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DESCRIPTION                 A RAPID TEST FOR DETERMINING THE AMOUNT
OF FUNCTIONALLY INACTIVE GENE IN A GENE THERAPY  5
VECTOR PREPARATION        Field of the Invention           The present
invention relates generally to the area      of quality control for
recombinant agents to be used in 20  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 15  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 20
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 people annually in the      United States.
Recently, age-adjusted mortality from 25   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 30   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 35
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           WO 96/25515
PCT/US96/02042                                   -2-       oncogenes is
known to result in the development of      cancer. "Oncogenes" are
genetically altered genes whose      mutated expression product somehow
disrupts normal      cellular function or control (Spandidos et al., 1989).
5           Many oncogenes studied to date have been found to be 



"activated" as the result of a mutation, often a point      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 p53 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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-3-       induction of apoptosis (Yonish-Rouach et al., 1991, and,
Shaw et al., 1992).           Various mutant p53 alleles are known in which
a  5 single base substitution results in the synthesis of     proteins that
have altered growth regulatory properties     and, ultimately, lead to
malignancies (Hollstein et al.,     1991). In fact, the p53 gene has been
found to be the     most frequently mutated gene in common human cancers 10
(Hollstein et al., 1991; Weinberg, 1991), and is     particularly
associated with those cancers linked to     cigarette smoke (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            WO 96/25515
PCT/US96/02042                                   -4-       genes.
Adenovirus vector systems have recently been      proven successful in
vitro and in animal studies in      certain gene transfer protocols.    5
As the methods and compositions for gene therapy of      cancer are
improved, clinical treatments are becoming      possible. This will require
the large scale production      of vector stocks. Such large scale
production involves 



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      agencies 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 vectors 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.     
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Summary of the Invention           The present invention addresses the
foregoing need     by providing an assay for measuring the quality of
vector     preparations for therapeutic use. Specifically, a method  5  for
determining the percentage of defective or      therapeutically inactive
vectors in a sample vector stock      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 conditions          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
WO 96/25515                                      PCT/US96/02042
-6-       that will infect the particular tumor cells of interest
under conditions sufficient to permit such infection.      The vector may
contain various regulatory elements such      as promoters and/or
enhancers. The stock will contain  5 from 0 to l00% functional effector
gene. Specific      examples of such vector stocks include but are not
limited to viral vectors such as adenovirus, retrovirus,      vaccinia
virus, and adeno-associated virus. The tumor 



cell being contacted will be a target, subject to 10   infection by, the
particular vector stock employed for      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 cells 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-LM tumor cells (American        WO
96/25515                                       PCT/US96/02042 



Type Culture Collection, Rockville, MD), sufficient      growth inhibition
occurs in 3 to 5 days.             In a general sense, the third aspect of
the present  5   invention involves assessing 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      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 toxin genes. 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 0.05
and 10%.  A most      preferred embodiment dictates the percentage of 35
statistically significant detectable defective vectors is      greater than
0.05.            WO 96/25515
PCT/US96/02042               Another embodiment of the present invention
provides      a kit comprising at least one receptacle which contains a
test standard stock. The test standard stock or stocks      included within
the kit contain known percentages of  5 defective vector compositions. In a
preferred embodiment      the defective vector composition or compositions
are made      up of vector incorporating the 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 Adp53
containing      varying amounts of Adluc. Each point represents the mean
ISD for triplicate dishes.            FIG. 2. Expansion of the growth
curves from FIG. 1. 25  Each point represents the mean ISD for triplicate
dishes.       Detailed Description of the Preferred Embodiments
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
WO 96/25515                                      PCT/US96/02042 



-9-      placed on biologic function. One way of standardizing     biologic
function is to produce test standard stocks of     the therapeutic vector
that mimic the biologic activity     of vector stocks containing various
percentages of  5 defective vectors. It is potentially hazardous to create
defective vectors containing mutated therapeutic genes to      standardize
evaluative assays. For example, a mutated      p53 gene could be
potentially harmful. Therefore, an      assay has been developed for
determining the percentage 10  of defective vector in a sample vector stock
which     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. In 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            WO 96/25515
PCT/US96/02042                                  - 10 -       transcription
of the effector gene (enhancers). The      regulatory elements may include
structures that permit      expression of the effector in a limited class
of cells      (cell-specific promoters).  5          Where standard
expression vectors are used, various     methods for their introduction
into cells will be     employed. For example, the vectors may be
encapsulated     in liposomes, conjugated to targeting agents, attached to
10  microparticles or otherwise modified to permit uptake or
introduction into target cells. It also 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. In 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.            WO
96/25515                                  PCT/US96/02042
- 11 - 



For example, some tumor suppressor genes will inhibit the      growth of
tumor cells while others will restore normal      programmed cell death of
cells. p53 is a classic example      of a tumor suppressor. Other tumor
suppressors include  5  RB, APC, DCC, NF-1, NF-2, WT-1, MEN-I, MEN-II,
BRCA1,      VHL, FCC and MCC. Oncogenes are appropriate targets for
antisense constructs and include ras, myc, neu, raf, erb,      src, fms,
jun, trk, ret, gap, 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 sensitive to an outside agent such as a      cell surface antigen or
thymidine kinase also will permit 15  killing of cells.             CELLS:
In 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 p53.
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 



according 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            WO 96/25515
PCT/US96/02042                                  - 12 -       effector
activities such as growth in soft agar or colony      formation, the
appropriate conditions, times and      additional treatments will be clear
to the skilled      artisan.  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 vector-gene
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.            KITS: 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           WO
96/25515                               PCT/US96/02O42
- 13 -       luciferase, that permits the user to monitor the amount 



of negative control vector that is in a test vector      stock. Such kits
also may contain trays or dishes      suitable for culture of cells,
dilution buffers and  5   chambers, cells for propagation of the negative
control     vector, media and instructions.            ADENOVIRUS-p53:  In
a preferred embodiment, the      assay is designed to measure the tumor
suppression 10   activity of an adenovirus-p53 construct (Adp53).  While
the mutation rate for viral vectors is not documented,      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 10[err] adenoviral particles there could be as many as
10[err] copies of inactive or mutant p53 expressing      adenoviruses.
The identification of mutant vectors by molecular 20  means such as
PCR[err] 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 quantitate.  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
Adp53 vector with the activity of newly     produced sample stocks. The
pioneer stock of Adp53 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            W0 96/25515
PCT/US96/02042                                  - 14 -       orthotopic
model of human lung cancer growth in nude mice      (Fujiwara et al., 1994;
Zhang et al., 1993). By adding      increasing amounts of defective vector
to the pioneer      stock (i.e., a stock of positive control vector), it is
5 possible to mimic a sample stock with varying amounts of      defective
Adp53. The sample Adp53 is then tested for its      ability to kill SAOS
cells in 5 days and the growth curve      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
10[err] cells per 60 mm culture dish.      Dishes were then incubated at
37[err]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 5      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 254 (S.D.) for Adp53     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           WO 96/25515
PCT/US96/02042                                 - 15 -      a preparation is
biologically significant and detectable     reproducibly by this assay.  



In conclusion, the development of a biologic 5 standard combined with a
surrogate for p53 mutant vector     has resulted in the development of a
sensitive bioassay     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.
WO 96/25515                                       PCT/US96/02042
- 16 -       The following references, to the extent that they provide
exemplary procedural or other details supplementary to      those set forth
herein, are specifically incorporated 
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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                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 claim2 ,
wherein said indicator      gene is a luciferase gene. 35
-19-   4.     The method of claim 1, wherein said vectors are adenovirus,
retrovirus, vaccinia virus or adeno-associated virus vectors.   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, colon, breast, pancreas, prostate,
head and neck and skin cancer cells.   11.    The method  of claim  1,
wherein the  limit  of detection of defective vectors is greater than .05%.
12.    The method of claim 1, wherein said limit 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.         



-20-  14.    The method of claim 13, wherein said period of time is between
3 to 5 days.   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%.   16.    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 kind 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
negative 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.    


