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(57) Abstract: A retrotransposable element based multiplexed qPCR assay to robustly quantitate and distinguish cell free DNA in -
tegrity and concentration in blood plasma and serum is described. The multiplexed system for characterizing cancer in humans in-
cludes a sample of serum, plasma, urine, or other biological fluid, the sample comprising cell free DNA, the cell free DNA compris -
ing long and short retrotransposable element targets and an added internal positive control, the long and short targets being inde -
pendent of each other, a distinctly labeled TagMan probe corresponding to each target, a forward primer and a reverse primer corres -
ponding to each target, a DNA standard for generating standard curves, a QPCR system for amplifying the targets and a qPCR data
analysis system. The assay provides an accurate, minimally-invasive, rapid, high-throughput, and cost-eftective method with the po-
tential to complement or replace existing methods for detection, diagnosis, prognosis, treatment monitoring and/or surveillance of
cancer, thereby improving patient outcomes.
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TITLE
MULTIPLEXED ASSAY FOR QUANTITATING AND ASSESSING
INTEGRITY OF CELL-FREE DNA IN BIOLOGICAL FLUIDS FOR
CANCER DIAGNOSIS, PROGNOSIS AND SURVEILLANCE

CLAIM OF PRIORITY
{6001} This application makes reference to, incorporates the same herewn, and claims all
benefits acermng ander 35 ULS.C. §119{e) from an application for MULTIPLEXED ASSAY FOR
QUANTITATING AND ASSESSING INTEGRITY OF CELL-FREE DNA IN BIOLOGICAL
FLUIDS FOR CANCER DIAGNOSIS, PROGNQONIS AND SURVEILIANCE, carhier filed in the
United States Patent and Trademark Office gs a provisional gpplication under 35 US.C. § 11H{L)
on 29 December 2014 and duly assigned Serial No. 62/097 400 and from another apphcation of
the same title earhier filed in the United States Patent and Trademark Office as a provisional
application under 35 US.C. § 111(b) on 20 Febroary 2015 and dulv assigned Serial No.

62/118,6066.

SEQUENCE LISTING
j6Ga2] Sequences are subnutted concurrently with this application via EFS-Web as an
ASCIT text file named P60279 Segprimerprobel22215 i, oreated on 29 December 2015, the
file having a size of 7000 bytes.  All sequences in the latter ASCH text file are hereby

imcorporated by reference.
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BACKGROUND OF THE INVENTION
1. Kield of the Invention
{0031 A multiplexed quantitative polymerase chain reaction (gPCR) process for determining the
tndegrity and concentration of cell free DNA in bload plasma, blood serum, urine, or other

biological fluids for cancer diagnosis, prognosis and surveillance.

2. Impetus for the Invention

{0004} Cancer is one of the leading causes of death in developed, and increasingly also
developing, nations. According to the World Health Organization, i 2012, over 14 million new
cases were reported and over & million people died worldwide {Atlanta: American Cancer
Society, Cancer Facts & Figures, 2014). Colorectal cancer (CRC} is the third most commonly
diagnosed cancer and third-leading cause of cancer deaths in the United States. In 2014, nearly
140,000 diagnoses and 50,000 deaths are expected m the US. {(Adantas Amevican Cancer
Society, Colorectal Cancer: Facts & Figures 2014-2016). CRC is often curable if detected early,
and outcomes can be improved with post-freatment monitoring and surveillance for recurrence,

j000S] Effective cancer management depends on carly diagnosis, sccurate tumor staging, and

consistent mondoring.

SUMMARY OF THE INVENTION
{0006} The present application describes a process whereby vetrotransposon interspersed element
{"'RE"} markers can be simultancously assaved in a smgle, highly sensitive multiplex gPCR
reaction, with the inclusion of an internal positive contrel to monttor the presence of PCR

inhibitors potentially present in blood serum or plasma. This method enables development of an
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accurate, vapid, affordable, mintmally invasive, high throughput, cost effective clinical test with
the potential to complement or replace existing procedures and improve cancer diagnosis,
prognosts, surveiltlance anddor treatment monitoring,

{0007} Accordingly, one object of the mvention is to develop a multiplexed gPCR method that
accurately quantitates cfDNA in biological fluids including blood plasn or serum.

{8008} Another object of the tnvention 18 o develop a multiplexed gPUR method that accurately
provides a determination of the extent of fragmentation or integrity of ¢fDNA in biclogical fluids
mclading blood plasma or seram.

{0009 Another object of the invention is to develop a three target {one short RE target, one long
RE target, and one internal positive control svathetic target) multiplex RE-gPCR assay 1o
accurately and robustly obtain ¢fDNA concentration and DNA imdegrity values from normal and
CRC patients by divect gPCR {from plasma/sersm samples without DNA purification.

{8010} One embodiment of the invention takes the form of a multiplexed method to quantitate
the imtegrity of circulating cell free human DNA, comprising providing a sample of serum,
plasma, urine, or other biological fluid, the sample comprising cell free human DNA| the cell
free human DNA comprising a short nucleie acid fragment including less than 180 bp and a fong
nucleic acid fragment ncluding more than 180 bp, the short nucleic acid fragment and the long
nucleie actd fragment being retrotransposable element genomic targets that are independent of
each other, nsing & quantitative polymerase chain reaction {(GPUR) method to separately and
simulianeously quantitate the short necleic acid fragment and the long nucleie acid fragment,
obtaining for each quantitated nucleic acid fragment a threshold cyele number, comparing each
threshold cvele number with a standard corve to determine for each guantitated nucleic acid

fragment a quantity of the DNA fragment that was present in the sample, and calculating a ratio
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of the quantity of the long nucleie acid fragment to the quantity of the short nucleic acid
fragment, but the present invention 18 not himited thereto,

{0011 In certain embodiments of the multiplexed method of the present invention, the
retrofransposable element genomic targets may be each independently an interspersed ALU,
SVA, or LINE element. In certain embodiments, these retrotransposable elament genomic
targets may ach bave a copy number in excess of 1000 copies per genome.

{0012} Some embodiments of the muliiplexed method of the present mvention further comprise
a step of adding a synthetic DNA sequence as an internal positive control prior to the using step,
quantitating the internal positive control in the using step, and utilizing the quantitative mternal
positive control result 1n the companng step to improve the accuracy and reliability of the
comparing step.

[0013] In envbodiments of the multiplexed method of the present invention, the use of an internal
positive conirol enables a defermination of the concentration of cell free DNA i the sample.
{6014} In some embodiments of the multiplexed method of the present invention, the sample of
serum, plasma, urine, or other biological fluid may be placed in a single tube, and the gPCR
reactions for quantitation of the nuclete acid fragments may be carried out i that same single
tube,

j0015] In some embodiments of the multiplexed method of the present invention, the ratic of the
gquantity of the long nucleic acid fragment to the quantity of the short nucleic acid fragment may
serve as an ptegrity valae of circulating cell free DNA for diagnostic applications.  These
diagnostic applications may include one or more of the detection, diagnosis, progrosts, treatment

monitoring, and surveillance of cancer.
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{0816 In certain embodiments, the multiplexed method of the present mvention may include 2
step of deactivating or elinunating proteins that bind to the short nucleie acid fragment or the
long nuclewe acid fragroent. This may be done by mixing the sample with a buffer including a
surfactant and chelating agent, enzymatically digesting the protein, then using heat to deactivate
and nsolubilize the digested protein, followed by centrifugation. Alternatively, dilution of the
sample using 40 parts stenile water to one part ssmple by volume may bave the effect of

deactivating or ehminating these proteins,

{6017 In certain embodiments, the multiplexed method of the present wvention may include a
step of providing a hybridization probe comresponding to the short nucleic acid fragment and a
probe corresponding to the long nucleic acid fragment. In certam entbodiments, each probe may

mclude an observable label. In some embodiments, the observable labels may be fluorescent

labels that are distinct from each other,

{H018] In some embodunents, the muoliiplexed method of the present mvention miay nclude a

S0

tep of separating amplification producis obtamned from the gPCR reaction using electrophoresis.

[0019] In some embodiments, the muhiplexed method of the present invention may include a
step of determining an optimum temperature for the gPCR reaction.

[0020] The multiplexed method of the present mvention may include a sample that comes from
an individual whe iz suffermg from cancer or who is at risk for developing cancer.

[0021] In certain embodiments, the present invention may take the form of a multiplexed system
for characterizing cancer in homans inclading a sample of serom, plasma, urme, or other
biological fluid, the sample comprising cell free DNA, the cell free DNA comprising two

retrotransposable element targets, the first target being a multi-copy retrotransposon having less
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than 180 bp, the second target bemg another multi-copy retrofransposon having more than 180
bp, the first target and the second target being independent of each other, the sample further
comprising an added third target, the third target being an internal positive control comprising
svithetic DNA; a TagMan probe corresponding to each of the first target, the second target and
the third target., each probe comprising a detectable label that is distinet from the labels
meorporated inte the other probes; a forward primer snd g reverse prmer for amplifving each of
the first target, the second target and the third target; a DNA standard for generating standard
curves for the first target and the second target; a qPCR system for simaltaneously amplifving
the first target, the second target and the third target and for producing a threshold cycle number
for each target; and a gPCR data analysis system for producing DNA gquantitation values for each
target by mterpolation using threshold cyele nurbers and hnear standard curves and for nsing
the DNA quantitation values to produce an wmdication of the integrity of the cell free DINAL
{80221 In other embodiments of the multiplexed system of the present invention, the first target
Is a muli-copy retrotransposon having less than N bp, and the second target is another multi-
copy retrotransposon having more than N bp, where N is 123 bp, 130 bp, 140 bp, 150 bp, 160 bp,
170 bp, 190 bp, 200 bp, or 208 bp.

{00231 In some embodiments of the multiplexed system of the present invention, the detectable
labels corresponding to the fivst target, the second target and the third target may be fluorophores
that are distinct from each other.

{00241 In some embodiments of the multiplexed systems of the present invention, the gPCR
systern may amplify the fust target, the second target and the third farget without prior

purification of the first, second, or third DNA targets.

e 3]



10

11

12

14

15

16

17

19

20

21

22

WO 2016/109604 PCT/US2015/067962

{025] In some embodiments, the multiplexed system of the present invention may inclade DNA
polymerase, and the gPCR system may amphify a template DNA fragment of each of the first
target, the second target and the third target after deactivation or elimunation of protemn bound to
at least one of a teraplate DNA and DNA polymerase.

j0026] In certain embodiments of the multiplexed system of the present invention, the
retrotransposable element genowic targets mav be each independently an interspersed ALLL
SVA, or LINE element.

{00271 In ceriain embodiments of the multiplexed system of the present invention, the first target
may be an ALU element having a size selected from the group consisting of 80 bp, 119 bp, 120
bp and 123 bp, and the second target mav be an SVA clement having a size selected from the
groap consisting of 207 bp, 257 bp, 265 bp, 290 bp, 355 bp, 367 bp, 399 bp and 411 bp.

[OO28] In some embodiments of the multiplexad system of the present invention, the first target
may be an ALU clement of the Y08 subfamily having a size of about 80 bp, and the second
target may be an SVA element having a size of about 207 by, but the first target and the second
target are not limited thereto. In other embodiments, the first target YbS ALU element may have
a size of about 119 bp, aboat 120 bp, or about 123 bp, and the second target SVA element may
have a size of about 257 bp, about 265 bp, gbout 290 bp, about 335 bp, about 367 bp, about 399
bp, or about 411 bp. Embodiments of the present invention may be formed from any possible
paiting of a surtable first target ALU element with a suitable second target SVA element.

[0029] In some embodiments of the multiplexed system of the present invention, the third target,
which is an internal positive control comprising synthetic DNA, may have a size of about 172

base pairs, but the size of the nternal positive control sequence is not himited thereto.
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{6030} In some embodiments of the multiplexed system of the present invention, the first
refrotransposable element target and the second retrotransposable element target may each have a
copy number in excess of 1000 copies per genome,

[0031] In some embodiments of the muliiplexed system of the present invention, one or more
additional retrotransposable element targets found in the cell free DNA may be added to the
wultiplex.  Such multiplexed svstems may further comprise a distinctly labeled TagMan probe
corresponding to each target and a forward and reverse primer set corresponding 1o each target,
the qPCR system sinnddtaneously anmplifying each target.

[0032] In some embodiments, the present invention may include a kit for determming
concentration and integrity of cell free DNA in biological fluids, the kit comprising a set of
primers corresponding o each of a short retrotransposable element genomic target sequence and
a long retrotransposable element genomic target sequence, the short retrotransposable element
being shorter than 180 bp m length, the long retroransposable element being longer than 180 bp
m length, the short retrotransposable element and the long retrotransposable element being
independent of each other, each set of primers comprising a forward primer and a reverse primer;
a synthelic genomue sequence suitable for use as an mrternal positive control; and one or more
reagents for performing quantitative real-time polymerase chain veaction (PCR) amplification.
j0033] In some embodiments, the kit of the present invention may include a vacuum-filled test
tube for collecting & sample of whole bleed or an anticoagolant-treated tube for collecting a
sample of whole blood and producing a plasma sample.

{0034} In some embodiments, the kit of the present invention may include a probe corresponding
to the short target sequence and/or a probe corresponding to the long target sequence. Each

probe may include an observable fabel. The observable labels may be Huorescent organic dves.

e
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BRIEF DESCRIPTION OF THE FIGURES
[0035] Figure 1 shows standard curves for long and short targets of a three target multiplex RE-
gPCR assay for ofDNA concentration and DNA integrity in a biclogical flad sample,
[0036] Figuwre 2A shows ¢PCR amphification plots for blood plasma samples, showing behavior
both for purtfied DNA and for the case of using direct gPCR. The horizontal lines show the
automatic ¢ycle threshold setting.
{0037} Figure 2B shows gPCR amplification plots for serum samples, showing behavior both for
purified DNA and for the case of vsing direct gPCR. The horizontal hines show the automatic
cycle threshold setting.
j0038] Figure 3 shows a schomatic representation of relative positions of the forward and revense
primers s well as the double labeled probes for gPCR analysis. The two short targets designed within the
YBE sequence are 88 and 120 bp i size. The four long targets designoed within the SYA sequence are 247,
357, 265, and 290 bp n size.
j0039] Figwe 4A shows an amplification plot for the SYBR gPCR analysis of the Yb8-119
target using standard DNA (1 ng, 200 pg, 40 pg, 8 pg. and 1.6 pg), with positive control and no
template controal.
0040} Figure 4B shows g standard curve for the SYBR gPCR analysis of the YbB-119 target
using standard DNA (1 ng, 200 pg, 40 pg, 8 pg. and 1.6 pg).
j8041] Figure 40 shows a melt curve for the SYBR gPUR analysis of the YbB-119 target using
standard DINA (1 ng, 200 pg, 90 pg, 8 po, and 1.6 pg), with positive control and no template
control,
j0042] Figwe 4D shows a mell peak plot for the SYBR gPCR analysis of the YbR-119 target
using standard DNA {1 ng, 200 pg. 40 pg, § pg. and 1.6 pg). with positive control and no

temiplate control.
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[0843] Figure SA shows an amplification plot for the SYBR gPCR analysis of the SYA-399
target using standard DNA (1 ng, 200 pg, 40 py, 8 pe, and 1.6 pg), with positive control and no
template control.

[0044] Figuwre 3B shows a standard corve for the SYBR gPCR analysis of the SVA-399 target
using standard DNA (1 ng, 200 pg, 40 pg. 8 pg, and 1.6 pg}.

[8045] Figure 5C shows a melt curve for the SYBR gPCR analysis of the SVA-399 warget vsing
standard DNA (1 ng. 200 pg, 40 pg, 8 pg. and 1.6 pg), with positive control and no template
control.

{0046} Figure 3D shows a melt peak plot for the SYBR gPCR analysis of the SVA-399 target
using standard DNA (1 ng, 200 pg, 40 pz, 8 pe, and 1.6 pg), with positive control and no
template control.

[0647] Figwre 6A shows an amplification plot for the SYRR gPCR analysis of the Alu-115 target
gsing standard DNA (Sag, ag, 200 pe, 40 pe, and ¥ pe), with positive control and no template coutrol,
[0048] Figure 6B shows a standard curve for the SYBR PCR analysis of the Alu-115 target using
standard IINA (5 ng, 1 ng, 260 pg, 4 pe, and 8 pg).

j0049] Figure 6C shows a melt cwve for the SYBR gPCR mnalysis of the Alu-l1§ target using
standard DNA (5 ng, 1 ng, 200 pg, 40 pg, and 8 pg), with positive control and no template control.

[0050] Figure 6D shows a melt peak plot for the SYBR qPCR analysis of the Alu-115 target using
standard DNA (5 ng. | ng, 200 pg, 40 pg, and 8 pg), with positive control and no template control.

[0051] Figwe 7A shows an amplification plot for the SYBR gPCR analysiz of the Alu-247 target
using standard DNA {3 ng, | ng, 200 pg, 40 pa, and § pg). with posttive control and no template control.
{8052} Figure 7B shows a standard curve for the SYBR qPCR analysis of the Alu-247 target using

standard DNA (5 ng, | ng, 200 py, 40 pg, and S pg).

18
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{0053] Figwe 7C shows a melt curve for the SYBR gPCR analysis of the Ale-247 farget using
standard DNA (5 ng, | ng, 200 py, 40 pg, and 8 pgl, with positive control and no cmplate control.

0054} Figure 7D shows a melt peak plot for the SYBR ¢PCR analysis of the Alu-247 target using
standard DNA (5 ng, 1 ng, 260 pg, 49 pg, and & p), with postiive control and no template control,

{00S5] Figure 8A shows an amplification plot for the YHB-R0 target of a real-time PCR multiplex
of the YbB-80 and SVA-207 targets, the quantification of DNA i each sample beiny determined
by use of a calibration curve with sertal dilutions {1 ng, 200 pg, 40 py, 8 pg, and 1.6 pg), with
amplification of the Yb8-R0 target, positive control and no template control.

[6056] Figure 8B shows a standard curve Tor the YHS8-80 target of a real-time PCR mudtiplex of
the YD&-80 and SVA-207 targets.

0057} Figwe 8C shows an amplification plot for the SVA-207 target of a real-ime PCR
multiplex of the Yb8-80 and SVA-207 targets, the quantification of DNA in cach sample being
determined by use of a calibration curve with serial didutions {1 ng, 200 pg, 40 pg, 8 pg, and 1.6
pel, with amplification of the SVA-207 target, positive confrof and no template control.

{0058] Figure 8D shows a standard curve for the SVA-207 target of a real-time PCR multiplex
of the Yb8-R80 and SVA-207 targets.

[0039] Figure 8E shows an amphification plot of the internal positive control target wathin a real-
time PCR multiplex of the Yb&R0 and SVA-207 targets, with amplification of the mternal
positive control target.

{6060 Figure 9A shows an amplification plot for the YH8-80 rarget of a real-time PCR muhtiplex
of the Yh8-80 and SVA-257 targets, the gouantification of DNA i each sample being determined
by use of a calibration curve with serial dilutions (1 ng. 200 pg, 40 pg, 8 pr, and 1.6 pg}, with

amplification of the Yb8-80 target, positive control and no template control.
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[0061] Figure 98 shows a standard curve for the YhB-80 target of a real-ime PCR multiplex of
the YDS8-80 and SVA-257 targets.

{0062] Figure 9C shows an amplification plot for the SVA-2S7 target of g real-time PCR
muliiplex of the YH8-80 and SVA-257 targets, the quantification of DNA m each sample being
determined by use of a calibration curve with serial dilutions {1 ng, 200 pg, 40 pg, 8 pg, and 1.6
pe), with amplification of the SVA-257 target, positive control and no template control,

{0063} Figure 9D shows a standard curve for the SVA-257 target of a real-time PCR multiplex
of the YHE-80 and SVA-257 targets.

{0064} Figure 9K shows an amplification plot of the internal positive contrel target within a real-
time PCR multiplex of the Yb8-80 and SVA-257 targets, with amplification of the internal
positive control target.

[0065] Figwwe 10A shows an amphification plot for the YbB-R0 target of a realtime PCR
nuthtiplex of the YHE-80 and SVA-263 targets, the quantification of DNA in each sample being
determined by use of a calibration curve with serial dilutions (1 ng, 200 pg, 40 pg, S pg, and 1.6
pg), with amplification of the Yb&-80 target, positive control and no template control.

[6066] Figure 108 shows a standard corve for the YHB-80 target of a real-time PCR muhtiplex of
the YD&-80 and SVA-2635 targets.

j0067] Figure 100 shows an amplification plot for the SVA-26S target of g real-time PCR
muthtiplex of the YH8-80 and SVA-265 targets, the quantification of DNA i each sample being
determined by use of a calibration curve with serial dilutions (1 ng, 200 pg, 40 pg, 8 pg, and 1.6
pe}. with amplification of the SVA-263 target, positive control and no template control.

{0068} Figure 10D shows a standard curve for the SVA-263 target of a real-time PCR multiplex

of the Yb8-80 and SVA-265 targets.

12
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{0069] Figure 10E shows an amplification plot of the mternal positive control target within a
real-time PCR multiplex of the YBh8-80 and SVA-265 targets, with amplification of the internal
positive control target.

[0070] Figwe 1A shows an amplification plot for the Yb8-30 target of a real-time PCR
nultiplex of the YDE-80 and SVA-Z90 targets, the quantification of DNA in each sample being
determined by use of a cahibration curve with serial dilutions (1 ag, 200 pg, 40 pg, 8 pg, and 1.6
pg), with amplification of the YbR-80 target, positive control and no remplate control.

{0071 Figure 11B shows a standard carve for the YHB-80 target of a real-time PCR multiplex of
the Yb&-&0 and SVA-290 tarpets.

j0072] Figure 11C shows an amplification plot for the SVA-290 target of a real-time PCR
multiplex of the Yh8-80 and SVA-290 targets, the quantification of DNA in cach sample bemng
deternrined by use of a calibration curve with serial dilutions (1 ng, 200 pe, 40 pg, 8 pg, and 1.6
pel). with amplification of the SVA-290 target, positive control and no template control.

{0073} Figure 11D shows a standard curve for the SVA-290 target of a real-time PCR multiplex
of the YbR-80 and SV A-290 targets.

{6074} Figure 11E shows an amplification plot of the mternal positive control target within a
real-time PCR anltiplex of the Yb&-80 and SVA-290 targets, with amplification of the mternal
positivee control target.

{6075 Figure 12A shows an amplification plot for the YbH8-120 target of a real-time PCR
multiplex of the Yb8-12(t and SVA-207 targets, the quantification of DNA in each sample being
determined by use of a calibration curve with serial dilutions {1 ng, 200 pg, 40 pg. 8 pg. and 1.6

pa). with amplification of the Yb8-120 target, positive control and no template control.
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{0076 Figure 128 shows a standard curve for the Y& 120 target of a real-time PCR multiplex
of the YLR-120 and SVA-207 targets.

{0077 Figure 12C shows an amplification plot for the SVA-207 target of a real-time PCR
multiiplex of the Yb8-120 and SVA-207 targets, the quantification of DNA in each sample being
determined by use of a calibration curve with serial dilutions {1 ng, 200 pg, 40 pg, 8 pg, and 1.6
pe), with amplification of the SVA-207 target, positive control and no template control,

{0078} Figure 12D shows a standard curve for the SVA-207 target of a real-time PCR multiplex
of the YH8-120 and SVA-207 targels.

[0079] Figure 12F shows an amplification plot of the mternal positive control target within 2
real-time PCR multiplex of the Yb&-120 and SVA-207 targets, with amplification of the internal
positive control target.

[0080] Figwwe 13A shows an amplification plot for the YbB-120 target of a real-time PCR
nutltiplex of the Yb8-120 and SVA-257 targets, the quantification of DNA 1o each sample being
determined by use of a calibration curve with serial dilutions (1 ng, 200 pg, 40 pg, S pg, and 1.6
pg), with amplification of the YbR~120 target, positive control and no template control.

{6081} Figure 3B shows a standard curve tor the YbB-120 target of a real-time PCR muliplex
of the Yb8-120 and SVA-257 targets.

j0082] Figure 13C shows an amplification plot for the SVA-257 marget of g real-time PCR
multiplex of the Yb8-120 and SVA-257 targets, the quantification of DNA in each sample bemng
determined by use of a calibration curve with serial dilutions (1 ng, 200 pg, 40 pg, 8 pg, and 1.6
pal. with amplification of the SVA-257 target, positive control and no template control,

~
}?

{0083} Figure 13D shows a standard curve for the SVA-257 target of a real-time PCR multiplex

of the YbR-120 and SVA-257 targets.
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{6084] Figwre 13E shows an amplification plot of the mternal positive control target within a
real-time PCR multiplex of the Yb&-120 and SVA-257 targets, with amplification of the internal
positive control target.

[0085] Figwre 14A shows an amplification plot for the YbB-120 target of a real-time PCR
nultiplex of the Yh&-120 and SVA-26S targets, the quantification of DNA in each sample being
determined by use of a cahibration curve with serial dilutions (1 ag, 200 pg, 40 pg, 8 pg, and 1.6
pg), with amplification of the YbR-120 target, positive control and no template control.

{0086} Figure 14B shows a standard curve for the YbS-120 target of a real-time PCR multiplex
of the Yb8-120 and SVA-26S targets.

j0087] Figure 14C shows an amplification plot for the SVA-265 target of a real-time PCR
multiplex of the Yb8-120 and SVA-265 targets, the quantification of DNA in each sample beng
deternrined by use of a calibration curve with serial dilutions (1 ng, 200 pe, 40 pg, 8 pg, and 1.6
pe). with amplification of the SVA-Z65 target, postive control and no template control.

{0088] Figure 14D shows a standard curve for the SVA-2635 target of a real-time PCR multiplex
of the YbR-120 and SVA-265 targets.

{6089 Figure 14E shows an amplification plot of the mternal positive control target within a
real-time PCR multiplex of the Yb8-120 and SVA-263 targets, with amphification of the internal
positivee control target.

[0090] Figure 15A shows an amplification plot for the YbH8-120 target of a real-time PCR
multiplex of the Yb8-12(t and SV A-290 targets, the quantification of DNA in each sample being
determined by use of a calibration curve with serial dilutions {1 ng, 200 pg, 40 pg. 8 pg. and 1.6

pa). with amplification of the Yb8-120 target, positive control and no template control.
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{0091} Figure 158 shows a standard curve for the Y& 120 target of a real-time PCR multiplex
of the YL&-120 and SVA-290 targets.

{0092] Figure 15C shows an amplification plot for the SVA-290 target of a real-time PCR
multiiplex of the Yb8-120 and SVA-290 targets, the quantification of DNA in each sample being
determined by use of a calibration curve with serial dilutions {1 ng, 200 pg, 40 pg, 8 pg, and 1.6
pe), with amplification of the SVA-290 target, positive control and no template control,

{0093} Figure 15D shows a standard curve for the SVA-290 target of a real-time PCR multiplex
of the YH8-120 and SVA-290 targels.

{0094} Figure 15E shows an amplification plot of the mternal positive control target within 2
real-time PCR multiplex of the Yb&-120 and SVA-290 targets, with amplification of the internal

positive control target.

DETAILED DESCRIPTION OF THE INVENTION
{6095] Manyv current diagnostic procedures are invasive, expensive and unpleasant. In multiple
recent published studies, circulating cell-free DNA (cfDNA) concentration and integrity
{fragmentation pattern) has shown promise as a highly sensttive and specific, mmimally mvasive
blood biomarker for multiple cancer tvpes (see, eg.. Hao, TB, et al., Cirandaring cell-fiee DINA
i serum as @ Momarker for dicggnosty and progrostic prediction of colorecial cancer, British
Journal of Cancer 2014: 1-2, dot 10.1038/Djc 2014.470; Gonzalex-Masia, ot al., Chronlating
sucieic acids i plasma and serum (CNAPSE applications In oncology, Onco. Targets Ther,
6:819-832 (2013); Yu, [, et al., Recemt advances in clinical applications of ciraniating cell-free
DNA iaregrivy, Lab Med. 45(1% 6-12 (2014)). A number of these studies have indicated the

atility of a highly sensitive assay to measure ¢fDNA integrity (fragmentation patiern) and
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concentration based on quantitation of an ALU element, the most common type of
refrotransposable elements (RE) in the human genome {Table 1), RE-based methods for
quantitating DNA are attractive doe to their superior sensttivity (multi-copy representation in the
genome} and robusiness.

j0096] The most commonly emploved cfDNA mtegrity/concentration sssessment method, the
ALU 24711 5bp index, targets sequences of a single ALU element, and thus the two fragments
analyzed are not independent. This precludes use of these targets m a single multiplexed assay
for maxunam accuracy, efficiency and practical clinical use. This prior art method poses several
particular problems. First, evaluating the first target and the second target separately rather than
multiplexing mto a single reaction mixture intreduces well-to~well vanability into the results.
Every PCR reaction s somewhat ditferent from every other PCR reaction, and experimental
variation in set-ap steps, such as variation in pipeiting volumes, introduces error and can impact
the results.  Secondly, data presented heremn denwonstrates that the primers used in prior art
studies to amphify these specific 247bp/1153bp targets show poor primer specificity, with false
signals being generated from non-template controls. Thirdly, single-plex amplification prohibits
the incorporation of an mntemal PCR control. The use of an mternal PCR control 18 entical for
confirming the success of the reaction and for providing confidence that other experimental
factors such as the presence of PCR inhibitors i the sample have not interfered.  Additionally,
single-plex amplification of each target is cumbersome, more labor-intensive and less cost
effective than i3 ronning a mueltiplexed amplification.

8097} One of the cancer types studied using cell free DNA mtegrity is colorectal cancer (CRC).
The current gold-standard for CRC diagnosis and staging is colonoscopy and subsequent

histological examination. While specific and accurate, colonoscopy is invasive, expensive, and
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poses some risks; all of which decrease patient compliance to screening recommendations and
discourage routine monitering. In CRC and a few other cancer tvpes, uissue biopsy is
supplemented with detection of cancer protein biomarkers in blood serum, e.g. carcinoembryonic
antigen {CEA). Such assays bave the significant advantage of being mmimally invasive and also
do not require nnmediate localization of the tumor. Nevertheless, these assays suffer from
limdted sensitivity. CEA, one component of the current standard of care for CRC post-treatment
monitoring, has relatively low sensitivity and specificity for early (stages 1 and H) and late
{stages IIT and IV} disease {early: 36% sensitivity and 87% specificity; late: 74% sensitivity and
83% specificity) (Fakih, M.G.; Padmanabhan, A, CE4 Mowitoring in Colorectal Cancer,
Oncology 2006}, 579-587 {2006)). Given this performance, CEA s not recommended for CRC
diagnosis according to the National Comprehensive Cancer Network goidehnes for CRC (Ms-
PSEE, Hant, 8., RCON, Chnical Practice Guidelines v Oneology (NCON Guidelines®) Colon

Cancer, 2013).

{0098] ofDNA: A brief overview of bivlogy and physiclogy

{6099 Characterization of cell-free DNA {cfDNA), DNA found in circulation i hwman blood
plasma and serum, has emerged as an exciting prospect for a new generation of blood-based
tools for cancer detection, monttoring and surveillance. Nucleie acid cireulation in human bload
plasma was first reported m 1948 (Mandel P; Metais P, Ley aoides nuclednes die plasma sanguin
cher DHonnne, R, Acad. Sci. Paris 1427 241.243 {1948}, Leon, et al, (1977} were the first to
report that mean ¢fDNA levels were significantly higher in the serum of patients with malignant
cancers versus healthy patients {Leon, SA; Shapiro, B; Sklaroff, DM, Yaros, M1, Free INA in

the Serum of Cancer Patients end the Effect of Therapy, Cancer Research 1977 646-650). In the
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past two decades, many details of ¢fONA biology, and the relationship between ofDNA and
discase, have been clucidated. A brief primaer of these studies is provided below, with emphasis
on aspects of ofDNA biology that are pertinent to our specific apphication.

[0100] Circulating cfDNA i3 derved from both the nuclear and mitochondrial genomes of
normal and tumor cells (Mandel and Matais 1948, referenced supra; Zhong, S; Ng, MCY; Lo,
YMED: Chan, JON{ Johnsen, PY; Kong H., Presence of mitochondrial RN 4 10 G 3243
mutation i DNA extracted from serum and plasma of patients with tepe 2 diaberes mellings, 1.
Chin. Pathol. 337 466-46% (2000Y). Both coding and nosncoding portions of the genome are
represented among circulating ofDNA (Bettegowda, C, et al, Defection of Clrerdating Tumaor
DNA in Earlv- and Late-Stage Human Malignancies, Sci, Transl, Med. 6(224): 224ra24 (2014,
doi 101126/ citransimed 3007094 Detection). Although several mechamisms are beheved to
contribuie 1o the circalating cfDNA pool, nchuding spomaneous release of free, exosome-
encapsulated, and mdcrovesicle-encapsulated DNA into the bloodstream, cell death is the major
generator of circulating ¢fDNAs (Jahr, S; Henmtze, H; Englisch, S; Hardt, D; Fackelmaver, FO;

Hesch, R, DNA Fragmenis in the Blood Plasma of Cancer Patients - Quantitations and Evidence

Jar Their Qrigin from Apoptotic and Necrofic Cells, Cancer Research 61:1659-1665{2001)}.

Cell turnover in normal cells is ordinarily due to apoptosis, which results in stereotyped sized
fragments of DNAL a monomeric form composed of ~180 by fragments of DNA and associated
nucleosomes, and reduced smoonts of oligomenic forms. A4 Alternatively, tumor cells tum over
using a diversity of cell death pathways, not oanly apoptosis, but also necrosis, antophagy, and
mitotic catastrophe (Jin, Z; El-Deivv, WS, Overview of Cell Degth Sigualing Pathways, Cancer

Biclogy & Therapy $(2) 139-163 (2003), available at http://fly-bay.netfournals/cht/ind-2 pdf

{accessed 15 December 2014)). Nom-apoptotic pathways non-specifically and incompletely
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degrade DNA, generatmg substantially longer DNA fragments, up to 21 kilobases in the case of
necrosis (Jahr, S, cited suprw). Differences i the rate of cell death and type of cell death
pathway utilized between normaal and cancer cells lead to distinet characteristics of ¢fDNA pools
that distingush patients with and withouot cancer. cfDNAg have varniable halfthife within the
body, ranging from nunutes to howrs {Lo YMD; Zhang J. Leung TN; Lau TK; Chang AMZ;
Hjelm NM, Rapid clearance of fetal DNA from maternal plasme, Am. L Hom Genet, 64 218-
224 (1999} Emlen W, Mannik M., Effect of DNA size and strondedness on the In vive clearance
gud organ localization of DN4, Chin. Exp. Immunol. 56{1) 185-192 (1984)). Short half-life
unplies that circulating ¢fDNA levels provide a dynamic measwre of the physiological and
pathological state of an individual. Finally, there i1s evidence that a small fraction of clrculating
¢tDNA from blood is able to pass the kidnev barrier and enter urine. These ofDNAs are called
‘ans-renal’ ofDNAs {(Sa Y-H, et al, Hongr Drine Comalny Smell, 130 4 250 Ncleoide-
Sized, Soluble DNA Derived from the Chrewlation wnd May Be Useful i the Detection of
Colorectal Cancer, . Molecular Diagnostics, 6{2): 101-107 (2004); Botezatu 1, et al., Genetic
anabvsis of DN4 excreted in wrine: 4 new approach for detecting specific penomic DNA
sequences from cells dyving in an organiss, Chn, Chem. 46(8) 1078-1084 (2000)). The spectfic

phvsiology of wans-renal cfDNAs awaits detatled exploration.

10101} fON4 and cancer

{0102} Circulating ¢fDINAg from patients with and without cancer differ in a nomber of ways.
Tumor genomes harbor specific genetic and epigenetic alterations that distinguish them from
normal genomes, and these differences are reflected in ¢fDNAs, Noaspecific characteristics of

cfDNA, such as concentration and imtegrity, differ between cancer patients and control subjects

Pid
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due to the spectfic mechanisms of ¢fDNA release into the blood by nornwal versus tumor cells,
cfDNA concentration and integrity have often been found 1o be elevated in patients with cancer
due to high rate of tumor cell death (reviewed 1n Schwarzenbach H; Hoon DSB; Pantel K., Cell-
free muclete ackds ay blomarkers n cancer patiendy, Natore Reviews Cancer 1 426437 (201 1),
doi: 10.1038/mrc3066; Gonzdler-Masia, JA; Garcia-Olme, 1 Garcia-Olmo, DC, Circwlating
aucleic acids i plaspia and serum {CNAPY) Applications in oncology, Onco. Targets. Ther. &
§19-832 {2013)). However, absolute ¢fDNA concentration significantly varies among currently
employed assays, sigmbicantly hampering the ability to compare results across studies. There is
currently no standardized, validated, commercially available cfONA concentration and integrity
assay. There are no reports i the prior art of using a multiplexed gPCR system of the kind
described herein for accurate stmultaneous measwrement of concentration and integrity of Cell
Fres DNAL
{8103} cfDONA mtegrity has emerged as a pacticularly promising method for detecting and
monttoring cancer. This method is based on the fact that normal and tumor cells undergo
different types of cell death, leading to different size ¢fONA products in the blood, as explained
above. ¢fDNA in patienis with cancer is expected to be, on average, longer, and therefore of
higher integrity than in patieats without cancer. While some studies established an integrity
tnidex based on one or a small number of genes, Umetan, et al., proneered the use of an ALU
retrotransposon-based integrity mdex for ¢fDNA assessment (Umetamt N, et al, fhoreased
mmtegrity of free chroudating DNA In sera of patients with colorectal or periampuilary cancer:
Phrect  gquomitative POR for ALU repects, Chn. Chem. 52{6)%  1062-1069 (2006),
doi10.1373/clinchem. 2006.068577; denoted Umetani 2006b in Table 1; Hoon, et al,, Use of free

circilating PINA for diagnosis, progaosts, and treatment of cancer funding, US 2009/0280479
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Al} They defined integrity as the ratio of'a 247 bp fragment (ALU 247) versus 115 bp fragment
{ALUY 115} of a single ALU element. ALU 115 measures the total ¢fDNA concentration and
ALU 247 measures tumor-denived ¢fDNAL Using their ALU 2477115 integrity mdex, Umetant,
et al., demonstrated that DNA miegrity and concentration were significantly higher in patients
with CRC, pertampullary cancer, and breast cancer compared to healthy controls (/d.; Umetam,
N, et al., Prediction of breast fumor progression by integrily of free circulating DNA in sevum, 1.
Clin. Oncol,  2426); 4270-4276 (2000), doi:10.12003C0 2006 059493, denoted Umetani
2006a 10 Table 1). They also showed that disease progoosis was predicted by ¢fDNA integrity 1n
each of these cases. Subsequently, several anthors have reported significant ncreases m cfDNA
tntegrity in patients with cancer versus those without using the ALU 2477115 measure
{summarized in Table 1 below).

[0104] The ALU-based method i3 highly sensitive due to the multi<copy natwe of the ALU
target {discussed more extensively below). Importantly, this enables development of a rapid,
high-throughput, and cost effective assay duoe to the relative stimplicity of the test. It utilizes real-
time PCR. a standard DNA quantitation method compatible with multiple commonly used

mstrument platforms.
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Table {1 Detection of ofONA integrity using the ALU 247/115 index in different cancer types from
serum of plasma samples. Area Under the Curve {AUC) from Receiver Operator Characteristic (ROQC)
curves presented. ALIC assess diagnostic potential and ranges from 0.5 {not useful) to 1.0 (most useful).

Ll

Periampuliary

Pleural effusion  No malignam plevral effusion vs. 0.766  Sritam
malignant pleural effusion 2012

Hepatocellulay

H105] Overview of Retretraspposable Flements (REs)

8106} Retrotransposable Elements (REs) are mobile element msertion polymorphisms that are
essentially homoplasy-free characters, wentical by descent and easy o genotvpe (reviewed
Bawrer MA; Deininger, PL, Al repeats and Jupsan genomic diversity, Nat. Rev. Genet. 3(5):
370-9 (2002}, dot:10.1038/nrg798). ALUs are REs that are approximately 300 bp insertions and
are distributed throughout the human genome in large copy number, In addition to the major
retrotransposon families, REs tnclude smaller famlies of transposons such ag SVA or long
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mierspersed element ("LINET)  SVA elements, named after its main components, short
tnterspersed element ("SINE”), vanable number tandemm repeat ("¥NTR”) and Alo element
{(“ALU"}, coutain the hallmarks of retrotransposons, i that they are Hanked by target site
dupheations ("ISDs™), terminate m a poly(A) tail and they are occasionally truncated and
imverted durmg their mtegration into the genome {Ono, M, Kawakami, M; Takezawa, T, 4 novel
hunarn nonviral retroposen devived from an eadogenous refrovirus, Nuclete Acids Res. 1521
8725-8737 (1987 Wang, H, et al., SV elements: 4 homirid-specific rerroposon family, 1. Mol
Biol. 354(4) 994-1007 (2005), don:10.1016/4,mb.2003.09.085). Long-Interspersed Elements
{LINE1} are sumilar to ALU and SVA in that they also confain the hallmarks of retrotransposons
andd are high copy number, but differ in size, bemng up to several kilobases in length (Deininger,
PL: Batzer, MA, Mammalian Retroelements. Genome  Res. 12{10)1455-65 (20023},

dor 10,1101 7gr 282402 ).

10107} Ri-based DN Quamtitation

0108} RE-based quanittation methods are advantageous when compared 1o cwrrent,
commercially avarlable systems due to the presence of a large wamber of fixed insertions. With
a high copyv number of subfamily-specific RE repeats within the human genome, these human-
specific DNA assays have g very sensitive dynaniic range of 1 pg 1o 100 ng (Nicklas, JA; Buel,
E., Development of an dhe-based, Real-Time PUR Method for Ouantiiation of Human DNA B
Forensic Samples, 1. Forensic Sci. 48(5) 1.0 (2003)). For example, the ALU Yb lineage
contains approximately 1800 copies per genome and SVA contains approximately 1700 full
length element copies per genome {Wang, H., referenced sipwra; Carter, AB, et al,, Genome-wide

analysis of the fuman Aly Yh-linegge, Hom, Genomics 13Y: 167-178 (2004)). This large copy
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muember ninmnizes the effect of variation between individuals, resulting in highly reproducible
quantitation values.

{0109] U8, Patent Pubhication 2014/0051075 A1, to Soadhir K. Sinha, is entitled “Development
of a Highly Sensiive Quantificatton System for Assessing DNA Degradation and Quality m
Forensic Samples™ and describes the detection of DNA quality with a muluplex reaction using
ALU and SVA for human DNA quantification.  Though very useful for forensic purposes, the
described method does not detail specific application to cell free DNA from plasma andior
serpm.  The amplicon sizes needed for a ofDNA assay are different from those needed for
forensic apphications, and other details of the two methods such as amplification conditions and
primer/probe concentrations differ as well,

{0110} There s a clear need n cancer management, and CRCO treatment specifically, for a
standardized and validated blood test to sensitively and robustly quantitate cfINA integrity and
concentration.  The present application addresses this need by creating 8 multiplex gPCR assay
for quantitating ofDNA integrity and concentration based on REs.

j0111] The most commonly emploved method conducted by others i the field of ¢fDNA
mtegrity and concentrabon assessment for cancer detection and monitoring 18 gPCR using the
ALU 2477115 index.  This method has shown promise in nwultiple studies; however, there is a
strong need for a standardized, validated muluplex that can simultancously and accurately
measure ¢fDNA concentration, integrity and PCR mhibition from plasma and serum.

{0112} In one embodiment, the developed multiplex wses two independent vetrotransposable
element genomic targets, an ALU element in the Y08 subfamuly of 80 bp in size and an SVA
element of 207 bp in size, in a muluplex based, real-time gPCR assay for the detection of two

sized targets to assess the extent of DNA integrity. The muliiplex exhibits high PCR efficiencies
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for both targets (see Figure 1). The system also mcorporates an mternal positive control target
synthetic sequence of 172 bp in size to monitor and enable the detection of PCR inhibitors in
forensic samples, The svsten is highly sensitive due to its multi-copy nature, and the system i
highly reproducible and accwrate due to the bigh copy number (> 1000 copies per genome) of the
selected targets.

[0113] A piiot study with serum and plasma samples tested with the qPCR multiplex of 207 bp
and B0 bp target sizes has been performed. Seram and plasma samples from noomal healthy
mdividuals were processed both with DNA punfication and without purification {divect gPCR}.
The data shows several interesting observations. First, it is observed that the short target
produces a quantification value as low as 0.3 picograms of ¢fDNA {Table 1), It should be noted
that m this pilot study, the PCR was performed at 32 PCR cycles (a0 literature search reveals
cfDNA gPCOR assays are typically performed as low as 35 eycles)  Even with 32 cycles, the
ability of the RE-gPCR muduplex to detect ¢fDNA at very low levels is demonstrated. Cycle
mumbers and other PCR parameters may be further optimized.

{0114} Secondly, it is observed from this pilot study that the main challenge to overcome is the
complete inhibiton or lack of detection of the long target with serum and plasma samples
processed using direct gPCR without DNA purification. This can be overcome in part by testing
fragments of cfDNA of varying sizes and selecting the most sensitive and accurate targets. The
use of robust enrymes and PCR additives may be of primary imporiance in overcoming the
problem of lack of detection of the long target. This pilot study demonstrates that the basic
concept in this effort of using the high copy number retrotransposon targets Yb8 and SVA in a
multiplex qPCR system to detect DNA integrity for the application of colorectal cancer diagnosis

and prognosis is feasible
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[0115] Table 20 RE gPCR on punified and direct gPCR serum and plasma samples from normal
individuals,

ALU 80 SVAZ0T; DNAINegrity  IPC Ot ecematic
Short (nglpl) Long (ngfpl)  (SVAZCTIALUBG)  mnge om 1800

Whaole senim 1 {divact) £.002 o g tindetormined+
Whole serum 2 {direch) 0.022 0 0 Undetermineds
Whole senum 3 {direct) £.009 0 0 Undeatermineds+
Puified serum 0.020 g.009 045 202
Puitlied serum 2 0733 8421 0587 187
Purified serum 8 0.045 8.013 029 202
Whiole plasma 4 [direct)y 0.0063 8 0 249
Whole plasma S (directy 0.002 o 0 251
Whole plasmia 6 (direciy 0.0004 g 0 235
Purified plasma 4 0.058 g.019 .33 21.38
Putified plasma 8 0409 0.032 Q.08 2104
Purified plasma 6 0.080 G020 0.24 2140

Brewbach 2014 method used for direct gPCR of plasma {The plasma was diluted in sterile water
mn a 1:40 ratto for divect gPCR measurement).

+ Did not cross the cyele threshold at 32 PCR cyoles.

Bold font mndicates internal posttive control Ct values outside of the acceptable range.

{0116} Furthermore, the nitlity of the internal positive control (IPC) with direct gPCR serum and
plasma samples is shown by the results of this pilot study. It is observed that with purified DNA
from seram and plasma, no PCR inhibition 15 noted, as indicated by the acceptable IPC (t
values. On the other hand, the direct gPCR of both serom and plasma samples without DNA
purification exhibits PCR inhibition ag indicated by the fatlure of the IPC target to amphify as
expectad (see IPC amplification plots in Figore 2 and IPC Ct values in Table 2} This work

demonsteates the challenge 1o performing divect gPCR on seram and plasma samples.

EXAMPLES

{0117} Example 1 Expenimental Design

{6118} The objective of this work was the development of a three target {one short RE target,

one long RE target, and one internal positive control synthetic target) multiplex RE-qPUR assay

a3
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to accurately and robustly obtain ¢fDNA concentration and DNA integrity values from normal
and CRC patients directly from plasma/serum sgmples without DNA purification. The following
process was used to address the goal of this work.

[6119] Step I Mentification of appropricde sltd copy frgets (ALUL LINE, andior
S¥A efament) for accurate quantitation of ofDNA concentrarion,

[0120] Diagnostic potential of ofDNA integrity has been shown o be similar when different
mterspersed genetic clements are used (ALU and LINEL in Madhavan, D, et al., Plasma [DNA
integrity as a bivmarker jor primary and metastatic breast cancer and potential marker for early
diggnosis, Breast Cancer Res. Treat. 146(1) 163-74 (2014}, dor:10.1007/510549.-014-2946-2).
Diagnostic potential 15 enhanced when multiple measyres {e.g. concentration smd integrity} are

combined (Hao, TB, et al., Ciraulating cell-free DN in serum as a biomarker for diagrosix and

progaostic prediction of colorectal cancer, British Joumal of Cancer 2014: 1-§ doi

FOU1038/Dic. 2014 470; Madhavan, et al, referenced supra). These results highlight the vulity of
and integrity. In the case of the commonly emploved ALU 247/113 protocol, targeted sequences
of a single ALU element are nsed, and thus the two fragments analyzed are not mdependent.
This can lead to less than accurate quantification values. As explained more fally above, the
target sequences of the ALU 2477115 protocol cannot be multiplexed, and single-plexing is a
much less advantageous experimental arrangement for the present purpose. The system of the
present invention is one in which independent targets are used o sccurately quantitate
concentration and integrity within a single qPCR reaction,

0121} For this application, a gPCR system emploving two different sized targets has been

assessed with blood serum and plasma samples. Additional targets may be assessed with the
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purpose of selecting the most accurate fargets. Assessment included evaluating the ability of
gach tested target to accurately guantify DNA as compared to the known quantitation standard
NIST SRM 2372 (Human DNA Quantitation Standard). The individual short RE target and long
RE target that most accorately guantifies cfDNA and cfINA integrity m the normal and CRC
patient groups will be incorporated into the threetarget multiplex. This step enables the

identification of optimal targets for the accurate detection of ofDNA and ctDNA integrity.

{0122} Step 20 Creation of a robust three farget mudtiplex assay 10 wecurately
guantitate GONA concentration and negrity,

[6123] The two targets identified which most accurately quantify ¢fDNA concentrabon and
integrity in the normal and CRC patient groups m a single-amplification moltiplex reaction are
used. The third farget s a synthetic mternal positive control (IPC) to monitor presence of
mhibitors in the sample that can affect the accuracy of ¢fDNA messurement by qPCR. The
approach to achieve the subject goal requires strategic planning as well as multiple attempts o
optimize the reaction conditions. The task increases m complexity as one tries to multiplex more
primers. There are several published reports that provide guidance to achieve successful PCR
multiplexing (Markoulatos, P; Stafakas, N; Moncany, M, Muftiplex polvmerase chain reaction :
a practical approach, 1. Clin. Lab. Anall 16(1) 47-51 {2002}, Schoske, R; Vallone, PM;
Ruitherg, OM; Butler, JM, Multiplex PCOR design sirategy wsed for the simultaneony
amplification of 1Y chromosome shovt tandem repear ¢ SIR ) loci, Anal. Bioanal. Chem.
375(3) 333-343 (2003); Henegarin, O; Heerema, NA; Diovhy, SR: Vance, GH; Vogt, PH,
Multiplex PCR . crivical parameters and step-by-siep profocol, Biotechnigues 23(3) 504511
{1997y, Shuber, AP, Grondn, VI, Klinger, KW A simplified procedure for developing multiplex

PURs, Genome Res. 5(8): 488493 (1983), dor10.1101/gr 5.5 488}, The parameters o consider
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for developing a multiplexed PCR system are: 1} Primer length and sequence; 2) Melung
temperature of each primer; 3} Relative concentration of primers; 4) Concentration of PCR
buffer; 5) Balance between magnesiumy chloride and dNTP concentration; 6) Cychng
Temperatures; 73 Cycling Times; and &) Tagman probe design. We have analyzed performance
of the muluplex assay in the following ways: melt curve analyses to show sequence specificity of
the primer sequences; quantitation of the NIST SRM 2372 human DNA guantitation standaxd to
determune accoracy; and goantitation of a didution senes of the NIST standard to assess
sensitivity. This step enables the development of an accurate, sensitive, reproducible, and robust
multiplex gPCR assay to determine cfINA concentration and integrity m a single reaction m less

than 2 hours.

124 Svep 30 Dedernuine i and how POR dsfabition affects acowracy aof RE-gPCR from dnaman
Bload plasma and serupt

j0125] Serum and plasma specimens are known to frequently contain PCR inhibitors, including
hematin, Immunoglobelin G, and low molecular mass solutes and protems (Al-Soud, WA
Jonsson, L, Radstrémy, P, Mdendificaiion and Charecterization of fmmunoglobulia G In Blood as
a Mojor Inhibitor of Plagrostic PCR, Y. Clin. Microbiel, 38{1); 345-350 (20003). These
substances can significantly reduce PCR efficiency and cause false negative results. An
mportant contribution of the present muoltiplex assay 18 the mtroduction of a synthetic DNA
sequence used as an internal positive control {IPC) within each RE-qPCR reaction. This control
evalnates PCR inhibition and determines successfl PCR within a sample.  Previous work has
demonsirated that such a control increases reliability of PCR data by successfolly wdentifving the
effect of PCR mhibitors in a specimen {Pineda, GM; Montgomery, AH: Thompson, R; Indest, B;

r»“-:f

Carroll, M; Sinha, SK, Development and validation of InnoQuant™, a sensitive luman DNA
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guamiitation and degradation assessment methad for forensic samples using high copy mumber
mobile  elements  Alw and SVA4, Foremsic Sci. Int. Genet. 13 224-235  (2044),
doi 1010164 f5igen 2014.08.007). Several studies show that the distoibution of ofDNA
concentration and integrity values from CRC patients and control subjects differ significantly,
but the distrtbutions of values are overlapping. It is possible that addressing inhibition may add
resolution to these distributions. Incorporation of an IPC in the muliiplex allows verification that
the PCR reaction took place as expected without mhabitor or other adverse effects. IPC data has
been analyzed from both purified DNA and direct RE~-gPCR experiments to determine the extent
of mhibition with respect to an empirically derived Cy threshold. This step enables utilization of
the developed multiplex in a direct gPCR reaction that inclades verification of PCR success,

while redocing false negative resalts.

18126] Example 2. Protocol for serum and plasma separation,

{6127} Serum and plasma separation are performed according to the standard protocol and
within four hours of collection, and stored at ~-80°C until they are processed. Care is taken to
avoid freeze-thaw cycles. For serum specumens, whole blood is collected in the commercially
avatlable red-topped test tube Vacutatner {Becton Dickinson). For plasma specimens, whole
blood s collected in the commercially avalable anticoagulant-treated tubes ¢.g, EDTA-treated

{favender tops) or citrate-treated (light blue tops).

{0128 Example 3; Protocol for direct DNA guantitation,

[0129] Two separate protocols bave previously been described for divect DNA quantification

from erther haman serom (Umetany, N, et al., fncreased integrity of free civerdating DNA b sera
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of patients with colovecial or periompuiiory cancer: Divect quanitative PCR for 4017 repeats,
Clin. Chem. 52(6); 1062-1069 (2006), doui0 1373/ clinchem 2006.068577) or plasma
{Breitbach, 8, et al,, Divect quantification of cell-free, cradating DNA from unpurified plasma,
PLOS One 9(3): 87838 (2014), do:10.137Hjournal pone 0087838).  We have tested both of
these methods on serum and plasma in order o compare amplification efficiency from hoth
wethods. The first method includes deactivation or ehimination of proteins that bind to template
DINA or DNA polymerase and might invalidate gPCR results. A volume of 20 gl. of each seram
or plasma sample is mixed with 20 ul. of a preparation buffer that containg 25 mLAd Tween 20,
50 mM Tris, and 1 mM EDTA. This mixtwre 13 then digested with 16 pg of proteinase K
solution {(agen) at 50 °C for 20 mum, followed by § min of heat deasctivation and
msolubilization at 95°C.  After subsequent centrifugation at 10,000g for 5 min, 0.2 pl of the
supernatant {containtng . 1-ul equivalent volume of seramiplasma) is used as a template for
gach direct RE-gPCR reaction. The second method bypasses the protein removal step and only

’

requires 140 dilution of the serum/plasma sample with sterile HaO.

{0131} For comparison to and validation of direct quantification of ¢fDNA, RE-gPCR has been
performed on isolated, purified cofDNA. ¢fDNA may be purified by magnetic bead extraction or

by using the silica based membrane QlAamp DNA Investigator Kit (Qiagen).

10132] Example 5: Desion of primers and TagMan probes,

{0133] Primers and labeled probes used in the qPCR reactions may be obtamed from Eurofins

MWG/Operon, Integrated DNA Technologies, or a variety of other vendors.  Primers for
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amplifving the ALU 115 and ALLU 247 fragments and LINEL 79 and 300 fragments have been

reported previously (Umetant N, et al., Increased integrity of free ciresdating DNA in sera of

padients with colorectal or periapypadlary cancer: Dirvect guantitarive PCR for 41U repeats,

Clin. Chem. 32(6}); 1062-106% {2006}, doi10.1373/clinchem 2006 068577, Mead, R: Duku, M:
Bhandari, P; Cree 1A, Ciraudating fhomowr markers can define patienis with normal colons,
benign polvps, and cancery, Br. 1. Cancer 105(2) 239-245 (2011), doi 10.1038/bjc.2011.230),

{0134} Primers for our proposed targets ALU Yb® and SVA were designed and tested. Two
short AL primer sets designed to produce amplicon lengths of R0 bp and 120 bp, among othe:

were developed for use in the multiplexed assay of the present mvention. Four primer sets
designed 1o praduce amplhicon lengths of 207 bp, 257 bp, 265 bp and 290 bp, among others, were
developed using Primer 3 software and an SVA retrotransposon ssequence.  Because the SVA
sequences are francated in many individuoals and also have sequence similarities with ALU
sequences in certain regions, the target SVA sequence was selected from the SVA-R region,
which has no or minimal sequence similarity as compared with the ALU sequence. Figure 3
shows a schematic representation of the relative positions of the forward and reverse primers and
the double labeled probes for both ALU-YDLS and SVA sequences for gPCR analysis. The
primer sequences are shown in Table 3. Aay additional primer design may be done using Primer
3 software (Koressaar, T, Remm, M, Fukancements and modifications of primer design program
Primer3,  Buwinformatics  23{10) 128981 (2007, doi 101093 /bioinformatics/buniivi;
Untergasser A, et al., Primer3--new capabilities aud Bierfaces, Nucleic Acids Res. 40(15): 115
{20123, dou10.1093/nar/gks596). Additionally, appropriate probes were developed for use in

these amplifications. Probe sequences are shown in Table 4
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Table 3. Designed primers for ALU shovt and SVA long targets

Marker
Name

Target
Size

Forward Primer

Reverse Primer

GGAAGCGGAGCTTGCAGTGA
SEQ D NO: 1

AGACGGAGTCTCGCTCTOTCGC
SEQ 1D NO: 2

AGACCATCOTGGCTAACAA
SEQID NG

GCCATTCTCCTGCCTCA
SEQIDNG: 4

120

TGGATCATGAGGTCAGGAGAT
SEQ IDNO: 22

CCGAGTAGCTGGGACTACA
SEQIDNOQ:; 23

ATCCTGOGCTAACAAGOTCAAA
SEQIDNQ: S

COGGOTTCACGCUATTICY
SEQIDNG: 6

207

CTGTGTCCACTCAGGGTTAAAT
SEQ D NO: 7

GAGGGAAGGTCAGUAGATAAAC
SEQIDNO: 8

CCTGTGUTCTCTGAAACATGTGUT
SEQ IDNO 9

GATTTGGUAGGOGTCATGGUGACAAT
SEQ D NG 1

ATGTGCTGTOTCCACTCAGGGTTA
SEQ D NQO:; {1

ATTCTTGGGTGTTTCTCACAGAGG
SEQIDNO: 12

290

TCGUATCCTGTTGATCTGTGACCT
SEQIDNO: 13

GATTTGGCAGGGTCATOGGGACAAT
SEQID NG 14

[
(¥
M

GTTGCCGTATCTGTGTAGAA
SEQ D NO: 24

ATCGGACAATAGTGGAGGGA
SEQ IDNO: 25

367

CCGTGTCTGTGTAGAAAGAAGTAG
SEQ D NO: 26

GGGATTTGGCAGGGTCAT
SEQ ID NO: 27

gy

GOCGGCTTTGTGGAATAGA
SEQ [D NO: 28

GAGGGAAGGTCAGCAGATAAAC
SEQ 1D NO: 29

411

TCGAATAGAAAGCCAGGAAAGG
SEQ D NO 30

GCAGGOTCATGGOACAATAG
SEQ 1D NO: 31
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Table 4 Designed probes for ALU short and SVA long targets

Marker | Target Probe
Name Size

AGATTGCGCCACTGCAGTCCGCAGT

ALY B SEQ 1D NO: 13

TGTAGTCCCAGUTACTCGGGAG

ALU 119 SEQID NO: 16

ACCATCCTGOGUTAACAAGOTGAAALC

AlU 1 120 SEC ID NO: 32

TOTAGTCCCAGCTACUTCGGGAG

ALY 123 SEQ ID NO: 17

AAGGGUGOTGCAAGATGTGCTTTGTT

SVA 1 207 SEQ 1D NO: 18

AAGGOGCOOGTGCAAGATOTGUTTICTT

SVA 387 SEQ ID NO: 19

AAGOGGCGGTGCAAGATGTGCTTTIGTT

SVA 1 265 SEQ 1D NO: 20

AAGGGCGOTGCAAGATGTOCTTIGTT

SYA 290 SEQ D N 21

ATCAGGGACACAAACACTGUGGAA

SVA 399 SEQIDNG: 33

1 [0135] Example 6. Optimuzation of Qhigonucleotide Primers

2 0136] Primers were evaluated by gel electrophoresis analysis of PCR products, noting the
3 R - O } ~ b ft

3 abality of each primer pair to produce a single PCR product when PCR amplification was carried
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out in the presence of human genomic DNA.  Care was taken to ensure that no PCR
amphification prodoct was formed in the absence of genomic DNAL  Primers were forther
evaluated using a SYBR green assay and melt curve analysis to examine the specificity of the
PCR amphification. Figures 4 and § show exemplary SYBR green data in the form of an
amplification plot, a standard curve, a melt curve and a melt peak (derivative melt curve) for the
Yh8-119 and SYA-399 targets.

{0137} Figwres 6 and 7 show the unacceptable SYBR green results obtained for the most
common cell free DNA PCR biomarker, which inclodes ALU-TIS and ALU-247 targets.
Amplifications based on the ALU-115 and ALU-247 biomarkers were both unsuccessful as
shown by primer dimer backaround in the no template coutrods.

{0138} Results obtained from SYBR green assays for particolar primer pairs are swrnmarized 1o

Tahle 3 below:

Table 5 SYBR Green Assay Results for Individual Primer Pairs

Primer Optimal | Results
Pair Temperature |
Yh8-80 61°C - High efficiency, low levels of DNA detected without any primer

dimer background

YhE-119 &1°C Unsuitable due to high primer dimer background
Yb8-120 62.53°C - High efficiency, low levels of DNA detected without any primer

dimer background

SVA-207 61°C - High efficiency, low levels of DNA detected without any primer
| dimer background

giency, low levels of DNA detected without any primer

SVATZST G High effi
5 dimer background
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Primer Optimal | Resulis
Pair Temperature |
SVA-26S 37°C - High efficiency, low levels of DNA detected without any primer

dimer backgroond

SYA-290 64°C - High efficiency, low levels of DNA detected with very low levels
| of primer dimer background

SVA-367 o Unsuitable due to high pnimer dimer background
SVA-399 e Unsuitable due to high primer dimer background
SVA-411 --e Unsuitable due 1o bigh primer dimer background
ALU-11S 64°C Primer paus reported in the prior art indicated high primer dimer

hackground and therefore are not optimal for this application

ALU-147 64°C | Primer pair reported in the prior art indicated high primer dimer
1 background and therefore 1s not optunal for this apphication

{0139 Example 6. Procedure for gPCR.

{0148 The qPCR assavs may be run on an Applied Biosystems 7500 Real Tume PCR instrument
anddfor the Biorad CFX, but useful instrument platforms are not hmited thereto. The gPCR
assays of the present invention may be adapted to work on most Real-Time PCR mstruments.
To assess the concentration and integrity ndex of serum and plasma circulating ciDNA, both
short and long fragments may be amplified and quantified. The short fragment primer sets may
amplify the short (apoptotic) DNA fragments, whereas the long fragment primer sets may
smplify the long (non-apoptoticy DNA fragments.  The RE-gPCR muliplex reaction may
conttain three targets m a Tagman based assay: a short RE target, a long RE target. and a
synthetic IPC sequence.  The hybridization probes detecting each target may be
labeled with different fluorophores {e.g. FAM, G5, or Cy3) to enable simultancous detection,

The following PCR conditions may be used, buat they can be modified as necessary: 10 min 95°C
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denaturation cycle, followed by 32 cveles of 2-step qPCR (15 s at 95°C and 2 mmn at 61°C
combined annealing/extension time) at maximom ramp speed. Additional PCR parameters (1.e.
evele number, denataration and annealing/extension times and temperatiwes) are investigated to
obtatn a robust, sensitive gPCR nuudtiplex.

{0141} “Short” YDR and “long” SVA primer pairs selected from those shown in Table 3 above
were combined into cight different multiplex sets (Yh&-80 & SVA-207, YbR-80 & SVA-257,
YH8-8( & SVA-265, YbR-80 & SVA-290, YD&-120 & SVA-207, YbB-120 & SVA-257, YbBR-
120 & SVAL265, and YDS-120 & SVA-290). The optinal temperature for each multiplex was
determined by a temperatwe gradient ranging from 64.0°C 1o 55.0°C. The concentration of
primers and additives including DMSO and additional MgCl; were optimized for each multiplex
set.

{0142} The reaction mixture of each multiplex YhE-SVA-qPCR included a template, forward
primer, reverse primer, Hoorescent probe, Brilliant Multiplex QPCR Master Mix {Agilent) and
the additives bovine serwrn albumin ((BSAT), dimethyl sulfoxide (DMSEQ”), and magoesian
chloride (‘MgCh').  Real-time PCR amplification was performed with pre~cycling heat
activation of DNA polymerase at 95°C for 10 min followed by 32 cycles of denaturation at $5°C
for 15 sec and extension at 61-62.5°C (depending on the multiplex set) in a CFX96 Touch Real-
Time PCR Detection System {Bio~-Rad Laboratories). The guantification of DNA m each sample
was determined by use of a calibration cwrve with senal didutions {5 ng/pl. to 1.6 pg/pl)

Selected results are shown m Figures 8-15.
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{0143] Exanmple 7. Procedure for gPCR data analvsis and quality contol,

j0144] Data analysis may be performed utilizing the respective AB 7500 or BioRad CFX
mstrument software. Melt curve analysis niay be generated using Qiagen’s QuantiTect 1 SYBRI
Green PCR Kut (Cat# 204141 and operated using the Apphed Biosystems 7500 Real Time PCR
instrument. For each experiment, a freshly prepared 3-fold serial dilution of high molecular
weight standard DNA (ranging from 10 ngful. to 0.004 ng/ul) was run 1w duplicate on gach
plate to generate standard curves for the long and short targets. The standard curves are plotted
Cy vs. Delta Ry (the fluorescence emission mtensiy of the reporter dye divided by the
fluorescence emission miensiy of the passive reference dye). Resultant DNA gquantitation
values are interpolated from the resulting linecar standard curves. At least one negative No
Template Control (NTC) is run on each plate. The ratio between DNA concentration of the long
target divided by DINA concentration of the short target provides an indication as 1o the degres of
DNA mtegnty for the quantified sample. DNA integnty index is calculated as the ratio of
concentrations {[concentration of long RE marker] / [concentration of short RE marker).
Quality metrics, including PCR efficiencies (Le. slope) of both short and long targets, Y-
mtercept valoes, and vertfication of no true amphification in negative controls was assessed.

[01453] Effictencies and integrity indices (long/short ratio)} for some of the multiplex sets named
above are shown m Table 6. As noted in Table 5, the primer pairs that performed exceptionally
well mdividually in the SYBR green assay were Yh8-80, Yb3-120, SVA-207, SVA-257. SVA-

265, and SVA-290.
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1 ({0146 Table 6 Efficiencies and Integrity Indices for Selected Multiplex Sets

Short Target | Long Target | Efficiency Short | Efficiency Long Integrity Index
Target Target
Yb&-80 SVA-Z07 101.8% 101.7% 0.993
YbS-30 SVA2S7 99,4 90.5 1.041
Yh8-80 SVA-265 599 28.3 1.069
YHR-80 SVA-290 101.2 993 1.089
Yh&-120 SVA-207 98.9 Q3.5 | 0.786
Yb8-120 SVA-257 1053 95.0 P15
Yb8-120 SVA-265 aR7 95.9 1046
YbE-120 SYA-290 980 96.3 112

3 [0147] While this invention has been particularly shown and described with reference to
4  embodiments thereof, it will be understood by those skilled m the an that various changes in
& form and delails may be made therem without departing from the spinit and scope of the

6  imvention as defined by the appended claims.
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WHAT IS CLAIMED IS:
1. A nultiplexed methad to quantitate the wmtegrity of circulating cell free hwman DNA,|
COMPTISING:
providing a sample of serum, plasma, wnne, or other biological Haid, the sample
comprising cell free huwman DNA| the cell free human DNA comprising a short
nucleic goid fragment including less than 180 bp and a long nucleic acid fragment
mcluding more than 1R0 bp, the short nucleic acid fragment and the long noclerc
acid fragment being retrotransposable element genomic targets that are
independent of each other;
ysing a guantitative polvmerase chain reaction {gPCR) mwethed to separately and
simultancously guantitate the short nucleic acid fragment and the long nucleic
acid fragment, obtaming for each quantitated nucleie actd fragment a threshold
eyvele number;
comparing each threshold cvele number with a standard curve o determuine for sach
guantitated pucleic acid fragment a guantity of the DNA {fragment that was
present 1 the sample; and
calculating a ratio of the quantity of the long mucleic acid fragment o the quantity of the

short nucleic acid fragment.

2 The nndiiplexed method of claim 1, the retrotransposable slement genomic targets being

each independently an interspersed ALLL SVA, or LINE element.
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3 The multiplexed method of claim 2, the retrotransposable element genomic targets each

having a copy number in excess of 1000 copies per genome,

4, The multiplexed method of claim 1, huther comprising a step of adding & synthetic DNA
sequence as an internal posttive control prior to the using step, quantitating the internal positive

coutrol in the using step, and wtilizing the quantitative internal posttive control result in the

)

comparing step to mimprove the accuracy and reliability of the comparing step.

S, The multiplexed method of claim 4, the use of the internal positive control enabling 2

determmnation of the concentration of cell free DNA in the sample.

6. The multiplexed method of claim 1, the providing and using steps being carried out in a

single tube,

:‘-.3

The nudtiplexed method of claym 1, the ratio serving as an integrity value of circulating
cell free DNA for diagnostic applications.
8, The multiplexed method of claim 7, the diagnostic applications comprising ong or more

of the detection, diagnosis, prognosis, ireatment monitoring, and surveillance of cancer,

3 The multiplexed method of claim 1, the method further comprising a step of deactivating

or elinunating proteins that bind to the short nucleie acid fragment or the long nucleic acid

fragment.
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i, The multiplexed method of claim 1, the method further comprising a step of diuting the

sample of serum or plasma with sterile water.

11, The muliiplexed method of claim 19, the dilution consisting of mixing one part of sample

with 40 parts of sterile water by volume.

12, The multplexed method of claim 1, the providing step further comprising providing a

hvbridization probe corresponding to the short nucleic acid fragment and a probe corresponding

to the long nucleic acid fragment.

13, The multiplexed method of claim 12, cach probe including an observable label,

14, The multiplexed method of claim 13, each observable label being a fluorescent label, the

fluorescent labels being distinct from each other.

IS8, The multiplexed method of claim 1, the using step further comprising a step of separating

amplification products obtained from the gPCR reaction using electrophoresis.

16, The multiplexed method of claim 1, the method further comprising a step of determimng

an optimum temperature for the gPCR reaction.

17, The multiplexed method of claim 1, the sample being from an individual who is suffenng

from cancer or who is at risk for developing cancer.
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18, A multiplesed system for characterizing cancer in humans, the system comprising:

a sample of serum, plasma, urine, or other biological flmd, the sample comprising cell
free DNA, the cell free DNA comprising two retrotransposable element targets,
the first target being a multi-copy retrotransposon having less than 180 bp, the
second target being another multi-copy retrotransposon having more than 180 bp,
the first target and the second target being independent of each other, the sample
further comprising an added third target, the third target being an internal positive
control comprising synthetic DNA

a TagMan probe corresponding to each of the first target, the second target and the third
target, each probe comprising a detectable label that is distinet from the labels
incorporated into the other probes;

a forward primer and a reverse primer for amplifving each of the first target, the second
target and the third target;

a DNA standard for generating standard curves for the first target and the second target;

a gPCR system for sinultaneously amplifving the first target, the second target and the
third target and for producing a threshold cycle number for each target; and

a qPCR data analysis system for producing DNA guantitation values for each target by
interpolation vsing threshold cycle nombers and standard curves and for using the
DNA quantitation values to produce an indication of the integrity of the cell free

DNA
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19, The multiplexed svstem according to claim 18, the detectable labels corresponding to the
first target, the second target and the third target bewg fluorophores that are distingt from each

other.

200 The multiplexed system according to clatm 18, the qPCR system amplifiing the first
target, the second target and the third target withoot prior purification of the first, second, or thied

DINA targets.

21, The multiplexed system sccording to claim 18, the gPCR system mcluding DNA
polymerase, the gPCR system amplifving a template DNA fragment of each of the first target,
the second target and the third target after deactivation or elimmation of protein bound o at least

one of a template DNA and DNA polymerase.

22, The multiplexed system according to claim {8, the retrotransposable element genomic

targets being each mdependently an interspersed ALU, SVA_ or LINE element.

23, The multiplexed system according to clamm 18, the first target being an ALU element
having a size selected from the group consisting of 80 bp, 119 bp, 120 bp and 123 bp, the second
target being an SVA element having a size selected from the group consisting of 207 bp, 257 bp,

263 bp, 290 bp, 3535 bp, 367 bp. 399 bp and 411 bp.

24, The multuplexed system according wo clatm 18, the first target being an ALU element of
the Y8 subfamuly having a size of about 8O bp, the second target being an SVA element having

a size of about 207 bp.
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25, The muliiplexed system gecordmg to claim 18, the third target baving a size of about 172

by,

26, The muluplexed system according to clamm 18, the first target and the s

having a copy number in excess of 1000 copies per genome.

ccond target each

27. The multiplexed svstem according to claim I8, the first target belng an ALU element

having one of the sizes indicated below, the second target being an SVA clement having one of

the sizes indicated below, the forward primers and the reverse primers for the first target and the

second target being selected from those presented in the table below:

Marker
Name

Targst

{bp)

Forward Primer

Reverse Primer

GGAAGCOGAGCTTGCAGTGA

AGACGQAGTCTCQCTCTOTCGC

SEQ D NOUT

ALY 80 SEQ IDNO: SEO 1D NO- 2
R AGACCATCCTGGCTAACAA GCCATTCTCCTGCCTCA

ALY i SEQIDNO: 3 SEQID NG 4
TR TGGATCATGAGCTCAGGAGAT CCOAGTAGUTGGGACTACA
A = SEQ D NO: 22 SEQ 1D NO: 23
TR ATCCTGOCTAACAAGGTCAAA CGGGTTCACGCCATICT

ALU 23 SEQ I NO: § SEQ ID'NO: 6

sva | 207 CTGTGTCCACTCAGGUGTTAAMAT | GAGGGAAGUTCAGCAGATAAAC
SVa A SEQ IDNO: 7 SEQ D NO: 8

sva | o257 | CCTGTGCTCTCTGAAACATGTGCT | GATTTGGCAGGGTCATGGGACAAT
By 237 S%Q NG © SEQID NG 10

qva | aes | ATGTGCTGTGTCCACTCAGGGTTA | ATTCTTGGGTGTTTCTCACAGAGG

SEQID NO: 12
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o Target

Marker | Size Forward Primer Reverse Primer
Name {bp) yERAR S >

TGGGATCCTGTTGATCTOTGACCT | GATTTGGCAGGOGTCATGGGACAAT

SV A 2 . :

SVA L 290 SEQ ID NO: 13 SEQ ID NO: 14

wa | 3ss GITGCCGTGTCTGTGTAGAA ATGGGACAATAGTGGAGGGA
VA O SEQ 1D NO: 24 SEQ 1D NO: 25

ca | 3@ | COGTGTCTGTGTAGAAAGAAGTAG GGGATTTGGCAGGGTCAT

SEQIDNG: 26 SEQID NG: 27

RS

GGCGGCTTTGTGGAATAGA GAGGGAAGGTCAGCAGATAAAL
SEQ ID NO: 28 SEQIDNO:

TGGAATAGAAAGGCAGGAAAGG GCAGGOTCATGGGACAATAG
SEQ ID NO: 3 SEQ ID NO: 3

28. The multiplexed system according to claim 18, the first target bemg an ALY element

having one of the sizes indicated below, the second target being an SVA element having one of

the sizes indicated below, the probes for the first target and the second target being selected from

those presented in the table below:

Mavker
Name

Target
Size

{bp)

Prohe

ALU

B

SEQ ID NO: 15

ALY

119

TGTAGTCCCAGCTACTCGGGAG
SEQ IDNO: 16

ACCATCCTGOGOTAACAAGOGTGAAALLC

ALU 2 SEQ ID NO: 32
ALU | o123

TOTAQTCCCAGCTACTCGGCAG
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Target
Marker | Size
Name {bp) Probe

SEQIDNOIT

AAGGGCGOTGCAAGATETGCTTTGTT

o :y' ,} —‘,-; e ~
SVA |20 SEQ IDNO: 18

AAGGOGCOGGTOGCAAGATOTGOTTTOTY

SVA SEQ ID NQ: 19

o
LAy
o}

AAGOGGCGGTGCAAGATGTGCTTTIGTT

SVa 63 SEQ ID NO- 20

AAGGGCGOTGCAAGATGTOCTTIGTT

SYA 290 SEQ D NO: 21

ATCAGGGACACAAACACTGUGGAA

SVA 1399 SEQ ID NO: 33

29, The multiplexed system according to claim 18, the cell free DNA comprising at least
three retrotransposable element targets, the multiplexed system further compnsing a distinetly
labeled TagMan probe corresponding to each target and a forward and reverse prumer set

corresponding 1o each target, the qPCR system stmultaneousty amplifving each target.

30, A kit for determining concentration and integeity of cell free DNA in biological fluids,
the kit comprising:

a set of primers corresponding to each of a short retrofransposable element genomic
target sequence and a long retrotransposable element genonde target sequence, the short

retrotransposable element being shorter than 180 bp in length, the long retrotransposable element
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being longer than 180 bp in length, the short retrotransposable element and the long
retrotransposable element being independent of each other, each set of primers comprising a
forward primer and 4 reverse primer,

a synthetic genomic sequence suitable for use as an imternal positive control; and

one or more reagents for performing quantitative real-time polymerase chain reaction

{PCR) amplification.

31 The kit of claim 30, the kit hurther comprising a vacuum-filled test tube for collecting

a sample of whole blood.

32, The kit of claima 30, the kit further comprising an anticoagulant-treated whe for

collecting a sample of whole blood and producing a plasma sample.

33 The kit of claim 30, the kit further comprising a probe corresponding to the short

target sequence.

34, The kit of claim 33, the probe including an observable abel.

35, The kit of claim 30, the kat further comprising a probe corresponding to the long target
sequence

36, The kit of claim 35, the probe inclading an observable label.
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37 The kit of claim 30, the set of primers corresponding to the short target sequence being

selected from the group consisting of the following primer pairs:

Marker
Name

Target
Size
{(bp)

Forward Primer

Reverse Primer

ALY

3]

GGAAGCGGAGCTTGCAGTGA
SEQ ID NO: |

AGACGGAGTCRCGCTCTGTOGC
SEQID NO: 2

ALU

119

AGACCATCCTOOOTAACAA
SEQ ID NG

GCCATTCTCCTGCOTCA
SEQIDNG: 4

120

TGOATCATGAGGTCAGGAGAT
SEQ IDNO: 22

COGAGTAGCTGGGACTACA
SEQ IDNO: 23

ATCCTGGCTAACAAGGTCAAA
SEQ 1D NO: §

COOOTTCACGCCATTCY
SEQIDNG: 6

207

CYOTGTCCACTCAGGGTTAAAT
SEQID N7

GAGGGAAGGTCAGCAGATAAAC
SEQ 1D NO: 8

CCTGTGUTCTCTGAAACATGTGUT

GATTTGGUAGGOGTCATGGUGACAAT

SEQ IDNO: 11

SVA 257 SEQ D NO: 9 SEQIDNG: 10
SVA 65 ATGTGCTGTGTCCACTCAGOGGTTA | ATTCTTGGOTGTITICTCACAGAGG

SEQ D NGO 12

290

FTOOOATCCTGTIGATCTGTCGACCT
SEQID NO: 13

GATTTGGCAGGGTCATGGGACAAT
SEQ ID NO: 14

SVA

[
(¥
M

GTTGCCGTGTCTGTGTAGAA
SEQ ID NO: 24

ATCGGACAATAGTGGAGGGA
SEQID NGO 23

SV A

36T

CCGTGTUTGTGTAGAAAGAAGTAG
SEQ ID NO: 26

GGGATTTGGCAGGGTCAT
SEQ ID NO- 27

SVA

390

GOCGGUTTTGTGLGAATAGA
SEQ D NO: 28

GAGGGAAGGTCAGCAGATAAAC
SEQ ID NO: 29

SVA

411

TGGAATAGAAAGGCAGGAAAGE
SEQ D NO 30

GCAGGGTCATGGCGACAATAG
SEQ D NO: 31
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38 The kit of claim 30, the kat further comprising a hybridization probe corresponding to
the short target sequence and a hvbridization probe corvesponding to the long target sequence,

the probes being selected from the group consisting of the followmg nuclerc actd sequences:

Target
Marker | Suze
Name {bp) Probe

AGATTGCGCCACTGCAGTCCQCAGT

ALY st SEQ 1D NO: 15

TGTAGTCCCAGCTACTCGGGAG

ALU 19 SEQ ID NO: 16

ACCATCCTOGUTAACAAGGTGAAALC

ALU P SEQ ID NO: 32

TOTAGTCCCAGCTACTCGGGAG

ALU 123 SEQ ID NO: 17

AAGGGCGOTGCAAGATGTOCTTIGTT

SVA 1 207 SEQ ID NO: 18

AAGGGUGOTGCAAGATGTGCTTTGTT
SEQ NG 19

AAGGOGCOOTGCAAGATOTGOTTICTT

SVA 263 SEQ D NO: 20

AAGGGOGGTGCAAGATETGOTTTGTT

SVa 90 SEQ 1D NO- 21

ATCAGGGACACAAACACTGCGGAA

SVA | 390 SEQ 1D NO: 33
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