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DETECTION METHODS FOR TARGET DNA

BACKGROUND
[001] The availability of simplified and controlled tests for detecting

exogenous DNA molecules is of great demand in infectious disease diagnosis
and evaluating the response to treatment, evaluating biodistribution of vectors
used in legitimate gene therapy clinical trials, and detection of illicit gene
doping. Real-time PCR can detect specific DNA signals, even at a very low
concentration with reliability and specificity. In addition, real-time PCR is
amenable to automation and remote data collection for high throughput
screening. Tagman real-time PCR, using specific sequence probes, provides
an efficient method to detect exogenous DNA accurately and quantitatively.
However, to determine with confidence if the PCR signal is not a false positive
or a false negative requires multiple controls. In addiﬁon, for quantitative
determination of copy number, external copy number standard curves are
required and pose a risk of contaminating the laboratory.

[002]) Several viral-based and non-viral based gene transfer systems
are being developed and evaluated in human clinical trials. These systems
have demonstrated the ability to safely and efficiently deliver therapeutic
transgenes to a variety of tissues of animals and humans, and examples of
therapeutic benefit in humans are increasing [1,2,3,4,5,6,7]. Recombinant
adeno-associated viral (rAAV) vectors and naked plasmid are two such gene
transfer systems capable of gene delivery 1o skeletal muscle of animals
[8],[9,10,11,12] and humans [13,14,15,16]. Recently, as an alternative to
direct injection, regional vascular infusion of vector to achieve skeletal muscle
transduction has been reported for plasmid DNA [17,18] and for rAAV vectors
[19,20].

[003] When developing legitimate gene transfer modalities for gene

therapy and vaccination, the evaluation of the distribution of vector sequences
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in pre-clinical animal studies and human clinical trials is required by regulatory
agencies to determine the level of gene delivery 1o the target tissue and non-
target tissues transduced collaterally, and to evaluate vector shedding into the
environment. The type of vector, the delivery method, injection schedule,
route of administration, and administrated dose are the main variables to
impact biodistribution and shedding [20,21,22,23,24]. To date, traditional real-
time PCR assays have been used to analyze rAAV vector distribution after
administration in human trials [25] or animal models [9] [26] [27,28,29]. To
control for the presence of different potential inhibitors for each tissue source
(eg. matrix effects), a common practice is to analyze each sample in duplicate
with one of the duplicates spiked with a known number of copies of a plasmid
harboring the PCR target sequences.

[004] Sports organizations have increased their focus on developing
efficient ways to curtail the illegitimate use of genes or genetic elements that
have the capacity to enhance athletic performance, also referred to as gene
doping [30]. These organizations recognize that gene doping has the potential
to threaten the integrity of sport, undermine principles of fair play in sport,
imposes potential harm to non-doping athletes, and involves major health

risks to athletes [31].

SUMMARY

[005] One of the major challenges in standard real-time PCR analysis
is how to eliminate the false negative signals which can be caused by
inhibitors [33] or inefficient PCR conditions. Although multiplex Tagman PCR
assays have been applied in an effort to address problems of reliability, such
as by adding an extra primer-probe sets targeted to other endogenous DNA
sequences (housekeeping genes), however, the sequence and secondary

structure differences between primers and probe binding sites, and amplified
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sequences contribute to different detection efficiencies. Competitive PCR
methods can be used to quantify DNA copy number, however, the method is
limited by the necessity of assembling multiple competitive reactions for a
single determination and, most notably, the need for a post-PCR
electrophore-sis-based detection and analysis step. In realizing these
problems and difficulties of utilizing real-time PCR to detect exogenous DNA
sequences, different Tagman PCR assays which use internal controls have
been applied in an effort to address problems of reliability, such as by adding
an extra primer-probe set targeted to other endogenous DNA sequences [34]
or exogenous targets [34,35,36,37,38,39,40,41]. These previous approaches
were primarily aimed at controlling sample adequacy, eliminating false
negative results, performed in separéte reactions, did not share the same
primers, or preferentially amplified the target.

[006] In realizing these problems and difficulties of utilizing real-time
PCR to detect exogenous DNA sequences, the inventors have developed a
more efficient and simple detection system. According to one embodiment,
the system includes the use of an internal threshold control (ITC) template
and corresponding ITC probe. Sample DNA, a prescribed number of ITC
template molecules, a single pair of primers, target probe, and ITC probe are
added 1o one reaction. Marker signals, such as fluorescence emission signals
are obtained simultaneously to determine the cycle thresholds (Ct) for
amplification of the target and ITC sequences. Comparison of the Ct from the
ITC and the Ct of the target is the parameter used to determine if a test
sample is positive or negative for the presence of a homologous or
nonhomologous exogenous DNA sequence.

[007] As will be discussed in more detail herein, such in reference to
FIG. 3, for the ITC assays, if the Ct of the Target probe is less than or equal to

the Ct of the ITC probe, then the sample is considered positive (meaning that
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there is the same or more copies of the target sequence of interest relative to
the ITC template). Additionally, if the Ct of the Target probe is greater than the
Ct of the ITC probe, then the sample is considered negative. In a typical
embodiment, the primers recognize both the target sequence and ITC
template.

[008) The inventors have developed different ITC assay
methodologies, which have validated the effectiveness of technology. For
example, real-time PCR assays were developed to detect a performance
enhancing transgene (erythropoietin, EPO) or vector backbone sequences in
the presence of endogenous cellular sequences. EPO is a therapeutic gene
that has been clinically evaluated and can potentially be illicitly used for gene
doping. Two different ITC¥P° duplex assays target macaque and human

" EPO cDNA. These [TCEFO duplex assays are performed in ,the'presence of
the cellular homologous genomic DNA locus, thus the ITC assay format is
capable of distinguishing the cDNA carried in a gene transfer vector from the
cellular host genomic DNA. By real-time PCR, the vector transgene is
distinguishable from the genomic DNA sequence due to the absence of
introns, and the vector backbone can be identified by heterologous gene
expression control elements. In addition to developing the real-time PCR
assays and ITC assay format, the steps i‘nvolved in specimen collection, DNA
extraction, DNA storage and DNA transport were validated. Bio-distribution of
gene transfer vectors in legitimate gene therapy clinical trials is an important
parameter to evaluate biosafety in humans. Thus, ITC assays might be
applied to legitimate pre-clinical studies and clinical gene therapeutic trials to
determine the presence or absence of gene transfer vector sequences in
different tissues.

[009] Embodiments of the technology are also capable of being used

for detection of human infectious agents such as viruses or bacteria that have
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sequences that are nonhomologous to human genbmic DNA. Those skilled
in the art will appreciate in view of the teachings herein that certain
embodiments of the invention can be used to determine the presence of a

target sequence of interest in a sample. |

BRIEF DESCRIPTION OF THE DRAWINGS

[010] Figure 1. Internal Threshold Control (ITC) assay format.
Panel (A) ITCE? duplex assay format. The EPO probe specifically detects
the EPO cDNA harbored in rAAV vectors. The EPO ITC probe recognizes
only the synthetic ITCE”© template. The EPO primers recognize the EPO
cDNA, the ITCEPC template, and the genomic EPO locus. Panel (B) ITCM
duplex assay format. The CMV probe specifically detects the CMV immediate
early promoter region in the pSSV9-MD2-cmEPO plasmid. The CMV ITC
CCMV

probe recognizes only the synthetic IT template. The CMV primers

C™ template.

recognize the CMV promoter and the IT

[011] Figure 2. ITC duplex assay equivalence testing. All thr_ee ITC
duplex assays were tested in the presence of same amount of target and ITC
template and 500ng naive gDNA. Five copies of pSSV9-MD2-cmEPO plasmid
and ITC™EFO template were amplified using the ITC™FC duplex assay. 10
copies of pShuttle-CAG-hEPO-pA plasmid and [TC"° template were
amplified using the ITC"E duplex assay. 10 copies of pSSV9-MD2-cmEPO
plasmid and ITC™" template were amplified using the ITC®™" duplex assay.
Each reaction was repeated 15 times. Similarities in mean Ct values were
analyzed by SAS9.2.

[012] Figure 3. ITC duplex assay competition testing. The copy
number of the ITC template was held at 5 copies (¢cmEPO ITC) or 10Acopies
(hEPO or CMV ITC) in each reaction, while the target template was titrated

from 5 or 10 copies to 100 copies. Each reaction was repeated 5 times in the
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presence of 500ng naive gDNA to obtain the mean Ct value. Panel (A)
ITCS™EPO guplex assay, Panel (B) ITC"EP duplex assay and Panel (C)
ITC duplex assay.

[013] Figure 4. ITC duplex assay interference testing. Target
plasmid (.) and ITC template ( () were amplified in one reaction in the
presence of 500ng naive gD‘NA to test the influence on the Ct between the
two DNA targets. The total copy number of the plasmid and ITC template was
maintained at 100. The target plasmid copy number is 10, 25, 50, 75, 90 and
the ITC template copy number is 90, 75, 50, 25, 10 from left to right. Each
reaction was repeated 5 times to obtain the mean. Panel (A) ITC*™"° duplex
assay Panel (B) ITC"F° duplex assay and Panel (C) ITC®™" duplex assay.

[014] Figure 5. Alignment between the macaque and human Epo
genes. The location of the macaque assay (across the exon 2-3 boundary) is
similar to the homologous location of the human assay (across the exon 3-4

boundary).

DETAILED DESCRIPTION

[015] The inventors have developed a system that enables the
straightforward, accurate and efficient detection of exogenous sequences in a
biological sample. Embodiments of the invention include the detection of
genes that can be used in gene doping and may also be implemented to
detect and monitor the efficacy, safety and spread of vectors and other
constructs utilized for legitimate gene therapy. In certain specific
embodiments, the invention pertains to methods, genetic constructs, and
systems that are engineered to identify transfected or transduced cDNA
sequences that pertain and can be homologous to endogenous genomic
DNA. In alternative embodiments, such as, but not limited to, those related to

monitoring the use of viral vectors for gene transfer or detection of infectious
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agents, the invention pertains to detection of any foreign DNA material
including, but not limited to, transfected, transduced or infected exogenous
DNA material.

[016] In one embodiment, the invention pertains to a method of
detecting exogenous DNA material in a subject. The term “exogenous DNA”
means DNA that would not otherwise be in a subject but for the intentional
transfection or transduction of exogenous DNA into the subject or infection.
The method includes obtaining a specimen and preparing a DNA-containing
sample from said subject and conducting real-time PCR on the DNA sample
in the presence of a prescribed amount of an ITC template, primers for a
target DNA sequence; a target probe that binds to the target DNA sequence
and an ITC probe. Examples of a sample include, but are not limited to,
blood, urine, mucous, hair, semen, or tissue sample. The method involves
then determining whether the target DNA sequence amount is equal to or
greater than the ITC template amount. In the case of determining Ct, the
lower the Ct the higher the amount of copies are present in the sample.

[017] In a specific embodiment, the target DNA sequence pertains to
an exon-exon junction of a cDNA that is homologous to an endogenous gene.
In @ more specific embodiment, the endogenous gene is erythropoetin.

[018] In a typical embodiment, the ITC template and the target DNA
sequence comprise primer binding sequences that are homologous. In the
context of the primer binding sequences, the term “homologous” means that
sequences are sufficiently the same so as to each be recognized by the same
primers.

[019] The inventors have determined that the sensitivity of their
method is exceptional and can reliably detect the presence of approximately 5
copies of the target or ITC template in the presence of 500ng of genomic DNA

(equivalent to 75,000 diploid genomes). This means that the ITC assay
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format can determine whether there are approximately 5 or more copies of
illicit genes in a sample from a subject. In a more specific embodiment,
approximately in the context of copy number means 1-3 copies more or less.
Thus, approximately 5 or more copies may be 2 or more, 3 or more, 4 or
more, 6 or more 7 or more copies, etc. This level of sensitivity dramatically
increases the ability of determining whether someone has undergone
prohibited gene doping, or the presence of vector sequences in legitimate
gene transfer, or presence of infectious agents.

[020] In most cases, the method embodiments are utilized to detect
foreign DNA in a human, but can be used for non-human animals as well. In
other words, this can be used to monitor gene doping in race horses or other
race animals, and the presence of vector sequences in tissues analyzed in
pre-clinical studies used to support human clinical trials It also could be used
by the USDA to monitor whether meat or plant based materials have been
genetically modified.

[021] In a more specific embodiment, the ITC probe includes a
fluorophore that generates a first color signal and the target probe comprises
a fluorophore that generates a second color signal. Detection can be
conducted by determining whether the Ct of the target is less than or equal to
the Ct of the ITC template (positive), or greater than the Ct of the ITC
(negative).

[022] In yet another embodiment, the invention pertains to a system
for detecting foreign DNA material in a subject. The system includes a real-
time PCR instrument that includes a receptacle for holding a PCR reaction
containing the DNA sample; and a known amount of copies of an ITC
template, primers for a target DNA sequence; target probe specific to said

target DNA sequence and an ITC probe disposed in said receptacle.
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[023] Another embodiment of the invention pertains to an ITC
template. The template comprises a probe binding sequence that binds to a
corresponding ITC probe and flanking sequences that hybridize to the
primers. The ITC template’s flanking primer recognizing sequences are
homologous to primer sites of a separate target DNA sequence, however, the
target DNA sequence lacks the ITC probe binding sequence. This prevents
cross-interaction between the ITC probe and the target DNA sequence.

[024] General Features of one ITC embodiment

a. Primers are the same for ITC template and target sequence

b. Primers are separated by a similar distance in ITC template and
target.sequence

c. The ITC probe and Target Probe have similar Tm's.

d. Two different probes (dyes) are detected

e. Readoutis simple

[025] A further embodiment of the invention pertains to a system for
detecting presence of a target DNA sequence in a biological sample. The
system includes an ITC template that includes a probe binding sequence that
binds to a corresponding ITC probe and a first and second flanking primer
recognizing sequence that bind to a first and second primgr, respectively.
The system also includes an ITC probe that binds to the ITC template probe
binding sequence. The ITC probe includes a first marker molecule. The
system also includes a first primer that binds to the first flanking primer
sequence and a second primer that binds to said second primer sequence.
The system further includes a target DNA sequence probe, wherein the target
DNA sequence probe comprises a second marker molecule.

[026] General features/advantages of a method embodiment.

9
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--Single tube: DNA sample + master mix (including primers,
ITC probe, Target probe, and ITC template)
--Specific and sensitive, all samples INTERNALLY controlled
--Fast: 2 to 3 hours (including set up and analysis)
--No standard curve titration tubes (NO EXTERNAL STDS)
needed
--High throughput: many samples analyzed at once
--Automated: data captured by PCR machine
--Can Transfer results to centralized database(s). Database(s)
can be accessible by multiple remote users.
--No cumbersome manipulations
( such as 2 PCR reactions for nested PCR or Gel
electrophoresis analysis)
--Reduced risk of contamination (false positives)
--No positive control plasmid needed
--uracil-N-glycosylase (UNG) can be used in specific
embodiments which acts to prevent the reamplification of

carryover PCR products in subsequent analyses

[027] Examples
[028] Detection of EPO
[028] A. Materials and Methods

[030] Recombinant human and macaque EPQ plasmid

[031] The pShuttle-CAG-hEPO-pA plasmid contains the human
erythropoietin (hEPO) cDNA under the control of the CAG promoter and the
SV40 polyA (pA) sequence. The pSSV9-MD2-cmEPO rAAV vector plasmid
harbors the macaque Epo (cmEPO) transgene under the control of the CMV

10
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promoter and SV40 pA. The integrity of the plasmids was verified by complete

sequencing.

[032] rAAV Vector Production

[033] The rAAV1 and rAAVS: rAAV-MD2-cmEPQ vectors were made
by transient transfection of 293 cells and purified by cesium chloride density
gradients followed by extensive dialysis against phosphate-buffered saline.
Appropriate quality control was performed to evaluate viral vector purity,
vector genome titer, and infectious titer.

[034] rAAV vector administration to macaque skeletal muscle |

[035] Experiments were conducted on captive-bred cynomolgus
macaques purchased from BioPrim (Baziége, France). Animals were
prescreened for the presence of anti-AAV1 or 8 antibodies, SV40, and other |
pathogens. For direct rAAV IM injections, the total dose was split over one or
two pre-tattooed injection sites along the Tibialis Anterior muscle in a maximal
volume of 600ul. Mac 3 was injected with 2.5E10 vg/kg rAAV1-MD2-cmEPO
vector. Mac 4 was injected with 2.5E11 vg/kg rAAV1-MD2-cmEPO vector.
Mac 5 was injected with S5E9 vg/kg rAAV8-MD2-cmEPO vector. Mac 6 was
injected with 2.5E10 vg/kg rAAV8-MD2-cmEPO vector. All injections and
blood samples were collected under ketamine-induced anesthesia (10mg/kg).

[036] DNA extraction from macaque and human white blood cells

[037] Human (naive) and macaque (naive and rAAV transduced)
whole blood was collected and DNA extracted from the WBC pellet using the
Gentra Puregene kit (cat # 158467) from Qiagen. Concentration and purity of
the gDNA was determined using a nano-spectrophotometer from Implen.
Integrity of the DNA was verified by migration of 3pg of total DNA on a 0.8%
agarose gel, followed by Ethidium Bromide staining, and for macaque DNA by

real-time PCR of the endogenous macaque é-globin gene.
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[038] ITC assay Development

[039] Primer-Probe design

[040] Primers and probes were designed using ABI Primer Express
3.0 based on the cytomegalovirus (CMV) immediate early promoter in the
pSSV9-MD2-cmEPO plasmid, the human EPO gene (NC_000007.13), or
macaque EPO gene (NC_007860.1). Because of the constraints of the EPO
Exon-Exon junction sequences and the required Tm, screening of multiple
primer-probes combinations was required. Primer and probe sequences were
screened in silico against the human genome and the macaque genome

(http://genome.ucsc.edu/cqi-bin/hgPcr?command=start ). Primers, probes and

ITC templates were quantified using a nano- spectrophotometer from Implen.
[041) a. ITC*™*" duplex assay

[042] The cmEPO primer-probe assay targets the cmEPQO Exon2-3
junction, harbored in pSSVS-MD2-cmEPO plasmid. The ITCS™EP° duplex
assay was designed with forward primer
5AATGAGAATATCACCGTCCCAGACS', reverse primer
5AGCTTCTGAGAGCAGGGCC3', cmEPO probe 6FAM-
AAGAGGATGGAGG TCGG-MGBNFQ and ITC probe 6VIC-
CGGCCATTTTCCA-MGBNFQ. The ITC probe targets ITC™"° template of
two complimentary synthetic single strand DNAs that were annealed. The
sequence of the forward ITC template sequence is
5’GAATGAGAATATCACCGTCCCAGACACCAAAGTFAACTT ‘
CTATGCCTGGAAGACGGCCATTTTCCAAGCAGGCTGTAGAAGTCTGGCA
GGGCCTGGCCCTGCTCTCAGAAGCTGACGTS and the sequence of the
complementary sequence is

5CAGCTTCTGAGAGCAGGGCCAGGCCCTGCCAGACTTCTACA

12
SUBSTITUTE SHEET (RULE 26)



WO 2012/106428 PCT/US2012/023485

GCCTGCTTGGAAAATGGCCGTCTTCCAGGCATAGAAGTTAACTTTGGTG
TCTGGGACGGTGATATTCTCATTCTGCA.3'.

[043] b. ITC" ° duplex assay

[044] The hEPO primer-probe assay targets the hEPO Exon3-4
| junction, harbored in pShuttle-CAG-hEPO-pA plasmid. The ITC"F° duplex

assay was designed with forward primer
5TGAATGAGAATATCACTGTCCCAGAC3', reverse primer
5'CTTCCGACAGCAGGGCC3', hEPO probe 6FAM-AAGAGGATG
GAGGTCGG-MGBNFQ and ITC probe VIC-CGIGCC ATTTTCCA-MGBNFQ.
The ITC probe targets ITCMEPO template of two complementary synthetic-
single strand DNAs that were annealed. The sequence of the forward ITC
template is
5'GTGAATGAGAATATCACTGTCCCAGACACCAAAGTTAACTTC
TATGCCTGGAAGACGGCCATTTTCCAAGCAGGCTGTAGAAGTCTGGCAG
GGCCTGGCCCTGCTGTC GGAAGGACGTS3' and the sequence Qf the
complementary ITC sequence is |
5'CCTTCCGACAGCAGGGCCAGGCCCTGCCAGACTTCTACAGC
CTGCTTGGAAAATGGCCGTCTTCCAGGCATAGAAGTTAAC'I'TTGGTGTCT
GGGACAGTGATATTCTC ATTCACTGCAS'.

[045] c. ITC®™ duplex assay

[046] The CMV prirrier-probe assay targets the CMV imfnediate early
promoter junction, harbored in pSSV9-MD2-cmEPO plasmid. The [TCMY
duplex assay was designed with forward primer
5AATGGGCGGTAGGCGTGTAS', reverse primer
5'CGATCTGACGGTTCACTAAACG3', CMV probe 6FAM-TGGGAGGT
CTATATAAGC-MGBNFQ and ITC probe VIC-CG GCCATTTTCCA-
MGBNFQ. The CMV ITC probe targets ITC™ template of two

complementary synthesized single strand DNAs that were annealed. The
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sequence of the forward ITC template is -
5'CCGATCTGACGGTTCACTAAACGAGCTCTTGGAAAATGGCCGCCGTAC
ACGCCTACCGCCCATTCTGCAZ' and the sequence of the complementary
sequence is
5'GAATGGGCGGTAGGCGTGTACGGCGGCCATTTTCCAAGAGCTCGTTTA
G TGAA CCGTCAGATCGGACGTS’.

[047] Traditional real-time PCR program

[048] Tagman Real-time PCR conditions were optimized with primers
.and their corresponding fluorescent probes. The concentrations of 250nM
probe and 900nM primers were found to be optimal. 500ng of each DNA
sample was amplified in a final volume of 25uL containing 1x TaqMan®
Universal PCR Master Mix (Applied Biosystems cat# 4304437). Amplification
was performed using an ABI StepOnePlus PCR machine with an initial
incubation at 50°C for 2min, a denaturation at 95°C for 10min, then 40 cycles
of denaturation at 94°C for 15s and an annealing/extension step at 60°C for
1min. During thermal cycling, emission from each sample was recorded and
ABI StepOne software v2.0 processed the raw fluorescence data to produce

threshold cycle (Ct) values for each sample.
[049] ITC duplex assay real-time PCR program

[050] 500ng of macaque gDNA sample (for [TC°™E° duplex assay) or
human gDNA (for ITC"*C and ITC*™ duplex assays) was amplified in a final
volume of 30pL containing 1x TagMan® Universal PCR Master Mix (Applied
Biosystems cat# 4304437) or 1x TagMan® Fast Virus 1-Step Master Mix with

_ reverse trahscriptase (Applied Biosystems cat# 4444432). 5 copies or 10
copies of the corresponding ITC template were added in each reaction
system. DMSO (Sigma D2650) was added in the final master mix to increase
the assay sensitivity. Amplification was performed using an AB| StepOnePlus

PCR machine with an initial incubation at 50°C for 2min, a denaturation at
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95°C for 10min, then 40 cycles of denaturation at 94°C for 15s and an
annealing/extension step at 60°C for 1min. During thermal cycling, 6FAM and
VIC fluorescence emissions were recorded and ABI StepOne software v2.0
processed the raw 6FAM fluorescence data to produce threshold cycle (Ct)

values for testing samples and VIC fluorescence data for ITC templates.

[051] Statistical Analyses

[052] a. SAS Analyses

SAS 9.2 software was utilized to analyze data from ITC assays. SAS T-
Test procedure was‘ applied to compare the Ct values from each ITC assays.
SAS GLM procedure was used to perform One-Way ANOVA and Two-Way
ANOVA analyses.

b. Equivalence Testing

Independent sample equivalence testing was performed [42]. The null

hypothesis (Ho) is Ctrarget> Ctirc and Ctyager < Clire; The alternative
hypothesis (Ha) is Ctraget = Ctire. The tolerance limit (2) was set to 0.5 Ct to

evaluate the parity of the Ct's from the two different real-time PCR reactions in
the duplex assay. The confidence level (a) was set to 0.10. The critical t-value
is tq, 2+n-2 Which is obtained from the Student's t-test distribution table. The

observed t-values are calculated:

dis the difference in the mean Ct between the target sequence and

corresponding ITC template. Sy is the pooled standard deviation of the two

n=1)s! +(n-1)s’ « | 2n
(2n-2) (n*n)
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n: Number of replicates

S1: Standard deviation of Gtiarger.

S,: Standard deviation of Ctirc.

The rejection rule is: if t and tes > t o, 2+n-2, then reject Ho.

- [053] B. Results _

[054] A novel real-time PCR-based approach for detecting exogenous
DNA sequences has been developed. The system includes the use of an
internal threshold control (ITC) template and corresponding ITC probe. The
implementation of the ITC involves maintaining the melting temperature (Tm)
of the ITC probe similar to the Tm of the probe used for the target, having the
distance between the primer hybridization sites on the ITC template similar to
the distance in the target, and labeling the ITC probe with a fluorescent dye
different than the target probe. In this duplex assay format, the target and ITC
template are co-amplified by the same primers, but are detected by two
different probes each with a different fluorescent dye. Sample DNA, a
prescribed number of ITC template molecules set near the limit of sensitivity,
target primers, target probe. and ITC probe are amplified in one reaction.
Fluorescence emission signals are obtained by the real-time PCR machine
simultaneously to determine the cycle thresholds (Ct) for émplification of the
target and ITC sequences. Comparison of Ct from the ITC and Ct of the target
is the parameter used to determine if test samples are positive or negative for
the targeted DNA sequence. For the ITC duplex assays, if the Ct of the target

probe is less than or equal to the Ct of the ITC probe, then the sample is
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considered a true positive (meaning that there is the same or more copies of
the gene of interest relative to the ITC template). Additionally, if the Ct of the
Target probe is greater than the Ct of the ITC probe, then the sample is
considered negative.

[055] Figure 1 represents the features and rationale of applying the
ITC to detect exogenous sequences that are either homologous or non- '
homologous with genomic DNA. Two different ITCEP® duplex assays were
developed that target macaque or human EPO ¢cDNA. These ITC5P° duplex
assays are performed in the presence of the endogenous homologous
genomic locus, thus the ITC assay needs to distinguish the cDNA carried in a

“gene transfer vector from the cellular host genomic DNA. For this, the EPO
primer-probe assays were designed to target an EPO Exon-Exon junction
(Exon 2-3 junction for cmnEPQ and Exon 3-4 junction for hEPO). The synthetic
ITCEP® template includes a different probe binding site and maintains the
flanking EPO sequences including the EPO primer binding sites. As a
consequence, the EPO primers recognize the EPO cDNA in the viral vector,
along with the ITCE"® template, and macaque or human gDNA. However, the
EPO probe (6FAM dye) specifically detects the EPO cDNA, and the EPO ITC
probe (VIC dye) specifically detects the EPO ITC template and neither can
detect genomic DNA (Figure 1A).

[056] To demonstrate the applicability of the ITC duplex assay
approach to address infectious agent detection, we also developed an ITC
duplex assay in which the cytomegalovirus (CMV) promoter, used in the
pSSV9-MD2-cmEPO plasmid, was targeted. The CMV promoter PCR target
developed here is homologous to the promoter found in most CMV strains,
including: the Towne strain (Genbank AY315197) that is the basis of the
National Institute of Standards and Technology (NIST) Reference plasmid, the
Merlin strain (Genbank AY4468945 used in the World Helath Organization
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(WHO) reference standard (National Institute for Biologiéal Standards and
Control (NIBSC) product # 09/162), the JP strain (Genbank GQ221975) from
a clinical specimen, and cell culture strains HAN38 (Genbank GQ396662) and
VR1814 (Genbank GU179289). Since the heterologous CMV sequences are
targeted, there is no competition with the host genomic DNA (Figure 1B).
[057] Traditional real-time PCR assays to detect the hEPO ¢DNA and
CMV promoter were first developed using an approach similar to our
previously published assay for cmEPO cDNA [32]. Design of the
corresponding synthetic ITC template for each of these targets requires that
(1) the distance between the primers is similar to the distance between the
same primer sites on the target; (2) the target probe and ITC probe have
similar Tm; (3) the PCR products have similar Tm; (4) there is no homology
between the target probe and ITC template nor between ITC probe and target
sequences. For each assay the primers and probes were verified in silico to
ensure that there was no cross hybridization between primers, primers and
probes, primers/probe sets and EPO cDNA or genomic DNA or ITC template.
The PCR products of each individual PCR assay were analyzed by agarose
gel elecirophoresis and demonstrated a single band (data not shown). The

performance of each individual assay was evaluated.
[058] Performance and detection limits of individual assays

[059] Traditional real-time PCR was performed to evaluate the lower
limit of quantitation and linearity of the six individual assays. A titration of the
pSSV9-MD2-cmEpo plasmid in the presence of naive macaque genomic DNA
illustrates that the cmEPO assay is capable of detecting 5 copies. Likewise, a
titration of the ITC®™EPC template illustrates that the ITC*™EPC assay is capable
of detecting 5 copies in the presence of naive macaque genomic DNA. The
sensitivities of the individual hEPO, ITC"EF%, CMV, ITC®™ assays in the

presence of naive human genomic DNA is 10 copies. The linearity of all the
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six assays is above 0.98 over an 8 log dynamic range from 10 to 1E9 copies
(Table 1). The reduction in efficiencies seen in the presence of gJDNA most
likely reflects competition for primers. To evaluate the accuracy of detecting
th>e sequences at the lower limit of quantitation, 15 replicates were performed
for cmEPO and ITC®™EPO assays at 5 copies and at 10 copies for the other
four assays and the means and standard errors of copy number and Ct were
calculated (Table 2).

[060] Specificity of the individual assays

[061] The specificity of the individual assays was tested (Table 3). A
lack of signal at 40 cycles was defined as “negative” and a Ct signal before 40
cycles of amplification was considered “positive”. 500ng of naive macaque or
human gDNA were used as samples. Table 3 demonstrates that no false
positive signals were detected in 20 replicates of each of the six individual
assays caused by either non-targeted exogenous or endogenous DNA
sequences, or laboratory contamination. To confirm that we are detecting the
vector genome harboring the EPO ¢DNA and not residual endogenous
mRNA, we obtained the copy number signal with our standard master mix and
this signal was not influenced by RNase. Furthermore, when a master mix
that utilizes a reverse transcriptase step was used, endogenous mRNA was
detected and this RT-dependent signal was reduced with an RNase A pre-
treatment (data not shown).

[062] Equivalence testing of ITC duplex assays

[063] Each of the three individual target assays was paired with the
corresponding ITC assay to create the three ITC duplex assays. The ITC
duplex assay format includes the requirement that same copy number of
target sequences and corresponding {TC templates give similar Ct’s. In cases
where the P-value shows a statistically significant difference, such as when

the Ct of the target is significantly higher or lower than the Ct of the ITC, then
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the Student's t-test can be used. However, when the Ct of the target is equal
to the Ct of the ITC, the equivalency needs to be confirmed statistically to be
able to designate the sample as a true positive. Equivalence testing of our
three ITC duplex assays was performed. Each assay was used to detect
target DNA sequences near their limit of sensitivity in the presence of an
equal amount of ITC template and 500ng of naive gDNA (Figure 2). Fifteen
replicates were performed and the Ct's were recorded and analyzed. First,
large P-values (cmEPO P=0.5816, hEPO P=0.6783, CMV P= 0.4819) were
obtained by the Student’s t-test suggesting that no significant differences exist
between each target Ct and the corresponding ITC Ct from all three duplex
assays. To determine if the Ct values were statistically equivalent,
equivalence testing was conducted (see Materials and Methods), where the

tolerance limit was set as 0.5 Ct (equal to 1.5% of the max Ct of 37), the
confidence level (a) was set to 0.10, and the critical t-value is tg.1g, 28 =1.31.

The calculated tg;, and i of the three assays are 2.8 and 1.7 for cmEPO, 2.7
and 2.1 for hEPQ, and 1.6 and 3.0 for CMV. All of these t-values are greater
than the critical t-value of 1.31, demonstrating that the Ct from a target DNA
and the Ct from an equal amount of corresponding ITC template in each
dupléx assay are statistically equivalent.

[064] Assay Precision

[065] As shown in Table 2, the reproducibility of the assays was
evaluated. Coefficients of variation (CV) from all six assays are within 3.2%.
Furthermore, to determine the precision of the ITC""° duplex assay, an
additional experiment was conducted where eight replicates of the ITC"°
duplex assay were performed on three consecutive days using hEPO plasmid
DNA in the presence of naive human gDNA. The intra-assay CV is 1.3% and

the inter-assay CV is 2.8%. These CVs of less than 3% demonstrate that the

ITC"EPC assay is highly reproducible. Moreover, one-way ANOVA was
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performed to determine the relationship between testing days and Ct from the
individual hEPO and ITC""° PCR reactions, and shows that each Ct does not
vary significantly over the testing days (data not shown).

[066] Evaluation of assay interference

[067] The target probe and its corresponding ITC probe are designed
to detect two unique DNA sequences in one reaction. However, the two
amplification systems share the same pair of primers, thus, possible
competition between the target PCR reaction and the ITC PCR reaction was
analyzed for each of the three ITC duplex assays. Experiments were
performed where the copy number of the ITC template was held at 5 copies
(cmE'PO ITC) or 10 copies (hREPO or CMV ITC) in each reaction, while the
target template was titrated from 5 or 10 copies to 100 copies, which is at the
upper range of rAAV copies seen in 500ng of macaque WBC gDNA at late
timepoints following intramuscular injection [32). As shown in Figure 3, the
observed Ct from the ITC probe is stable while the Ct from the corresponding
target probe increases according to the decrease in target copy number in the
presence of 500ng naive gDNA. All three assays show the same paﬁern,
which demonstrates that the target template does not interfere with the ITC
detection in this copy number range. In the cases where the target copy
number is over 100 bopies, then an unequivocal signal will be detected by the
target probe, even if an ITC signal is not detected, and will warrant further
analysis of the sample.

[068] In addition, testing was performed to evaluate the dynamic
range of all the three ITC duplex assays (Figure 4). The total number of the
two templates was maintained at 100 copies. For each duplex assay, a
plasmid harboring the target was titrated reciprocally with the ITC template in
the presence of 500ng naive gDNA. The Ct of both probes illustrates that the

Ct values for each template changed only with the template amount, without
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interference from the other template. As a result, if no signal is obtained from
the ITC template it is most likely due to an inhibitor present in the sample, and
the test will be invalid and require further analysis.

[069] Transduced Macaque blood sample testing

[070] The performance of the ITC assay format was evaluated on the
WBC DNA samples taken from macaques transduced in vivo with rAAV
vectors and previously analyzed by traditional real-time PCR, where the
actual copy number was determined at each timepoint [32]. The ITC*™F°
duplex assay was conducted on both rAAV1 and rAAV8 in vivo samples. For
the ITC testing, a 500ng DNA sample and 5 copies of ITC*™FC template were
amplified simultaneously in the presence of the cmEPO primers, the cmEPO
probe, and the cmEPO ITC probe, and both fluorescence signals were
recorded to obtain the Ct's. Each sample was tested repeatedly 5 times in
order to acquire the mean and standard error for statistical analysis.
Comparing the mean of cmEPQ Ct and ITC*™ Ct, the tested samples are
defined to be positive (cmEPO Ct is less than or equal to the ITC™" Ct) or
negative (cmEPO Ct is greater than ITC*" " Ct with P-Value < 0.05). As
shown in Table 4, the ITC*™"° duplex assay results from both rAAV1 and
rAAV8 injected animal$ are consistent with the previous absolute copy
number data. Samples having more than two copies per 500ng DNA are
positive in the ITC duplex assay, meanwhile, the pre-injected samples test
negative. The Student’s t-test was applied and P-values of <0.001 were
obtained when the absolute value of the difference between cmEPO cDNA
and ITC°™EF° template copy numbers is larger than five, demonstrating that
this Ct difference is statistically significant. In addition, there is little to no
competition of the target with the ITC, since the Ct's of the ITC for both

animals at all vector copy numbers is ~37 (CV=1.5%). Furthermore, the
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samples do not appear to contain inhibitors since the Ct=37 is similar to the Ct
seen in TE (in the absence of gDNA, Table 2).

[071] Testing of human WBC gDNA spiked with plasmid DNA

[072] The plasmid pShuttle-CAG-hEPO-pA harboring the hEPO cDNA
was spiked into 500ng naive human gDNA at the same copy numbers
detected in the rAAV1 injected macaque shown in Table 4, and ten copies of
ITC"EPO template was added to each reaction. Table 5 shows that spiking with
188, 13 and 8 copies of pShuttle-CAG-hEPO-pA were designated as positive,
meahwhile 0 and 2 copies were designated negative when compared to the
ITC"PO Ct.

[073] ThelTC dublex assay format is also capable of being used to
detect human infectious agents such as viruses or bacteria that have
sequences that are non-homologous to human genomic DNA.
Cytomegalovirus causes many human infections [43], and the viral load in
blood is very important for clinicians to evaluate patients’ prognosis. As a
proof of concept, The CMV immediate early promoter in plasmid pSSV9-MD2-
cmEPO was used as a PCR target for two reasons. The first is to compare the
sensitivity of the EPO intron-spanning PCR to a target that has no competition
with human genomic DNA, and the second is to demonstrate the applicability
to using the ITC approach for infectious disease diagnosis and treatment
monitoring. As can be seen in Tables 1 and 2, the CMV and hEPO assays
had similar 10 copy sensitivities.

[074] For the ITC"5FC and ITC™ duplex assays, we determined the
difference in the Ct's between the target sequence and corresponding ITC
template at the 95% confidence interval. For this purpose, the ITC templates
were held constant at 10 copies and a titration of 5, 10 and 20 copies of target
plasmid were added to evaluate the ability to determine positive (10 and 20

copies) from negative (5 copies) samples. Four different naive human gDNA
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samples spiked with 5, 10 and 20 copies of hEPO or CMV target plasmid
were amplified in the presence of 10 copies of their corresponding ITC

| template. The Ct’s were analyzed by Student’s t-test and One-Way ANOVA,
Table 6 shows that, with all four human gDNA sources, the Ct from 5 copies
of hEPQO or CMV target sequence is significantly larger than 10 copies of
corresponding ITC template, the Ct from 20 copies is significantly smaller than
10 copies of ITC template, and no statistical difference (evaluated by
equivalence testing — data not shown) was seen when the target and ITC
copy numbers were equal at 10 copies each. Two-Way ANOVA analysis was
performed and showed that the copy number detected was independent of
the different gDNA samples (data not shown).

[075] The human Epo PCR assay was designed in a homologous

region as the macaque Epo PCR assay (Figure 5). The human Epo ITC
assay format was also tested by titrating the two DNA molecules (plasmid

target and ITC"®"°

template, Figure 4B). The Ct of both amplifications
ilustrated that Ct values changed only with the target template amount but
was not affected by the other template, demonstrating that no obvious
interference exists. As a result, there is a high confidence that an absence of

ITC signal would indicate the presence of an inhibitor in the sample.

[076] Discussion

[077] Reported herein is the development of a real-time PCR assay
format for detecting homologous and non-homologous exogenous DNA.
These tests are useful for infectious disease diagnosis, gene therapy clinical
trial safety, and gene doping surveillance where the control of false negative
and false positive results, and the assurance of true positive results is
required. These procedures facilitate the procurement, preparation, and

testing of samples to detect exogenous DNA sequences in a user-friendly
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format. Furthermore, the ITC assay format described here is ideal for clinical
testing labs since 1) it is a “single tube” assay [sample DNA + master mix (2
primers, 2 probes and ITC template)], 2) it is specific and sensitive with |
samples internally controlled, 3) it is fast: 2 to 3 hours (including set up and
analysis), 4) it requires no standard curve titration tubes (no external
standards), 5) it is high throughput, capable of analyzing many samples at
once, 6) it is automated: data captured by PCR machine and results can be
transferred to centralized database(s), 7) no additional manipulations are
needed for analysis such as gel electrophoresis, and 8) it reduces risk of
laboratory contamination (a source of false positives) since no positive control
plasmid is needed and uracil-N-glycosylase (UNG) prevents the re-
amplification of carryover PCR products in subsequent analyses.

[078] When designing and validating an ITC duplex assay, in addition
to considering GC content, primer and probe Tm, and amplicon length,
additionally, lack of cross complementary of the primers and two probes, the
targets or amplicons, or any combination of these is needed [44]. Moreover,
since both assays are amplified in a single tube, amplification competes for
the same dNTPs and polymerase. One more challenge in the detection of
cDNAs in the presence of gDNA is that the assay must detect the exon-exon
junction of the cDNA, which greatly restricts the choice of primers and probes.

[079] The individual assays described here have a sensitivity of 10
copies or better in the presence of 1.5E5 cellular genome copies and maintain
linearity over 8 logs. The two probes in each duplex assay give similar Ct
values when detecting the same amount of their respective sequences, and
this was supported statistically using equivalence testing. Interference and
competition testing has shown that target probe, ITC probe, target template

and ITC template will not inhibit each other in the range of 10-100 copies.
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Furthermore, similar amplification of the PCR targets was achieved in
individual PCR reactions compared with the duplex PCR reactions.

[080] The maintenance of rAAV sequences in WBC of nonhuman
primates [32] and humans [25] provides an easily accessible target for the
surveillance of gene doping. Our previous experiments in the nonhuman
primate were designed to test the feasibility of detecting vector sequences in
blood long-term following IM injection and to gain insight into testing humans.
We have designed the ITC duplex PCR format described in this paper with
the expectation that athlete samples will be sent to testing laboratories for
preparation and PCR analysis, and then the test results will then be sent to
central databases for analysis and trending. The methods developed to detect
EPO also provide the basis to detect other prohibited gene doping targets.

[081] Previous studies have introduced internal controls using cellular
housekeeping genes to control for possible PCR inhibitory factors, but they
were not used to set a copy number threshold of the exogenous sequence
target [45] [46). Moreover, competitive PCR methods are used to quantify
DNA copy number, however, this approach is limited by the necessity of
assembling multiple competitive reactions for a single determination and,
most notably, the need for a post-PCR detection and analysis step [47]. On
the other hand, each ITC duplex assay detects two different DNA sequences
in one reaction by real-time PCR, with the Ct from the ITC probe being a
threshold to evaluate if the samples are positive or negative. The ITC®™EFC
duplex assay testing on blood samples from macaques transduced in vivo
with rAAV vectors shows consistent results with our previous quantitative data
[32]. Furthermore, to simulate the testing of human samples, the ITC
templates were held constant and the corresponding hEPO or CMV target
plasmid was titrated in the presence of naive human genomic DNA to

evaluate the ability to determine positive from negative samples.
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[082] ITC assays can be used to detect heterologous sequences
(infectious agents) or exogenously added homologous cDNA sequences
(gene transfer vectors). Thus, ITC assays can be applied to pre-clinical animal
biodustribution studies and Iegitimaté human gene therapy clinical trials to
determine the presence or absence of gene transfer vector sequences in
different tissues, where the ITC can control for different types of inhibitors
potentially present in different tissue samples. Likewise, molecular tests for
infectious disease diagnosis, prognosis, and evaluation of response to
therapy could benefit from an ITC assay approach. The ITC assay format is
also applicable to gene doping surveillance testing as a means to deter the
illegitimate use of gene transfer vectors for athletic performance. Compared
to traditional real-time PCR, the ITC assay format has advantages for

¢

detecting exogenous DNA.
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[0131] It should be borne in mind that all patents, patent applications,
patent publications, technical publications, scientific publications, and other
references, referenced herein are hereby incorporated by reference in this
application in order to more fully describe the state of the art to which the
present invention pertains.

[0132] Itis important to an understanding of the present invention to
note that all technical and scientific terms used herein, unless defined herein,
are intended to have the same meaning as commonly understood by one of
ordinary skill in the art. The techniques employed herein are also those that
are known to one of ordinary skill in the art, unless stated otherwise. For
purposes of more clearly facilitating an understanding the invention as
disclosed and claimed herein, the following definitions are provided.

[0133] While a number of embodiments of the present invention have
been shown and described herein in the present context, such embodiments
are provided by way of example only, and not of limitation. Numerous
variations, changes and substitutions will occur to those of skilled in the art
without materially departing from the inventidﬁ herein. For example, the

present invention need not be limited to best mode disclosed herein, since
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other applications can equally benefit from the teachings of the present
invention. Also, in the claims, means-plus-function and step-plus-function
clauses are intended to cover the structures and acts, respectively, described
herein as performing the recited function and not only structural equivalents or
act equivalents, but also equivalent structures or equivalent acts, respectively.
Accordingly, all such modifications are intended to be included within the
scope of this invention as defined in the following claims, in accordance with

relevant law as to their interpretation.
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Table 1: Individual assay linearity and efficiency

Linearity (R) Unearity (R Efficiency (%) Efiiciency (%)
ASSY 1 the absence of S00ng gDNA in the presence o 500ng gDNA*  In the absence of 500ng gDNA  In the presence of 500ng gDNA
CMEPO 0.992 0.989 % &
i Ciad 0.589 0.908 9 8
“hEPO 0.999 0.598 7] 88
[} (Sl 0.996 0.983 5 (3
v 0.9% 7,000 ) 37
(1 (Fhand 0597 0989 % 7]

*macaque gDNA with cmEPO and ITC™™ gesays, and human gONA with hEPO, ITC¥2. CMV and ITC™ acsays.

Table 2: Individual assay sensitivity

Assay Poshive Control Mean® Copy Number (32.) Mean’ Ct(se) CV(%) of Ct
5 copres pDNA with 500ng gONA (macaque) 6.7 (2.5) 3724 0.22) 22
CmEPO ¢ pics pDNAwith TE 59(3.4) 37.47 (0.28) 29
I 5 copies ITG template with 500ng gDNA (macaque) 65(2.7) 37.22 (0.24) 1.5
5 copies ITC template with TE 55(3.8) 37.14 (0.31) 32
10 copies pDNA with 500ng gDNA (human} 96(3.3) 36.74 (0.14) 1.5
hEPO 10 copies pDNA with TE 10.8(2.8) 36.45 (0.10) 1.1
0 10 copeess [TC tamplate with 500ng gDNA {human) 11.8(3.9) 38.55 (0.14) 1.6
e 10 copies ITC template with TE 1.1(2.4) 36.73 (0.10) 0.9
10 copies pDNA with 500ng gDNA (human) 11.9(5.3) -36.29 (0.18) 20
cwv 10 copies pONA with TE N 35,35 0.14) 15
o 10 copies ITC template with 500ng gDNA (human) 10.7 (4.3) 36.64 10.16) (k3
m 10 copies TTC template with TE 1.8(40) 36.55 (0.13) 1.4

*From fiftaen replicates of plasmid (pDNA) or [TC tamplats. Standard srror (in parenthesis)

Table 3: Individual assay specificity

Assay Negatlive Control False positive False Positive Rate (%)
cmEPO 500ng gDNA (macague) 020 0
ITC=="  500ng gDNA (macaque} 20 0
hEPO 500ng gDNA (human} ,020 0
neeo 500ng gDNA (human) S 020 0
CMV 500ng gDNA (human) 0'20 0
mcw 500ng gDNA (human) 020 0.
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Table 4: ITC™ duplex assay testing of WBC samples from NHP transduced IM in vivo

rAAV1 .
Time Polms |  Mean® emEPO Ct{s.e) Mean TC™ ¢t~ (s.e) Positive/Negative Actual Copy Number™*
Pre-injection. 40.00° (0) 37.00 (0.29) Nagative (P-value <0.0001) 0
3 Days pi. 32581 (0.10) 37.21 (0.15) Positive (Pvalue <0.0001) 188
7 Days pi. 3592(0.27) 37.48 (0.23) Positiv o (Pvakse =0.0019) 13
14 Days pi. 36.94(0.51) 37.48 (0.40) Positve (P-value =0.4350) 8
10 Weehs pi. 36.49 (0.49) 37.67 (0.13) Pasitive (P-vakue 0.1066) 2
16 Weeks pi. 3832{0.72) 37.18 (0.73) Pusitive (P-value = 0.2913) 3
23 Weeks pi. 39.91 (0.09) 37.18 (0.23) Negative (Pvakue <0.0010) 0
rAAY 8
Time Points Mean' ¢cmEPO Cr(s.e) Mean ITC™™ Ot (s.e) Posive/Negative Actual Copy Number™*
Pre-injection. 40.00° (0) 37.43(024) . | Negative (Pvalue <0.0001) 0
3 Days pi. 3570 (0.49) 38.67 (0.12) Pesitive (P-value <0.0875) 10
7 Dayspid. 36.68 (0.35) 36.89 (0.44) Positive (P-value = 0.5923) 7
14 Days pi. 37.44(0.43) 37.43(0.14) Positive (Pvalue = 0.9795) 8
10 Wesks pi. 20.00 (0) 36.82 (0.33) Negative (Pvalue< 0.0001) 0
18Weeks pi. 38.02 (0.68) 36.83 (0.63) Positire (Pvahus = 0.2528) 2
23Weeks pi. 3817 (0.54) 37.30 {0.19) Positive (Pvalus = 0.1432) 3
“From five replicates of each 500ng in Wvo sample. s.e. = standard error (in parenthesis).
**From an input of five copies of TC™° template.
***The actual copy nurnber is from our previous study {32].
*The number of cycles of the reak-time PCR program was set o 40.
Table 5: ITC"P duplex assay testing
Copy Number of Spiked Plasmid | Mean® hEPO Ct(se) | Mean ITC*™ €1~ (se) Positive/Negative
0 40.00° (0) 36.93 (0.42) Negative (P-value <0.0001)
188 32.60 (0.44) 36.48 (0.33) Positive (P-value <0.0001)
13 36.63 (0.28) 37.12(0.27) Positive (P-value =0.2426)
8 36.88 (0.28) 36.84 (0.28) Positive (P-value =0.9172)
2 39.80 (0.20) 37.32{0.37) Negative (P-value <0.0001)

*From five replicates of pShuttle-CAG-hEPO-pA plasmid DNA spiked int
template.

“From an input of 10 copies of [T

*The number of cycles of the reak-time PCR program was set to 40.

Table 6: Plasmid spiking of different naive human gDNA samples

o 500ng naive human gDNA. Standard error (in parenthesis).

Human 5:0° 10:10% 20:10""

GONA | MeanthEPO Gt | wean GG | PV [TueantnEPO Gl | Mean 00 Gt | P VH® [eat nEPOGI | MesnnTCoo Gt | T Ve
1 37.36 (0.84) 3625 (0.59 0.0368 36,80 (041) ,36.70 (0.83) 0.6853 | 35.36(0.45) 36.95(0.50) | 0.0482
2 38.03 (0.40) 38.25(0.24) 0.0052 38.88(0.32) 38.99(0.58) 0.8663 35.17 (0.39) 36.41 {0.14) 0.0168
3 37.45 (0.85) 36.39(0.38) 0.0253 36.94(0.44) 37.14 (0.83) 0.7840 35.18 (0.44) 37.46 (0.59) 0.0143
4 37.52 (0.33) 36.24(0.10) 0.0040 36.91(0.35) 37.00(0.79) 06924 | 3534(0.45) 3697 (0.50) | 0.0425

Human 5:10° 10:10™ 20:10™

ONA [Tt cav iy | Memie G | TV [Tpamiciver | meannic™a | DV Teatove |Memicv o | DY
3 38.88 (0.35) 36.27(008) | <0.0003 36.77 (0.08) 36.62(0.12) 03259 | 3621(0.09) 3665(0.11) | om72
2 38.37 {0.32) 367010120 | 00011 38.56 (0.14) 36.97 (0.15) 03333 | 36.11(0.11) 3669(0.08) | 0.0025
3 3855 (o.Ag) 36582(0.13) 0.0045 38.78 (0.07) 36.74 {0.13) 07807 36.23(0.18) 36.91 (0.13) 0.0081
4 38.83 (0.32) 3673(0.18) | 0.0005 38.67(0.12) 36.57 (0.08) 09355 | 38.06(0.23) 3571(004) | 00183

SFrom five repbicates of pShutde-CAG-hEPO-pA plasmid DNA spikad into S00ng nalve human gDNA. Standard error {in parenthesis).
*From five rephcates of pSSV9-MD2-amEPO plasmid DNA spiked into 500ng natve human gDNA. Standard error {in parerthesis).

°S copies of plasmid and 10 copies of (TG templatz.

10 copies of plasmid and 10 copies of ITC template
20 copies of plasmid and 10 copies of ITC template
"The number of cydes of the re-time PCR program was set to 40.
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CLAIMS
What is claimed is:

1. A method of detecting exogenous DNA material in a subject, said
method comprising:

obtaining a DNA containing sample from said subject;

conducting real-time PCR on said sample in the presence of a
prescribed amount of an ITC template, primers for a target DNA sequence; a
target probe that binds to said target DNA sequence and an ITC probe; and

determining whether said target DNA sequence amount is equal to or
greater than said ITC template amount.

2. The method of claim 1, wherein said target DNA sequence is an exon-
exon junction of DNA homologous to an endogenous gene.

3. The method of claim 2, wherein said endogenous gene is
erythropoietin (EPO), darbepoetin (dEPQ), hypoxia-inducible factor (HIF)
stabilizers, Chorionic Gonadotrophin (CG), Luteinizing Hormone (LH);
Insulins; Corticotrophins; Growth Hormone (GH), Insulin-like Growth Factor-1
(IGF-1), insulin-like growth factor-2 (IGF2), Fibroblast Growth Factors (FGFs),
Hepatocyte Growth Factor (HGF), Mechano Growth Factors (MGFs),
myogenin, peroxisome proliferator-activated receptor delta (PPARd),
calcineurin-A-alpha, chorionic somatomammo-tropin hormone 1 (CSHI),
chorionic somato- mammo-tropin hormone 1/2 (CSH1/CSH2), chorionic
somatomammo-tropin hormone 2 (CSH2), chorionic somatomammo-tropin
hormone-like 1 (CSHLI), myostatin inhibitor. Platelet-Derived Growth Factor
(PDGF), Vascular-Endothelial Growth Factor (VEGF) as well as any other
growth factor affecting muscle, tendon or ligament protein
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synthesis/degradation, vascularisation, energy utilization, regenerative
capacity or fibre type switching; and other substances with similar biological
effect(s).

4. The method of claim 1, wherein said ITC template and said target DNA

sequence comprise primer binding sequences recognized by said primers.

5. The method of claim 1, wherein the distance between primer binding
sequences for the ITC template is the same for the target DNA sequence +/-
50bp.

6. The method of claim 1, wherein said prescribed amount is 3-5 or more
copies of said ITC template.

7. The method of claim 6, wherein said prescribed amount is 3-100
copies.

8. The method of claim 6, wherein said prescribed amount is 3-10 copies.

9. The method of claim 1, wherein said subject is @ human or non-human

mammal.
10.  The method of claim 1, wherein said subject is an organism .

11.  The method of claim 1, wherein said target DNA sequence is

homologous or nonhomologous to the host genome.

12.  The method of claim 1, wherein said ITC probe comprises a first
marker molecule.

13.  The method of claim 12, wherein said first marker molecule is a
fluorophore of a first color.

14.  The method of claim 1, wherein said target probe comprises a second

marker molecule.
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15.  The method of claim 14, wherein said second marker molecule is a
fluorophore of a second color.

16.  The method of claim 1, wherein said ITC probe comprises a
fluorophore that generates a first color signal and said target probe comprises
a fluorophore that generates a second color signal.

17. A system for detecting foreign DNA material in a subject, said system

comprising:

a real-time PCR instrument comprising a receptacle for holding a DNA
containing sample; and

3 or more copies of an ITC template, primers for a target DNA
sequence; target probe specific to said target DNA sequence and an ITC
probe disposed in said receptacle.

18.  An ITC template comprising a probe binding sequence that binds to a
corresponding ITC probe and flanking primer recognizing sequences that
binds to primers, wherein said primers also hybridize to primer sites of a
separate target DNA sequence, said target DNA sequence lacking the ITC
probe binding sequence.

19. The ITC template of claim 18, comprising a first and second primer
sequence that flanks said probe binding sequence.

20. A system for detecting presence of a target DNA sequence in a
biological sample, said system comprising:

an ITC template comprising a probe binding sequence that binds to a
corresponding ITC probe and a first and second flanking primer recognizing
sequence that binds to a first and second primer, respectively;

an ITC probe that binds to said probe binding sequence in the ITC
template, said ITC probe comprising a first marker molecule;
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a first primer that binds to said first flanking primer sequence in the ITC
template and binds to sequences in the target DNA;

a second primer that binds to said second primer sequence in the ITC
template and binds to sequences in the target DNA; and

a target DNA sequence probe, said target DNA sequence probe

comprising a second marker molecule.

21.  The system of claim 20, wherein said first marker molecule is a
fluorophore of a first color and said second marker molecule is a fluorophore
of a second color.

22.  The system of claim 20, wherein said first and second marker
molecules are different.

23. A kit comprising an ITC template according to claim 18 and an ITC
probe.

24. The method according to claim 4, wherein said primers comprise a primer
pair a first PCR primer can hybridize at stringent conditions to a first exon on
the first strand of the target DNA sequence, and the second PCR primer can
hybridize at stringent conditions to a second exon on the strand of the target
DNA complementary to said first strand, wherein said second exon is located
adjacent to said first exon.

25. The method of claim 2, wherein the target probe hybridizes with a first
segment to a first exon and simultaneously with a second segment to a
second exon of said target DNA sequence (intron-spanning probe).

26. A method according to claim 25, wherein intron- spanning PCR probe is
designed hybridizes to such regions of said first and said second exons on
said target DNA, which are conserved among splice variants of such genes
from which the coding sequence of the target DNA derives.
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27. The method of claim 1, wherein determining comprises (i) determining a
Ct of said target probe to obtain a first Gt and (ii) determining a Ct of said ITC
probe to obtain a second Ct, wherein when first Ct is equal or lower than said
second Ct the sample contains said target DNA sequence.
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