). The PCR fragment was digested with Spel and Agel and
tigated to the Spel and Agel sutes of pFB-CMV-nDTA (hGH) to replace the CMV promoter and
create pFB-BOXCR4-mDTA (hGH).

AAVZ- BCXCRA-inDTA (hGH) was produced in insect cells by methods described

herein to a titer of L RIEHIS vo/liter culture.

EXAMPLE I8

L
L
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This example iHustrates tumor-spectfic killing by A&V vectors cavrying DT-A under
control of tumor-specific promoters,

In these experiments, cells weare seeded on 24-well plates and transduced with AAVZ
vectors carrying DT-A under control of various hamor-specific promoters as described above.
The results indicate that neurchlastoma BE(23-M17 cells were killed by D'T-A under control of
HSURY or hCXCR4 but not hBAFP promoter, whereas hepatocellular carcinoma Hep3B and
Hep(2 cells were killed by DT-A under control of either AFP, SURV, or CXCR4 promoters.
The normal human tung cell line WIZR was sot affected by DT-A under controt of AFP, SURV,
or hTERT promoter. FIG. 19 illustrates representative results of celf killing by AAVZ-hSURV-
WD TAGGH). In these experiments, the cells were seeded in 24-well plate and transduced with
AAVI-OMV-GFP {a), {c), {e), and (2) or AAV2-hSURV-inDTAGH) (b}, (). (). and (h).
Photographs were taken 3 davs post transduction. (8) & (b}, WI3S: (o) and (d), HepG2; {¢) and
(£}, Hep3B, and (g} and {h), BE(2}M17 cells.

The three tumor celf lines were also tested with DT A wnder controd of hwman COXZ,
CCKAR, and hTERT promoters bot no significant cell killing effect was observed. In order ©
further characterize the cell killing effects, the cell viability assays were performed with DTA
under control of AFP, SURY, and CXCRY promuoters. FIG. 20 dlustrates cell viability assay of
tumor cells by AAV2 vectors carrying DT-A under control of various tumor-specific promoters.
In these experiments, the cells were seaded on Y6-well plates and transduced with AAV2 vectors
at 4-fold serial dilutions for 4 days and the cell viability was assaved with the CellTiter Glo
Lonunescent Cell Viability Agsay kit {a) HepG2 cells, {b) Hep3B cells, and (¢} BE(2)-M17
cells. All three tnmor-specific promoters show transcription activity in HepG2 cells. Among
which the CXCR4 promoter exhibiied the highest activity driving DTA 1o kill HepG2 cells
when high titers of AAV2 vectors were ased (FIG. 20a). For Hep3B cells, DTA under control of
the SURV promoter exhibited the strongest killing effect, whereas AFP and CXCR4 showed
partial killing activities (FIG. 20b). Interesungly, AFP promoter was not active in BE{2)-M17
cells, whereas DTA under contral of both CXCR4 and SURY promoters exlubited sirong killing
effects (FIG. 20¢).

Al pubhcations, inclhuding patent applications, patents, and other references mentioned
herewn are incorporaied by reference, each in s entivety. Any discussion of references cited
herein is intended merely 10 swmiarize the assertions made by thelr authors and no admussion is
made that apy reference or portion thereof constitutes relevant prior arl. Applicant reserves the

right o challenge the accuracy and pertinency of the cued references.
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Chams

What is claimed is:

1o A nucleic acid comprising:

a sequence eacoding a toxic polypeptide; and

an intron that inferrupts the sequence, whereby the idvon is spliced in mammalian colls bt not
iy insect cells to form an mRNA that is wanslated to form celi-toxie levels of the toxic
polvpeptide in mammalian cels but not in sect cells.

2. A nucleic acid in accordance with claim §, wherein the toxic polypeptide is selected from the
group consisting of diphtheria toxin (DT-A), barmase, ricin, abrin, and Pseudomonas exotoxin.
3. A nucleie acid w accordance with claim 1, whevein the toxie polypeptide 18 diphtheria toxin
(DT-A)

4. A nucleie acid in accordance with clatm 1, wherein the toxic polypeptide 13 2 barnase
polvpeptide.

3. A nucleie acid in accordance with claim 1, Anther comprising at feast one expression element
operably linked o the seguence.

6. A nueleic acid in accordance with clabm 5, wherein the expression element is selected from
the group consisting of a promoter, an IRES, an enhancer and a combination thercof.

7. A nuckeic actd in gecordance with olaim 5, wherein the expression element is selected from
the group consisting of a CMV promoter, an AFP promoter, an AFP enhancer, an hSURV
promater, a CXCR4 promwoter, an hTERT promoter, a COX2 prowmoter, and a CCKAR
promotet.

¥ A nucleic acid m accordance with claim 3, wherein the expression clement &5 selegted from
9. A nucleic acid 1 accordance with any one of clains 1-8, wheremn the intron is an artificial
wiron.

10. A nucleic acid in accordance with any one of claims 1-8, wherein the mtron 15 a human
growth hormone intron.

11 A naclele acid in accordance with any one of eladms 1-%, wherein the intron is a SV40 Lage
T-antigen intron.

13 A nucleie aoid m accordance with any one of claims 1-%8, comprising, in 37 to 37 order, 3 first
ITR, a promoter, a first portion of a toxic gene, an intron, a second portion of the toxic gene, ¢
polyadenyiation signal, and a second ITR.

14, A nueleic acid 1n accordance with claim 13, wherein the first FTR 15 an AAV ITR,

15. A nucleie actd in gccordance with clamm 13, wherem the sccond TR s an AAV TR
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16, A nucleie acid i accordance with claim 13, wherein the promoter 1s a CMY promoter.

17. A nueleie acid in accordance with claim 13, wherein the promoter is a BSURY promoter,
18, A nucleie acid w accordance with claim 13, wherein the promoter 1sa hCXCRS promoter.
19, A nucleie acid bir accordance with claim 13, wherein the promoter is g hAFP promoter.

200 A nucleie acid nr accordance with claim 13, wherein the toxin gene eacodes DT-AL

21, A nucleie acid in accordance with claim 13, wherein the toxic gene encodes Bamase.

22 A viral vector comprising the nucleic actd of any one of claims 1-8

23, A viral vector in accordance with claim 22, wherein the vector is selected from the group
consisting of 2 baculovirus, a retrovirus, an adenovirus, an adeno~gssoctsted vivus (AAV) and g
combination thereof.

24 A viral vector in accordance with clalim 22, wherein the vector is a baculovirus, an adeno-
associsted virus (AAV), or g combination thereof

25, A viral vector in accordance with clabm 22, whereinr the vector is an adeno-assoctated virus
{AAVY

26, A viral vector i accordance with claim 22, whercin the vector is an AAVZ,

27. A viral vector in accordance with claim 22, wheremn the vector 1s an AAVE

28 A viral veetor m accordance with claim 22, wherein the vector comprises an T'TR,

29 Annsect eell in vitro comprising the nucleic acid of any one of claims -8,

30, An insect cell in accordance with claim 29, wherein the cell is selected from the group
consisting of a Trichoplusia ni BT Tu-5B1-4 cell, a Spodoptera frugiperda S£9 cell and a
Spodoptera frugiporda S£21 coll.

31 An mseet celf i accordance with claim 29, wherein the nucleie acid is cotuprised by a viral
genome.

32, An msect cell in accordance with claim 29, wherein the nucleic acid is comprised by g vivos.
33 An inseet cell in accordance with claim 29, wherein the cell 1s stably transformed with the
nuclewe actd of any one of claims 1-8.

34, A cell culture comprising:

a pharality of colls of claim 29; and

a culire medium,

35, A ccll culbure m accordance with ¢laim 34, wheren wneoncenirated culture medhum

comprises greater than 11 viral genome

i o)

fmi.

o

36. A cell cultare In accordance with claim 34, whereln unconcentrated cubture medium

comprises greater than 1010 viral genomesiml,
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37. A cell eultore in accordance with olaim 34, wherein unconcentrated audhure medium
comprises greater than 101 viral genomesiml.
38 A cell cultare in accordance with clatm 34, whereln unconcentrated culture medium
conywises greafer than 12 viral genomes/ml.
39, A cell culture 1y gocordance with claim 34, wherein unconcentrated culiuwre medium
comprises a baculovirus greater than 106 PFUMmL
40, A cell culture in accordance with claim 34, wherein unconcentrated culture medium
comprises a baculovirus greatey than 107 PFU/mb
41, A cell culture 1n accordance with claim 34, wherein wconcentrated culture medinm
comprizes a baculovinus greater than HB PFUMm
42, A cell culture in sccordance with claim 34, wherein unconcentrated culiure medium
comprises a baculoviras greater than 109 PFUMml
43. A method of growing a vector comprising a toxic gene in vitro, comprising

providing a cell celtare comprising insect celis;
mfecting or transfecting the cells with a nacleie acid of any one of claims 1-8; and
ncubating the cells under conditions suitable for virus production.
44, A method of treating a cancer, comprising admimistering to a subject in need of therapy a
therapeutically effective amount of the nucleie acid of any one of clatms -8,
45, A method of treating a cancer, comprising adnunistering a therapeuticatly effective amount
of an adeno-associated virus comprising the nucleie acid of any one of claims 1-8 1o a subject in
need of therapy.
46. A method of treating a cancer i accordance with elaim 45 wherein the cancer is selected
from the group consisting of prostate cancer, breast cancer, bram tuor, cervical cancer and
nasopharyngeal carcinoma.
47. Use of a mueleie acid of any one of claims -8 for the treatment of 2 cancer.
48, A nucleic acid in accordance with any one of clamms 1-8 for use in the freatment of a cancer.
49, Use of a nucleie acid of any one of claims 1-8 in the manufacthure of a medicament for
freatment of a cancer.

30, Use of a vival vector of claum 2

2 for the reatment of a cancer,
51 The viral vector of claim 22 for use i the treatiment of 3 cancer.
32, Use of a viral vector of claim 22 1n the suanufactore of a nedicament for treatment of a
caneer.
533, & method of producing AAY comprising a foxic gone in vilro, comprising:
providing a cell culture comprising insect cells;
37
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infecting the colls with a virus vector of claim 24 and with Bac-mCap-inRep for at Teast
about 1 day: and

lysing the celly to form a Tvsate comprising the AAY.
34. A method v accordance with claim 53, wherein the infocting the cells for af feast about |
day compriscs infecting the cells for at least 2 days.
55, A method in accordance with claiim 53, wherein the infecting the cells for at least about |
day comprises infecting the cells for at least 3 days.
36, A method in accordance with claim 33, whercin the infecting the cells for at least about |
day comprises infecting the cells for about 3 days.
§7. A wmethod in accordance with claim 33, wherein the infeciing the cells for at least about |
day comprises infecting the cells for at least 4 days.
38. A method v accordance with claim 53, wherein the infocting the cells for af feast about |
dav conprises infecting the cells for at least 5 davs.
39 A method 1o accordance with claim 33, wherein the infecting the cells for at least about 1
day comprises mfecting the cells for wp to about 5 days.
60, A method in accordance with claim 533, wherein the mfecting the cells for at least about |
day comprises infecting the cells for up to about 6 days.
61. A method in accordance with claim 33, wherein the infocting the cells for af least about |

day conmprises infecting the cells for up to about 7 days.

62. A method 1 accordance with clatm 53, further compnising digesting the cellular debris with

benzonase.
&3, A method in accordance with clabm 33, whergin the AAV 1 AAVL
&4, A mothod o accordance with elaim 33, whoersin the AAV IR AAVD,

£5. A method in accordance with claim 53, wherein the msect cells are selected from the group

consisting of Trichoplusia wi BT1-Ta-SB1-4 cells, Spadoptera frugiperda 819 cells, Spodaptera

Frugiperda SE21 cells, and any combination thereof.
66. A method 1 accordance with claim 33, wherein the insect cells ave Spodoprera frugiperda

Si9 celln
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FIG. 2
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