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The present invention relates generally to the area
of quality control for recombinant agents to be used in
gene therapy. More specifically, the invention concerns
an assay which can be used to assess the percentage of
defective vector in a vector stock, where the vector
encodes a therapeutic gene. Most specifically, the
invention concerns a method for assessing the percentage
of adenovirus containing a non-functional p53 gene in an
adenovirus stock containing wild-type p53 to be used for
clinical gene therapy.

Description of Related Art

Current treatment methods for cancer, including
radiation therapy, surgery and chemotherapy, are known to
have limited effectiveness. For example, lung cancer
alone kills more than 140,000 pecple annually in the
United States. Recently, age-adjusted mortality from
lung cancer has surpassed that from breast cancer in
women. Although implementation of smoking-reduction
programs has decreased the prevalence of smoking, lung
cancer mortality rates will remain high well into the
21st century. The rational development of new therapies
for lung cancer will depend on an understanding of the
biology of lung cancer at the molecular level.

It is well established that a variety of cancers are
caused, at least in part, by genetic abnormalities that
result in either the over expression of one or more
genes, or the expression of an abnormal or mutant gene or
genes. For example, in many cases, the expression of
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mutation, in the'coding region of a normal cellular gene,
known as a "proto-oncogene." These mutations result in

10 amino acid substitutions in the expressed protein
product. This altered expression product exhibits an
abnormal biological function that contributes to the
neoplastic process (Travali et al., 1990). The
underlying mutations can arise by various means, such as

15 by chemical mutagenesis or ionizing radiation. A number
of oncogenes and oncogene families, including ras, myc,
neu, raf, erb, src, fms, jun and abl, have been
identified and characterized to varying degrees (Travali
et al., 1990; Bishop, 1987).

20

During normal cell growth, it is thought that some
growth-promoting proto-oncogenes are counterbalanced by
growth-constraining tumor suppressor genes. Several
factors may contribute to an imbalance in these two

25 forces, leading to the neoplastic state. One such factor
is mutations in tumor suppressor genes (Weinberg, 1991).

One important tumor suppressor is the cellular

protein, p53, which is a 53 kD nuclear phosphoprotein

30 that controls cell proliferation. Point mutations in the
p53 gene and allele loss on chromosome 17p, where the p53
gene is located, are among the most frequent alterations
identified in human malignancies. The p53 protein is
highly conserved through evolution and is expressed in

35 most normal tissues. Wild-type pS53 has been shown to be
involved in control of the cell cycle (Mercer, 1992),
transcriptional regulation (Fields et al., 1991}, and
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(Fields et ghgard@l)emckad (Hollstein et al., 1991; Zakut-Houri et
al., 1985). The over-expression of mutated p53 in breast
tumors has been documented (Casey et al., 1991).

15
One of the most interesting aspects of gene therapy

for cancer relates to utilization of tumor suppressor
genes, such as p53. It has been reported that
transfection of wild-type p53 into certain types of

20 breast and lung cancer cells can restore growth
suppression control in cell lines (Casey et al., 1992).
Although direct DNA transfection is not an efficient
means for introducing DNA into patients’ cells, these
results serve to demonstrate that supplying tumor

25 suppressors to cancer cells may be an effective treatment
method if improved means for delivering tumor suppressor
genes are developed. |

Gene delivery systems applicable to gene therapy for

30 tumor suppression'and killing are currently being
investigated and developed. Virus-based gene transfer
vehicles are of particular interest because of the
efficiency of viruses in infecting actual living cells, a
process in which the viral genetic material itself is

35 transferred to the target cell.. Some progress has been
made in this regard as, for example, in the generation of
retroviral vectors engineered to deliver a variety of
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generating large amounts of sample vector stock from a

10 "pioneer" vector stock arbitrarily designated as having
100% activity. Concerns arise over the loss of activity
in this "scale-up." Clearly, quality control analysis of
sample vector stocks will be a necessary step before any
treatment regimen is undertaken. For example, it will be

15 necessary to ensure that a sample vector stock contains
sufficient active vector to mediate the intended
therapeutic effect.

An important consideration expressed by the National

20 Institutes of Health (NIH) Recombinant DNA Advisory
Committee (RAC) and Federal Drug Administration (FDA) is
the biological significance of these mutations in the
final clinical stock. While it is highly unlikely that
such mutant vectors would pose any risk to the patient or

25 to those coming in contact with the patient, regulatory
agencieé will require a quality control analysis for
clinical vector preparations. The NIH RAC has stated
that the most important quality control aspect is
biologic function. Thus, there is a need for an assay

30 that evaluates the percentage of defective wvectors in
vector stocks for therapeutic use.

There remains, therefore, a clear need for the
development of a quality control assay that evaluates the
35 amount of defective or therapeutically inactive vector in
a clinical vector stock and the concomitant loss of
biologic activity in clinical vector stocks.



method if inproved means for delivering tunmor suppressor genes are

devel oped. Gene delivery systens applicable to gene therapy for
30 tunor suppression and killing are currently being i nvestigated and
devel oped. Virus-based gene transfer vehi cl.es are of particul ar

i nterest WOOHE®AS of the efficiency of viruses in i S96/8204% t ual
living cells, a process in which the viral genetic material itself is
35 transferred to the target cell. Sonme progress has been made in this
regard as, for exanple, in the generat®on of retroviral vectors

engi neer ed éo del i Ve !2 virigetﬁoof WO 96/ 25515

PCT/ US96/ 0 -4- genes.

Adenovi rus vect Sthes presapt hineentim@diresens the fpxpaginaiaeedsful in
vitro and igy gpdBlaingudhesssdy for meRlsudingleRe &ialsfelofrekese! s. 5

Cproveq. PSR AEREn LR B SR %%ﬁt%“EESQXfagégﬁ%yé. RERA T equire
the | arfe stox dehegmisingnthe pexgentageoris8eEReEiIVRIr | arge scal e
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is disclosed. It is envisioned that the method of the
present invention can be utilized to quantitate loss of
biological activity in a variety of therapeutic vector
10 preparations.

In a'general embodiment, the present invention
provides a method of determining the percentage of
defective vectors in a vector stock which is genetically

15 engineered to contain an effector gene that inhibits
tumor cell growth, induces tumor cell apoptosis or kills
tumor cells. The method comprises the following steps:

a) contacting tumor cells with a vector stock
20 under conditions permitting the introduction of
vectors into tumor cells;

b) incubating tumor cells under conditiomns
permitting growth of the cells;

c) assessing tumor cell growth after a

25 sufficient period of time;

d) comparing the tumor cell growth with the
growth of cells when contacted with one or more test
standard stocks comprising positive control vectors
carrying a functional effector gene and negative

30 control vectors not carrying a functional effector
gene.

Therefore, in a general sense, the first aspect of
the present invention involves contacting tumor cells
35 with a vector stock under conditions which allow
importation into the tumor cells of the vector stock.
The vector stock may be composed of a virion or plasmid
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each particular assay. Examples of preferred tumor cells
are lung, colon, breast, pancreas, prostate, head and

neck, and skin cancer cells.

15 In a preferred embodiment, the present invention
provides that vectors of the test standard stock lacking
a functional effector gene, i.e., negative control
vectors, encode a luciferase gene. An indicator gene is
one that provides evidence of its successful

20 incorporation into a vector. For instance, in a
particularly preferred embodiment of the present
invention, the indicator gene utilized is the luciferase
gene which provides visual evidence of its incorporation.
Conditions sufficient to allow infection of tumor cells

25 with vector stock vary with the particular tumor cells
and vectors employed in the assay. Such conditions are
well known in the art.

Generally, the second aspect of the present
30 invention involves incubating tumor célls under
conditions permitting growth of the‘cells. Sufficient
incubation time varies with the particular tumor cell and
vector stock combination being assessed. A preferred
period sufficient to allow tumor cell growth is between 2
35 and 10 days. In a preferred embodiment, utilizing an
adenovirus vector stock and SAOS~-IM tumor cells (American
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Finally, the fourth aspect of the present invention

10 generally involves comparing the growth of tumor cells
infected with vector stock to standard test stocks
comprising vectors containing known amounts of vector
carrying a functional effector gene, i.e., positive
control vectors, and negative control vectors.

15 Functional effector gene refers to the therapeutic gene
of interest which is theoretically contained in some
amount in the vector stock being tested. Such effector
genes include tumor suppressor genes, anti-sense
constructs and toxins.

20

In a more preferred embodiment, the present
invention provides that the vectors claimed are
adenovirus vectors. Further, these adenovirus vectors
can be contained within infectious adenovirus particles.

25 |

In yet another preferred embodiment, the therapeutic
effector gene chosen to be incorporated into vector is a
tumor suppressor. A particularly effective effector gene
is the wild-type p53 gene.

30 |

In still another preferred embodiment, the
percentage of statistically significant detectable
defective vectors is between 0.5 and 10%. A most
preferred embodiment dictates the percentage of

35 statistically significant detectable defective vectors is
greater than 0.5%.

This Sheet Has Been Relplaced




25 sufficient period of tine; d) conparing the

tunor cell growh with the _ gromh of cells when contacted with
one or nore test standard stocks conprising positive contro
vectors carrying a functional effector gene and negative 30
control vectors WR¥28¥rying a functional effector gRFESUS96/02042
Therefore, in a general sense, the first aspect of t he present
invention involves contacting tunmor cells 35 with a vector stock under
condi ti ons which allow | nportation | ntoBthe tunor cells of t he vector
3&?8;)25515 The VECtorAégt er eﬁ%og?mgg (ie preﬁé%rtggggé pré%ides

- 6- that w hl kinfeowpnisingaati tekst anenyecepthslefwhixlkrasitains a

under conditions EHQéiﬂﬁfﬂazf:P sRBER 1 ’?llrz]@h:é'd%f %@ahﬁﬁrdt str:gclg% ROk May
enhancers. The st SUEIGeH R RhEREF Groneats” koBUR BRECERIARo% et o
gene. Specifi & defexting arecsbrsgomposttinnsst odksai prefeloréditentodiment
limted to viral ¥RetQéfedtitle YactEenedipithiticR beVbbiSositions e Rade
virus, and adeno- assof'vec(%fnlkggrpgﬁgflnén%he luciferase gene. In
another preferred embodiment the kit may also have
included a receptacle which contains a functional
10 effector gene. In a preferred embodiment, the functional
‘ effector gene is the wild-type p53 tumor suppressor gene.
In a most preferred embodiment, the kit includes
receptacles of test standard stock mixtures containing
.vectors preparations encoding indicators genes in the

15 percentages of 0%, 0.1%, 0.5%, 1.0%, 2.0%, 5.0%, 10%, 20%

and 100%.
Brief Description of the Drawings

FIG. 1. Growth curves for SAOS-LM cells after
20 incubation with medium, Adp53 and AdpS3 containing
varying amounts of Adluc. Each point represents the mean
ISD for triplicate dishes.

PIG. 2. Expansion of the growth curves from FIG. 1.
25 Each point represents the mean ISD for triplicate dishes.

Gene therapy is becoming a viable approach for the
treatment of cancer. As the problems with target
30 specificity, transfer and expression levels are solved,
therapeutic gene constructs will become common tools for
treating neoplastic disease.

Evaluation of vector stocks for use in gene therapy
35 will be required for both safety and efficacy reasons.
Molecular means for the analysis of vector stocks are not
practical at this point in time; thus, reliance must be
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utilizes a surrogate for defective vector.

According to the present invention, an assay is

provided which measures diminution of wild-type function

15 in a vector stock using defective vector. This defective
vector represents a vector that has lost function during
generation of the vector stock. 1In its most basic form,
the defective vector is simply a vector without any
inserted therapeutic gene but may also include an

20. inactive or mutated therapeutic gene.  The defective
vector has no therapeutic effect on tumor cells because
it expresses no therapeutic gene. In order to mimic the
existence of defective vector, it is possible to mix a
known defective vector, i.e., a negative control vector,

25 with wild-type vector-effector stocks, i.e., positive
control vectors. In a preferred example, such a negative
control vector expresses an indicator gene like the
luciferase gene (Adluc). Adluc serves as an indicator of
the percentage of defective vector in the test stock.

30

VECTORS: The vectors that can be tested according

to the disclosed assays may vary considerably. The
vectors may be standard expression vectors that contain
one or more effector genes and regulatory elements

35 required for expression of the effector gene in cells.
The regulatory elements will comprise at least a promoter
and may also include structures that enhance the
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in liposomes, conjugated to targeting agents, attached to

10 microparticles or otherwise modified to permit uptake or
introduction into target cells. It alsc is contemplated
that naked DNA may, in some instances, be sufficiently
transported across cell membranes to be used in gene
therapy. Whatever the transfer mechanism of choice or

15 the form of the vector, an assay designed to test the
activity of the vector stock will employ that mechanism.

Another form of vector is a viral vector. Viral
vectors have been developed from a variety of different
20 virus'systems including adenovirus, herpesvirus,
retrovirus, vaccinia virus and adeno-associated virus.
These vectors have two advantages over standard
expression vectors. First, the vectors can be engineered
to replicate and encapsidate like infectious virus DNA.
25 This permits the normal targeting and entry system of the
virus to be usurped. 1In addition, the regulatory
- elements of the virus often are compatible with the gene
expression machinery of the cells they infect. Of
course, both host range and regulatory elements may be
30 modified for a particular purpose.

EFFECTOR GENE: The effector gene encoded by the
vector may be any gene that confers some detectable
biologic activity on a tumor cell. Typically, the

35 activity is growth inhibition, stimulation of programmed
cell death (apoptosis) or direct cell killing. Various
effector genes will have one or more these activities.
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enbodi nent, ¥hé FURQY | Bippressor. o t%ﬂﬁﬁeﬁ%?ﬂﬁ%? WFPle§b3d§53 t unor
suppressor &neAPC, DCCn NF-dosNFpRef WErid MEMHoOi MEN-II, hBRRAR, i ncl udes

receptacl es vy, t ot &hdMtr.d sh@@beﬁeétaf@smsms i@t@gtargetgeﬁéﬁrs

preparatlons Lng. indica enes the 1 ercenta S of 0%; 0.1%
0 5% 1. 0% 5% %gggeogﬁne%tﬁy pand” Inc1lude "ras, new,” 247,
src, fms, jun, trk ret, gsp, hst, bcl and abl. Toxin

genes or genes that block essential cells functions may
10 inhibit the growth of tumor cells or kill the cells

outright. Toxins include cholera toxin, pertussis toxin,

diphtheria toxin, tetanus toxin, ricin, endotoxin. Genes

that render cells sensitivé to an outside agent such as a

cell surface antigen or thymidine kinase also will permit
15 killing of cells.

CELLS: 1In theory, any tumor cell should be amenable
to this sort of analysis. Of course, the tumor must be
susceptible to the effector gene used. For toxins or

20 genes that render cells susceptible to an outside agent,
almost any cell will work. Antisense constructs and
tumor suppressor will have to be tested with particular
tumors to assess susceptibility. Lung, breast, colon,
head & neck, pancreas, osteosarcoma and prostate tumor

25 cells are exemplary of the cells that will be susceptible
to treatment with the tumor suppressor ps3.

ASSAY CONDITIONS: The conditions under which the

assay is conducted will vary from assay to assay. For

30 example, the condition under which treated cells are
incubated and the time of incubation will vary depending
on the particular assay. Where growth of cells is the
assay read-out, the conditions and time period will vary
accoxding to the requirements of the cells involved.

35 Where cell killing is the assay read-out, the conditions
and time period will depend on the conditions and time
necessary for the effector gene to kill cells. For other



and 100% Bri ef Descriptioh of the Draw ngs FIG 1. Gowh
curves for SACS-LMcells after. 20 I ncubation with nedium Adp53 and Adp53

cont ai ni ng varyi ng amounts of Adluc. Each point represents the nean
| SD for triplicate di shes. FIG 2. Expansion of the growth
curves from FI GVOPS23M5 Each point represents the mean | SD f orPCIAUSPIA2843t o
di shes. Detail ed Description of the Preferred Enbodi nents

Gene therapy is beconm ng a viable approach for the treat ment of

cancer. As the problens with target 30 spe&fftcity, transfer and
expression |evels eutic ggge,cons ructs wll fecone
Lo q

e solveﬁ ‘o ther%€
conmon tool s for SETeGRO%,ACRIVHESR AU ag 98 in Soft agarpox| GtPHH of
vector stocks forfoxmatiiongehbetapprgprizie wondiptonrsqtiimes fand both safety

and efficacy reasgifitionalVBkestharitdRANA ber cibgr atlotd six@fi1w@ct or stocks
are not practlggl at this point in tinme; thus, reliance nust be
WO 96/ 25515 artisan. PCT/ US96/ 02042

5

SENSITIVITY: A sample vector stock will contain
millions and sometimes trillions of vectors. An assay
based on biological activity has a limited ability to
identify defective vectors that exist at very low

10 percentages. Depending on the particular kind of vector,
the tumor cells being treated and the assay read-out, the
threshold for statistically significant results will
vary. Those of skill in the art can determine the
sensitivity threshold of an assay simply by generating a

15 series of test standard stocks.

For example, one will mix varying percentages of the
negative control vector with a positive control vector
(e.g., a sample of the pioneer vector stock) arbitrarily

20 designated as having 100% activity. Of course, activity
is defined relative to the vectongene construct being
tested. For instance, 100% activity of the positive
control stock may be defined in terms of varying degrees
of tumor cell death, growth inhibition, apoptosis, or in

25 terms of expression of an encoded gene. With some
percentage of negative control vector added to the
positive control stock, there will be statistically
significant difference between the behavior (growth,
killing, etc.) of cells treated with the positive control

30 and the various positive-negative standard stock
mixtures. This minimum statistically significant
difference is the sensitivity level of the assay.

KITS8: It will be desirable to provide kits for
35 particular vector systems that contain, at a minimum, a
negative control vector. Typically, these negative
control vectors will encode a marker gene, like



- 9- pl aced on biologic function. One way of standardizing bi ol ogi c
function is to produce test standard stocks of the therapeutic vector
that mmc the biologic activity of vector stocks containing various
percentages of 5 defective vectors. It is potentially hazardous to create
def ecti vewges?ss1ss cont ai ni ng nut at ed t herapeuti c genes ®ETUSI6N242andar di ze

eval uative assays. For exanple, a nutated p53 gene coul d be
potentially harnful. Therefore, an assay has been devel oped for

determ ning the percentage 10 of defeBt+ve vector in a sanple vector stock
whi ch utilizes a surrogate for defective vector. Accordi ng

to the presmifierase:i bhat permids the user ko MQRit-AMhithe ARYBEes

di minuti on gf neiga®ilvEPeohtrsy ivaittbY thab fisviwtdrtedtostectsrng defective
vector. Thi,s defegtiye,. vec [ n \ r at has | ost
function dusrtl?r?g" ghc'ig{e)rcl"é'?'?att"’l‘lon &)’%S’t ﬁga\gggﬁo%?%}?%c%tﬁﬁh%?s nost basic
form suid ajpdee f0F veultapiey of; £edilfp| Jihubien hulfiens;gpdany

i nsertegl thefambRidel, CcelDe o pHpagiationnsk Utlke ategidtive kaatire® or nut at ed

therapeuticv s mlggad$§c§A%Qucti°%gct or has no therapeutic effect on
tunor cel |l s becadse 't eXpresses no therapeutic gene. In order to nminic

t he exi stence of defective vector, it is possible to mx a known
def ective vect OADENOVIRUS-pEDA! iME aC pReEkry¥@ Cémibodidenty)i thewi | d-t ype

vect or - ef f ect.qr. isogt%?%gﬁeg'to conisﬁ".clj):?éethe tuﬁ%ﬁtél@;%%gi%s' In a pref efred
pr

t
exanpl e, sut s?é’_neg . vect or ses an indicator gene
like the activityf efasn aderovisnsurPp3 pepatryet vEAARS3)an Mhdleat or of
the percentgge mitai@backave S vliraln vekeotrssis AMdC Mocithented,

the error rate for an adenovirus DNA polymerase is not
expected to be higher than that for a mammalian DNA
polymerase. Thus, it is possible that in a preparation

15 of 1010 adenoviral particles there could be as many as
104 copies of inactive or mutant p53 expressing
adenoviruses.

The identification of mutant vectors by molecular
20 means such as PCR™ is neither practical nor sufficient
for this purpose. Moreover, since there is no assay for
cell transformation mediated by mutant p53 by itself, it
would be necessary to develop an assay to detect a
cooperative event with another oncogene such as ras{2).
25 Such assays are difficult to gquantitate. Furthermore,
many cells are not responsive to such a combination of
genes. Also, this type of assay would also require as a
positive control a mutant p53 vector. This has been
prohibited by the RAC because of its potential hazard.
30
Specifically, the assay compares the activity of a
pioneer stock of AdpS3 vector with the activity of newly
produced sample stocks. The pioneer stock of AdpS3 is
defined as mediating cell death in 100% of SAOS cells
35 (human osteosarcoma cell line with a homozygous p53
deletion) at an MOI of 50:1 on the 5th day of culture.
Such pioneer stocks eliminate tumors in vivo in an



VECTORS: The vectors that can be tested according to the disclosed

assays nmay vary considerably. The vectors nmay.be standard expression
vect ors t hat contain one or nore effector genes and regul atory
elements 35 required for expression of the effector gene in cells. The
regul atory ele %ﬁﬁﬁll conprise at |east a pronoter and REE/USH6QY42

I ncl ude structures that enhance t he WD 96/ 25515

PCT/ US96/ 02042 - 10 - transcription
of the effector gene (enhancers). The “ gl atory el ements may include

Structures thal Petibleopic MUUICHE Alnth Ly URUORLIA |3 IS laes

of cells (ce prono
expr essi on vectors!f"slﬂéwagéd“\ﬁalrl:o&g% Zhangh s &lor LAB3Y - | MBY crfiddrioon

into cells wll bancreaem QahntBObE cd@fPttivd RRectoet 86Sth@Ypittheer
T abert ol oEUgFRDRTOTS o SARENORE SEOLA LU Qo RSy 4l 1O

10 nlcropartlcles or ervi se
i ntroduction idht oPegpible &g Imimict azpawple %’eﬂﬂ]‘er‘rﬁlt&t ¥arying ameuntmmiefd DNA

may, in some instdetestive mYsEi.ci Thél yample AdpB3ISAEr thénaceHssd Rl its

rembranes o be usghi0yORNGur sabBcrapls WY GiCl LA LAETGLSITRAARY O

of choice or € Vec an assa deS|
compared to curves generated by test stocks with varying

percentage of defective vector.

10

EXAMPLE: Determination of the Percentage of Defective
Vector in a Sample Lot of Adp53 Adenovirus

Vector Stock
SAOS-LM cells (SAOS cell variant lung metastasis)

15 were inoculated at 105 cells per 60 mm culture dish.
Dishes were then incubated at 37°C overnight. The cells
were counted prior to virus infection. Cells were
infected at an MOI of 50:1. Groups included Adp53
pioneer, Adp53 stock containing .1%, .5%, 1%, 5%, 10%,

20 and 20% Adluc (reconstituted positive controls), and the
test lot of Adp53. All groups were set up in triplicate.
Cells were counted daily (two counts per dish) for S
days. The experiment was performed 3 times.

25 The results are shown in FIG. 1 and FIG. 2. FIG. 1
shows the profound inhibition of SAOS cells by Adp53
pioneer stock and the lesser inhibition where defective
vector has been added. Statistically significant and
reproducible differences can be measured by day 3 of the

30 assay and is clearer at day 5. FIG. 2, for example, on
day 3 the mean cell count was 2534 (+S.D.) for Adps53
pioneer stock, and the mean cell count for Adp53 with 1%
defective vector was 36+4. This difference is
significant at the p<.02 level. The limit of sensitivity

35 for the assay appears to be 1% as the differences for
0.5% and 0.1% defective vector are not statistically
significant. Thus the presence of 1% defective vector in



activity of the vector stock wll enploy that nmechani sm Anot her

formof vector is a viral vector,._ Viral vectors have heen developed
froma variety of different 20 virus systens including adenovi rus,

her pesvirus, retrovirus, vaccinia virus and adeno-associ ated virus.
These vecWOm®62%5t8/e two advant ages over standard ex RICEEERct or s.
First, the vectors can be engi neered to replicate and encapsidate |ike
i nfectious virus DNA. 25 This permits the normal targeting and entry
system of the virus to be usurpedl5In addition, the regulatory

el emrents of the virus often are co tiblLe wifh the e ressi on
machi nery & H’fﬁ?a&é‘FI"gnth%)P’ng& s"gny\%’(ﬁ?& ad-%[e%eﬁ&gg:aﬁgﬁge and
regul at ory mspermeucibigybpetldis amsehyf.i ed for a particul ar purpose.

EFFECTOR GENE: The effector gene encoded by the vector nmay be any gene

ol ey She B GBhERIates, une, At Sphan o b b T on o1
progr an®red standazedl koubinéd (vipdpteo sugrogatei for tpSknutant] vegroYari ous
ef fector 9eQas Mishi1tBaVEn M YevBichmeleS8e & ddiiditive bicassay WO
96/ 25515 ] . \ PCT/ US96/ 0204
- 11 - for inactive vector. While the compositions and methods
of this invention have been described in terms of
preferred embodiments, it will be apparent to those of
10 skill in the art that variations may be applied to the
composition, methods and in the steps or in the sequence
of steps of the method described herein without departing
from the concept, spirit and scope of the invention.
More specifically, it will be apparent that certain
15 agents that are both chemically and physiologically
related may be substituted for the agents described
herein while the same or similar results would be
achieved. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be
20 within the spirit, scope and concept of the invention as
defined by the appended claims.



For exanpl e, sonme tunor suppressor genes w || inhibit the growt h of

tunmor cells while others will.restore nornal programmed cell death of
cells. p53 is a classic exanple of a tunmor suppressor. O her tunor
suppressors include 5 RB, APC, DCC, NF-1, NF-2, Wr-1, MEN-I,_ NEN-|

BRCAL, VHL WOS2SHd MOC. Oncogenes are appropriate t ar get BCH 96102042
anti sense constructs and include ras, nyc, neu, raf, erb, src, fnms,
jun, trk, ret, gap, hst, bcl and abl. Toxin . genes or genes that bl ock

essential cells functions may 10 inhibit tR& growth of tunor cells or Kil

the cells ougtight.s Taxins _i.nclude chol [ ' is
di phtheria toxin,&@%ggﬁUENFﬁgiﬁ?fFF%# ?sbﬁzo?%%i%?éégﬁegﬁgéqaﬁ%ﬁgégﬁgﬁger
celIs sensitive texemplanysip¥ocgdunal sor pther, detailgepprrlpnent@rahtPgen or

thynLdine ki nase @héébV%%d ﬂ@&tfihei5inkidﬁﬁ %@e&ﬁfﬁehliﬁ incorporﬁyed CFLLSI
In theory, any tupor ge anenabl e to this sort of analysis.
O course, the tu ?eﬁ%éprggggrgng§UsceptibIe to the effector gene used.

For toxins or320 genes that render cells susceptible to an outside agent,

al nost any cel | m&itg%Fgggg;gﬂgggense constructs and tunor suppressor
w |l have to be t Wdh parti 2] t S to assess
ﬁ%ﬁo g o 6452405 311, 4595

susceptibility. L , By S5t c'(?OIon, neck, pancreas,

osteosarcona and prostate tunmor 25 cells are exenplary of the cells that
will be susceptibtgsey et ldl.l,r 88k6WER sdpPrddddonUBE hGnp Iefedt adcer

ASSAY CONDI T . The condi tions _upder ' t . ASS ' tqd
will vary fréﬁ\gssay t%ecﬁ;'sssgy. tESrlggroa%(tg'%ﬁ'l g& Fh‘é’lg‘(ﬁ)n%él }né‘ga gl(ré'vvni ch
treated cells are Oongagene,cl: 481t htd1. &®%3F i ncubation will vary
dependi ng on the particular assay. Were growh of cells is the

assay read-out, tpe £ondidigns 3dehbi® PR 94e%bhs Yoo,

15 Fujiwara et al., "Induction of chemosensitivity in human
lung cancer cells in vivo by adenovirus-mediated
transfer of the wild-type p53 gene," Cancer Res.,
54:2287-2291, 1994.

20 Hollstein et al., "p53 mutations in human cancers,"
Science, 253:49-53, 1991.

Mercer, "Cell cycle regulation and the p53 tumor
suppressor protein," Critic. Rev. Eukar. Gene
25 Expresg, 2:251-263, 1992.

Spandidos et al., J. Pathol., 157:1-10, 1989.

Travali et al., FASEB, 4:3209-3214, 1990.

30
Weinberg, "Tumor suppressor gene," Science, 254:1138-
1145, 1991.
Yonish-Rouach et al., Nature, 352:345-347, 1991.
35

Zhang et al., "High-efficiency gene transfer and high-
level expression of wild-type p53 in human lung



according to the requirenents of the cells involved. 35 Were cell killing
is.the assay read-out, the conditions  and tine period will depend. an..
the conditions and tine necessary for the effector gene to kill cells.
For ot her WD 96/ 25515

PCT/ US96/ WS 42S515 - 12 - PCI/USHEPIAR ¢ of
activities such as growth in soft agar or col ony formation, the
appropriate conditions, tinmes and additional treatnents will be clear
to the skilled artisan. 5 =17 - SENSITIVITY: A sanple vector
stock will contaj LhLi i dripllions of _vegiors. An
assay based %%h%?rol%ﬁc%aﬂggjé |('\gc|1 t ha‘:"sc'gg1E I:"ll"%‘lhkeég?i%?‘ﬁ?f/s'? f)

identify defect i@k Ganes ThRERPYK| 60 preggly L8RB10 per cent ages.
Dependi ng on the particular kind of vector, the tunor cells being
treated and the assay read-out, the threshold for statistically
significant results wll vary. Those of skill in the art can determ ne
t he sensitivity threshold of an assay sinply by generating a 15

series of test standard stocks. : For exanple, one will mx
varyi ng percentages of the



negative control vector with a p ctor i ( T 1 e
of the pioneer vector stock) _arbi 3Imnm1mumumgnat ed THI 62%@@@% gﬁ‘Eﬁ’
activity. O course, activity * i defMned relative: -geng
construct bein tested. For instance, 100% activity of the 03|t|ve
control stock %ﬂ?’ﬂ@“&%flned in ternms of varying degrees R@ M2ce
death, growth inhibition, apoptosis, or in 25 ternms of expression of an
encoded gene. Wth sone per cent age of negative control vector added to
t he positive control stock, there will P& statistically si gni ficant
di fference between the behavior (gromﬁh,égg%giylllng, etc.) of cells
treated with the positive control 30 an ari ous positive-negative

st andard stock m xtures. This mninumstatistically significant
difference is the sensitivity |lzwtheld Ebe assecymming the perKéifEagétofNi |1

e desirable t0 MKl baclls 3 PUhbeY! HclEO Rack Lot hAge

contain, at a vec
negati ve %onthﬁiStvéémerEhQMY§°Q9¥§oGé &ahﬁrﬁEQCEﬁﬂﬁ¥rﬂ RReeflector

96/ 25515 gene that encodes a proddct/ thaf/ {k¥bits growth of tumor
- 13 - ! uc'éee:l.rl S;e’in&ngés paEgJBttoiitshgqu%\of %edY WY Ki1Ss2PRNES

cells, comprising the steps of:

10 a) contacting tumor cells with said sample
vector stock under conditions permitting
the introduction of said stock into said
cells;

15 b) incubating said tumor cells under
conditions permitting growth of said
cells;

c) assessing tumor cell growth after a
20 sufficient period of time;

d) comparing tumor cell growth with the
growth of cells when contacted with one or
more test standard stocks comprising

25 ‘positive control vectors carrying a
functional effector gene and negative
control vectors not carrying a functional
effector gene.

30 2. The method of claim 1, wherein said negative
control vectors encode an indicator gene.

3. The method of claim 1, wherein said indicator
gene is a luciferase gene.
35
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dilution buffers and 5 chanbers ' ceI | s for propagati-er—o "'1"ﬁ egatifve
control vector, nedia and instructions. . ADENOVI RUS- p53:  In
a preferr B@%AEBYi nent, the assay is designed to meBSHYROPHE2 ¢ ynor
suppression 10 activity of an adenovirus-p53 construct (Adp53). Wile
the mutation rate for viral vectors |s not document ed, the error rate
for an adenovirus DNA pol ynerase isnéf - expect ed to be hi gher than’

that for a m I an POt YIREIas | S at in a
preparation 1211&4 }g%ﬁf"?fh?i‘ae%%vﬁ S‘ar Jr‘% co ?fl eggs many as
10[ err] copadanmﬂusacrsvyovimm amcqimaexpmgwngadeno- adenovi ruses.

The identifihsaddited vivharevest®r s by nol ecul ar 20 neans such as

PCR err] is neither practical nor sufficient for this purpose.
Moreover, since there is no assay for cell transformation nedi ated by
mut ant B53 by i tSel f Thet method ek | ¢lajm Fecwhereint 8t NPT 8X8say to
detect a adef®PiRIANerCoeEeNt W th anot her oncogene such as ras(2). 25
Such assays are difficult to quantitate. Furthernore, many cells are
not responsive to such a conbi nati on of genes. Al'so, this type of assay
woul d al so requi€e aShg methpdsof| qﬂ@mﬁbruheaemtmd;ﬁsemms Thi s has
been prOéé&i@&ﬁchﬁ&aB?&h%ﬁﬁ idffectSonst 8MdnaviRazard. 30
Spemfl}éallga Qﬁ.assay conpares the activity of a pi oneer stock of
Adp53 ct P A SHe activity of newy produced sanpl e stocks. The

pi oneer stock of Adp53 is defined as nediating cell death in 100% of

SACS cel l's 7. The method of claim 1, wherein said effector
gene is a tumor suppressor gene.

1s 8. The method of claim 1, wherein said effector
gene induces apoptosis.

9. The method of claim 8, wherein said tumor

suppressor gene is a wild-type p53 gene.
20 '

10. The method of claim 9, wherein said tumor cells
are lung, colon, breast, pancreas, prostate, head and
neck and skin cancer cells.

25 11. The method of claim 1, wherein éaid percentage
of defective vectors is greater than .05%.

12. The method of claim 1, wherein said percentage

of defective vectors is between .05% and 10%.
30

13. The method of claim 1, wherein said period of
time is between 2 to 10 days.

14. The method of claim 13, wherein said period of
35 time is between 3 to 5 days.
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35 (human ost eosarcoma cell line V\“Im " p53 & del etion) at

an MO of 50:1 on the 5th day of. cul ' ﬁ” ﬁmﬁuﬂm“l)l oneey THISOSHEET HAS BEEN
el.imnate tunors in vivo in an ¢ W 96/ 25515 ﬁfﬁACED

PCT/ US96/ 02042 - 14 - faTa)

nmodel of hunman WO962%¥hcer growth in nude nice (FUJIWaI’anFmgP‘,dM994
Zhang et al., 1993). By adding I ncreasi ng anounts of defective vector

to the pioneer stock (i.e., a stock of positive control vector), it is
5 possible to mimc a sanple stock with var4¥ my anounts of defective

Adp53. The sanple Adp53 is_then tested f 111 SACS
cells in 5 days and tHg&- gr%@\fﬁ“%" Qat%ngar"é*beﬁe& cﬁlavés geﬁerat ed by
test stocks with stamgarg stockpararprisgeone oefmens f wepescentage of

EXAMPLE: Det er m nfulfepi9b {E6cdiey Rlergedotrbifexd lg&up cons:LstJ.ng of Vect or
In a Sanple Lot of Adp

93 Ade OVIr e
SACS- LM cel |'s (SAEB 86F? g %ﬁhgan?as?a%TS)l%%'9&%r8n gga*ated at
10[err] cell s5per 60 nn1cu|ture di sh. Di shes were then incubated at
37[err] C overnight. Theg.cehlpit compyyggnggunted prior to virus infection.
Cells were i nfected.at_an Pg } s I ncl, ded Adgg 1
pi oneer, Adp53 stock & n}gfﬁﬁrﬂfe 1%, %ﬁ e%ﬂﬁ?al receptacie

includes a sample of test standard stock wherein at
least some of the vectors in said stock are negative
10 control vectors that carry an indicator gene.

17. The kit of claim 16, further comprising at
least a second receptacle, said second receptacle
including a test standard stock consisting essentially of

15 positive control vectors.

18. The kit of claim 17, wherein said receptacles
contain test standard stock mixtures of positive control
vectors and negative control vectors containing

20 predetermined percentages of each kind of vector.

19. The kit of claim 18, wherein said test standard
stock mixtures comprise one or more of a percentage of
vectors encoding an indicator gene selected from the

25 group consisting of 0.1%, 0.5%, 1.0%, 2.0%, 5.0%, 10% and
20%.

20. The kit of claim 16, wherein said indicator
gene encodes luciferase.
30
21. The kit of c¢laim 16, wherein said vector is
adenovirus.
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20 and 20% Adl uc (reconstituted positive controls), and pghe— fest |ot
of Adpb3. Al groups were set up in triplicate. Cel l TMMM@B%@%
daily (two counts per dish) for 5 days. The experi nent vvasRmI;_AiggDne

tinmes. 25 The results are shown in FIG 1 and FI G2—F&
shows t hewW®res28815d i nhi bition of SAOS cell's by Adp53 PCTNS96/02882 St ock and ;
the |l esser inhibition where def t/| vect or has been added.

Statistically significant and eproduci bl e di fferences can be neasured
by day 3 of the 30 assay and is clearer at ‘day 5. FIG 2, for exanple,

on day 3 the nean cell count was 254 (S.D.) for Adp53 pi oneer

stock, and the nean cell count for Adp53 with 1% def ective vector was

36+4. This difference is significant at the p<.02 level. The limt of

sensitivity 3st-#ef—phe—a§a+a-ppeahs—@e—be—¥%ae—bhe—d4++e+eneee—L?

0.5% and 0. 1% deffecti ve vector are not statistically significan§. Thus

the presence of Y% defegtiv ector in WO 96/ 2551

PCT/ US96/ 02042 %’ff'uc - 15§} - a4 preparation is

bi ol ogically S&gdl fi cant_and* ¥ t%ctabl e r epr odyet+s his assgy.
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l.n conclusion, the devel opnent of a biologic 5 standarg-conbined-wi-thais
surrogate faor p53 mutant vector _____has resulted in théTHS/SHBPTHAS RRENA

sensitive bi oassay for inactive vector. Wile the ¢gonpofiiRLAGEDand
met hods of this invention have been described in terms—of prefe¥r ed
enbodi ment™@ %2851} | | be apparent to those of 10 skill i nPETESE02042 hat
variations nay be applied to the conposition, nethods and in the steps
or in the sequence of stepQ #f2the nethod described herein without
departing fromthe concept, spirit and scope of the invention.
More specifically, it will be apparent that certain 15 agents that are both
chem cally and physiologically rel ated may be substituted for the
agents descri bed herein while the same or simlar results would be
achieved. Al spghsiodlar suhstitutes and nndifications —apparent to
those skilled in f§fhe art afe deened to be 20 within the spirit, scopefjand
concept of the ingention.a% defined by the appended_g¢l ai .
WD 96/ 25515 '~ PCT/ US%G/ 02 14%“
- 16 - TF]Q) L Nef erendes, to the extent that the¥ 1E|€8Vida
exenpl ary procedu det ai{l s suppl enentary to —+ t €set{forth
herein, are specifi d — %l
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et aI In uctlon(ﬁ -<chenpsensitivity in human

Iung cancer cells in_vivo y adenovi rus- nedi at ed transfer of the
wi | d-type p53TYeRReCultureeFoRbgction, RockvidlepzoMP)aoguffigdent 20

Hol | stei n et gkowthpéahmbieibﬁnacbﬂrbuEﬁnsceacsraay Sci ence,
253:49-53, 1991. Mercer, "Cell cycle regulatlon and the p53 tunor

suppressor protein," Critic. Rev. Eukar. Gene 25 Express, 2:251-263,
1992. Spandidoa genekal senPat hohe, tESleaépectQ&& the presenaval i

.et‘al., FéSEBinéegg98n32ﬁ601&830a3§25s1ng tumor cell growth after a
sufficient period of time. Growth can be assessed by
cell counting techniques well known in the art.

Finally, the fourth aspect of the present invention

10 generally involves comparing the growth of tumor cells
infected with vector stock to standard test stocks
comprising vectors containing known amounts of vector
carxrying a functional effector gene, i.e., positive
control vectors, and negative control vectors.

15 Functional effector gene refers to the therapeutic gene
of interest which 'is theoretically contained in some
amount in the vector stock being tested. Such effector
genes include tumor suppressor genes, anti-sense
-constructs-andfée#gﬁgrgs

20 _

In a more preferred embodiment, the present
invention provides that‘the vectors claimed are
adenovirus vectors. Further, these adenovirus vectors
can be contained within infectious adenovirus particles.

25 ,

In yet another preferred embodiment, the therapeutic
effector gene chosen to be incorporated into vector is a
tumor suppressor. A particularly effective effector gene
is the wild-type p53 gene.

30

In still another preferred embodiment, the
percentage of statistically 81%n1flcant detectable
defective vectors is between ﬂ—s'and 10%. A most
preferred embodlment dictates the percentage of

35 statistically 31gn1f1cant detectable defective vectors is
greater than 6—5%
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Claims:
1. A method for determining, the percentage of

defective vectors in a sample vector stock, wherein at

5 least some the vectors in said stock carry an effector
gene that encodes a product that inhibits growth of tumor
cells, induces apoptosis of tumor cells or kills tumor

cells, comprising the steps of:

10 a) contacting tumor cells with said sample
vector stock under conditions permitting
the introduction of said stock into said

cells;

15 b) incubating said tumor cells under
conditions permitting growth of said

cells;

c) assessing tumor cell growth after a
20 sufficient period of time;

d) comparing tumor cell growth with the
growth of cells when contacted with one or
more test standard stocks comprising

25 positive control vectors carrying a
functiorial effector gene and negative
- control vectors not carrying a functional
effector gene. '

30 2. The method of claim 1, wherein said negative
control vectors encode an indicator gene.

3. The method of claim2 , wherein said indicator
gene is a luciferase gene.
35
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gClal 1. A nethod for per cent age of
fdefeﬂ ive veegtors in a sanple vector stock, Hr“l mﬂ"ll [“Ieast sone the

vectorsﬁ n said stock carry an effector * genett hat sencodes, a product
that inhibits growh of tunor cells, induces apoptosis of: tundr oeLrs
or kills tunor cells, conprising the steps of: °~ 10 - ) IR
contacting tunor cells mnth sai d sanpl e vector stock under
conditions permtting the introduction of said stock into
sai d cells; 15 b) _jgicubating said tunor cells
under conditions permtting growth of said

cells; assessing tunor cell growh after a 20

suf fi ci ent perlod of ti ..copparin unDr cell owh wth
t he *gr owtnﬁ‘%fmﬁiét‘?g \ﬂfenéj}c%’rﬂ ag‘p @ DR vedtdrs are
nore test standadersiviohss Carghrorinngs vaccinia v1rqms:rt av]erme-ratsnsuciated

vectors carrylng, s vectors functional effector gene and negative
control vectors not carrying a functional ef fect or gene.
5. The method of claim 4, wherein said vectors are

adenovirus vectors.

6. The method of claim 5, wherein said adenovirus
vectors are contained within infectious adenovirus
particles.

7. The method of claim 1, wherein said effector gene
is a tumor suppressor gene.

. 8. The method of claim 1, wherein said effector gene
induces apoptosis. '

9. The method of claim 7, wherein said tumor
suppressor gene is a wild-type p53 gene.

10. The method of claim 9, wherein said tumor cells are
lung, ¢olon, breast, pancreas, prostate, head and neck and

skin cancer cells.

11. The method of claim 1, wherein the 1limit of
detection of defective vectors is greater than .05%.

12. - The method of claim 1, wherein said 1limit of
detection of defective vectors is between .05% and 10%.

- 13. The method of claim 1, wherein said period of time
is between 2 to 10 days. .
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mherernfsald i ndi cat or gene is a luciferase gdne? R
-19- 4, The nethod of claim1, wherein said vectors are adenOV|rus
‘retrovirus, vaccinia virus or adeno-associ ated virus vectors. ) " The
nmet hod of claim4, wherein said vectors are adenovirus vectors. 6.

Thé nethpd of claimb5, wherein said adenovirus vectors are contained
within infectious adenovirus particles. -20-

14. The method of claim 13, wherein said period of time
is between 3 to 5 days. p
15. The method of claim 1, wherein said test standard
stocks comprise one or more of a percentage of negative
control vectors selected from the group consisting of 0%,
0.1%, 0.5%, 1.0%, 2.0%, 5.0%, 10%, 20% and 100%.

l6. A kit for use in a method according to any one of
claims 1 to 15 comprising at least two receptacles wherein
said receptacles contain test standard stock mixtures of
positive control vectors and negative control vectors
containing predetermined percentages of each Kkind of
vector. '

17. The kit of claim 16; wherein said test standard
stock mixtures comprise one or more of a percentage of
negative control vectors selected from the group consisting
of 0.1%, 0.5%, 1.0%, 2.0%, 5.0%, 10% and 20%.

18. The kit of claim 16 or 17 wherein the negatlve
control - vectors carry an indicator gene.

19. The kit of claim 18, wherein said indicator gene
encodes luciferase.

20. The kit of any one of claims 16 to 19, wherein said
vectors are adenovirus vectors.
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7. The nethod of claim1, wherein sald effector gene is a tunor

Suppr essor gene. 8. The nmethod of claim1l, wherein-said effector: gene
i;nduces. apopt osi s. 9. The nmethod "of claim 7, mhereln sai d; :
tunor suppressor gene is a wild-type p53 gene. - 10. The met hod of cralm
9, wherein said tunor cells are lung, colon, breast, pancreas, prostate,
head and neck and skin cancer cells. 11. The nethod of claim 1,
wherein the linmit of detection of defftive vectors is greater than .05%
12. The nethod of claim1, wherein said linit of detection of def ecti ve
-vectors is between .05% and 10% i The nethod of claim1, wherein
said period of time is between 2 to:il VS

6007 —o— 0% Luc
—=— 0.1% Luc
—o— 0.5% Luc
500 A —e— 1% Luc

—0— 5% Luc

—e— 10% Luc
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CELL NUMBERS X10000
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-20- 14, The net hod of cl aim 13, mhereln said period of tinme is between
3 to 5 days. 15. The nmethod .of claim 1, wherein said test standard._.
stocks conprise one or nore of a percentage of negative control vectors
sel ected fromthe group consisting of 0% 0.1% 0.5% 1.0% 2.0% 5. 0% » *
10% 20% and 100% 16. A kit for use in a nethod according to any one
of clains 1 to 15 conprising at |east b receptacl es wherein said ,
receptacl es contain test standard stoc ?ﬁixtures of positive control
vectors and negative control vectors containing predeternm ned percentages
of each kind of vector. 17. The kit of claim 16, wherein said test
standard stock m xtures conprise one or nore of a percentage of negative
control vectors selected fromthe group consisting of 0.1% 0.5% 1.0%
2.0% 5.0% 10% and 20% 18. The kit of claim16 or 17 wherein the
negative control vectors carry an indicator gene. 19. The kit of claim
18, wherein said indicator gene encodes |uciferase.
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adenovi rus vectors.

.

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau :

.-Theskit. of any one of clains 16 to 19, wherein said vect or sSREHH'S Copy

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

C12Q /18 Al

N

{(11) International Publication Number:

(43) International Publication Date:

WO m\}sxf |

22 August 1996 (22.08.96)

N

(21) International Application Number:

P!

(2) Internatona Flog Dute: 14 Februmry 1955140296
(30) Priority Data;
08!39{)}5{ 17 February 1995 (136295)  US

(71) Applicants: BOARD OF REGENTS, THE UNIVERSITY
OF TEXAS SYSTEM [US/US); 201 West 7th Street,
Austin, TX 78701 (US). RHONE-POULENC RORER S.A.
[FR/FR};, 20, avenue Raymond-Aron, F-92165 Antony
Cédex (FR).

(72) Inventors: ROTH, Jack; 2324 Bolsover, Houston, TX 77005
(US). ZHANG, Wei, Wei; Apartment 104, 1805 Country
Drive, Graylake, IL 60030 (US). TOCQUE, Bruno;
58, boulevard Saint-Denis, F-92400 Courbevoie (FR).
BRACCO, Laurent; 10, rue du Moulin-des-Prés, F-75013
Paris (FR).

{74) Agent: HIGHLANDER, Steven, L.. Amold, White & Durkee,
P.O. Box 4433, Houston, TX 77210 (US).

L/
(81) Designated States: AL, AM, AT, AU, AZ, BB,

BG, BR, BY,
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS
JP, XE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD,

MG MN, MW, MX: NO, NZ, PL, PT, RO, RU, SD,

SE, SG/ §1, SK, TJ, TM, TR, TT, UA, UG, UZ, VN, ARIPO
patent (KE, LS, MW, SD, SZ, UG), Eurasian patent (AZ,
BY, KG, KZ, RU, TJ, TM), European patent (AT, BE, CH,
DE, DK, ES, FR, GB, GR, IE, IT, 2 IT, LU, MC, NL. PT. SE).
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR,
NE, SN, TD, TG).

Published

With international search report. '

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

VECTOR PREPARATION

(54) Title: A RAPID TEST FOR DETERMINING THE AMOUNT OF FUNCTIONALLY INACTIVE GENE IN A GENE THERAPY

IHHH

Cell nuinbers X10000

10

(57) Abstract

Days

The present invention relates generally to the area of quality contvol for recombinant agents to be used in gene therapy. Specifically,
the invention concerns an assay used to identify the percentage of defective or therapentically inactive vector in a vector stock.




