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A NOVEL IMMUNOPROBE-BASED METHOD T(O ASSESS ORGAN
INJURY STATUS THROUGH A BIOFLUID-BASED CELL-FREE DNA
(CFDNA) ASSAY

[0001]  This apphication claims priority to U.S. Provisional Apphication Ne. 62/376,299, filed
Auwgrost 17, 2014, the disclosure of which i hereby incorporated by reference in its entirety for

all purposes.

BACKGROUND OF THE INVENTION
[0002]  Twentv-six million Americans suffer from organ iryuries, such as those associated with
chronie kidoey disease (CKD), and organ transplant rejection and dysfunction, e, kidney
transplant or fung transplant. Treatment of these injunies is very costly. For example, twenty-eight
percent of annual Medicare spending, $57.5 billion, is spent on treating CKD. However, for many
of these, there 1$ 1o way to predict when the mjury s imnunent wnttd olinteal svmptoms emerge.
A large proportion of the  costs associated with these diseases are due o lack of early detection
leading to move severe organ injory and requiring greater and more expensive  therapeutic
mitervention, Methods for earlier detection of kidoey  pathologies would enable reductions in

medical costs and more effective therapeutic mtervention.

[6003] Tradionally, detection of organ injury, e g, kaduey ingury, 15 based on examination of
biopsies, which s both costly and mvasive. Move recently, cell-iree DNA (¢fDNA) from dying
colls bas been discovered i human vrine. Recent efforts have focused on testing of urine for
cfONA as a marker for allograft rejection rather than organ injury; furthermore, the techmique
has been finited to using PCR or next~generation sequencing for the detection of donor-specific
SNPs or the measurement of Alu elements. These methods have hmitanons because they are
tunited fo testing for dney rejection, are expensive, both m consizmables and equipment,
requive relatively larger quantities of DNA, and are not high-throughput. Further, they may not
be able to detect fragment lenpths shorter than 150 bp as it has been found that, although whole,

unfragmented DNA was optimal for a gPCR based approach for measuring Alu, there was a
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sigmificant reduction {7 5% reduction) m DNA quantification for DNA at a fragment size of <158
bp {Sedlackova et al., Biol. Proged. Online (20133 15:5. dou: 10.1186/1480-9222-15-5).

BRIEF SUMMARY OF THE INVENTION
{0004] A novel methodology for quantitative analysis of cell-free DNA in biofluid, sach as
urine and bronchoalveslar lavage (BAL), 1s provided. Aspects described herem melude a
preservative cockiatl of reagents that can stabilize biofluid cellular DNA, 2 method of measuning
ofDNA by hybridization assay that quantifies human Alu repeats in the bioflaid, and a novel
analysis method that factors in chinical assay variables to provide & guaniiative visk score for
kidney mjury. In some cases, the amounts of additional markers in the sample are nieasured,
such as methylation markers {e.g, Somethylovtosine}, tissue inflamomation markers (e,
CXCLIOY, apoptosis markess {e.g., kidney tubular sjury markers, such as clusterin), total
protein, andfor cregtinine. These aspects can be used to assess the kidney health in the context of

kiduey transplantation and kidoey disease.

[0003]  In one aspect, this disclosure provides a selution, 2.g., a sterile solution, that comprises
a formaldebvde donor, a chelator, aurintnicarboxyvlic acid, and polvethylene glycol (PEGYina
concentration sutficient to inhihit cell lysis and to inhibit nucleases i urine. In some
embodiments, the sohution fiwther comprises sodiam ande andfor a buffer. Insome
embodnnents, the solution further comprises a biofluidic sample. In some embodiments, the
biofluidic sanmple 18 8 wane sample or a BAL swople, as the efffuent of choice for non-invasive
measurment of kidney or lung organ injury. In some embodiments, the urine sample 1s from g
patient who has recerved a kiduey transplant or has acute or chronie kidney tnjury, m others 1t is
the bronchoalveolar lavage (BAL) fluid from a patient who has recerved a lung transplant or has

hang tgury,

[0806]  In one aspect, this disclosure provides a method of detecting Alu copy nunber g
biofluid sarople, the wethod comprising: obtaining a wine or other biothud sample froma
human, extracting cfDNA from the sample, forming a reaction mixture by contacting the ¢fDNA
with a muelere acid probe wnder conditions to allow the probe o hybridize to DNA mthe ¢fDNA
that 18 complementary to the probe, wherem the nocleie acid probe has a nucleic acid sequence
having a 37 and 57 end, wherein the muclerc acid probe s complementary to contiguous 20-292

nucleotides of SEQID NGO, wherein the 37 or §7 end s covalently hnked to a detectable label;

[ Q%3
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and quantifying the amount of DNA byvbridized to the probe. I some emboddiments, the probe s
complementary {0 af least 50 contiguous nucleotides of SEQ D NO:2. In some embodiments,
the probe comprises & sequenice of =150, 70-100, 8G-20,_or exactly 31 nucleotides
complementary to SEQ IDNO . {n some embodiments, the detectable abel 1s biotin and the
method comprises contacting the detectable lahel with a streptavidin-linked signal producing

agent.

[0007] In some embodiments, before forming the reaction mixture, mixing a solation
comprising diazolidinyt urea, EDTA, aurintricarboxyhic acid, and polvethylene glyeol (PEGYn g
concenration sufficient to indubit cell bysis and to inlubit nucleases into the une sample. In
sorne embodiments, the method further comprises quantifving the amount of creatiine in the
reaction muxture. In soms embodiments, the method further comprises normalizing the amount
of ¢fDINA hybridized to the probe against the smount of ¢reatinine in the urine samiple to
produce a normalized amount of ¢fDNAL In some smbodunsnts, the method further comprises
normatizing the amount of CfDNA hybridized o the probe against the amount of creatining in the
urine sample to produce a normalized arsount of hybridized DNA. 1o some embodiments, the
method further conprises determuning the patient has kidoey mjury 1f the detected amount of
target DNA {e.g., cfDNA) hybridized to the probe or the nonmalized amount of target DNA {e.g.

&

cfDINA) 15 preater than the cutoff value

{0088] In some emboduments, the human i & patient who bas received a kidney or lung
transplant and the presence of kidaney or lung wjury indicates the patient may bhave acute
rejection episodes. In some embodiments, the method further comprises producing a prediction
score for determining kidney or hung health based on the normahized amount of target DNA (e.g.,
cfDNA) and the time post-iransplant of the Kidney. The patent s determined to have acute
rejection episodes when the predictive score is greater than a cotoff value for the predictive
seores. In some embodiments, the urine or BAL sample s taken 0-400 days, or 10-100 days, or

20-30 days from the patient’s recetving a kidney or tung transplant.

[6609] Insome emboduments, the unine sample 18 frovw an individual suspected of having a
kidney njury caused by a disease selected from the group consisting of BK vival nephiritss, focal

segmental glomerplosclerosis (FSGS), kidney stone, acute tobular necrosis (ATN}, IgaA

nephropathy {TgdAN), and disbetic kidney disease or kidney disease from svstemnie diseases soch
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g SLY, rheumatond arthniis), In these

e

as hypertenston and avtormmune disorders (e

embodiments, a deternsination of kidney injury indicates the patient has the disease.

{0018 In some embodiments, the method fluther comprises guantifyving the amount CXCLID
m the reaction mixture to add greater specificity and sensitivity to the assay through the addition
of a biomarker reflecting the inflammatory busden. In some embodiments, the method further
comprises quantifymg the proportion or absolute quantity of methyvlated ofDNA and
hvdroxymethylated ¢fDNA to refiect the methylation status of the circalatmg DNA which further

defines the presence of mtrinsic tissue injury.

{80111 1o another aspect, the disclosure provides a reaction nuxiure comprising non-anyified
cell-free DNA (cfDNA) extracted from a uning sample {e.g., in some embodiments, froma
patient who has received a kidney transplant) and 11} a nucleic acid probe having a nucleic acid
sequence snd baving a 3" and §7 end, wherein the nucleie geid probe is complementary o 20-292
contigunus nucleotides of SEQ 1D NO: 1 and wherain the 3” or 3" end 1s covalentlv inked to a

detectable lgbel. The reaction mixture can comprise any of the components described herein.

{0012] 1o another aspect, provided herein 1s a method of detecting Alu copy number 1o call-
freg DNA (ofDNA) 1n a biofluid sample from an mdividual having a lung transplant or Tung
transplant clinieal conditions. The method comprises obtabung a bioflud sample. e a
bronchoatveolar lavage {(BAL) fluid sample, from a human; extracting cfDNA from the
biofluidic sample; forming a reaction suxture by contacting the cfNA with a nucleic acid probe
under conditions to allow the probe o hybridize to DNA in the cfDNA that is complementary to
the probe, wherein the nuclese acid probe has a nucleic acid sequence having a 3" and 3" end,
wherein the nuclete acid probe is complementary o contiguous 20-292 nucleotides of SEQ 1D
NOT and wherem the 37 or 57 end 15 covalently linked detectable label; and quantifving the
amout of DNA hybnidized to the probe, thereby detecting Alu copy number in cell-free DNA
{cfDNA) i1 the biofluidic sarople. In some embodiments, the biofhadic sample s a
bronchoalveolar favage (BAL) fluid sample and wherem the method further comprises
quantifying the total volume of BAL flud.

{B013] 1o some embodiments, the method further comprises normalizing the amount of ¢fDNA

hvbridized to the probe against the total BAL fhud sample volume to produce a normalized
amownt of hybridized ¢fDNA.
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{0014]  in some embodiments, the method further comprises comparing the pormalized amount

of hyvbridized DNA to a cutoft value indicative of hung status.

{0015]  io some embodiments, the method further comprises the determining the patient has

g

hung ey o the detected amount of target DNA {e.g., ofDNA) hybridized to the probe or the
normalized amount of tavget DNA {(e.g., ¢fDNA) is greater than the cuwtoff value. In some
gmbodiments, the human is 2 patient having received a lung transplant where in the lung iyury

mdicates that patient has rejection episodes.

[0016] In some embodiments, the method further comprises senevating a KIT score based on
the amount of cfDNA hybadized to the probe and the amount of creatinine in the reaction
mixture. In some embodiments, the KIT scorg is generated using the ratio of the amount of
DINA hybnidized to the probe to the amount of creatinine. In some embodiments, the KIT score
is generated by use of generalized linear models, such as logistic regression, using the amount of
cfONA hybridized to the probe, the amount of creatinine, ong or more mflanunation markers
{e.g., CXCL10), one v more apoptosis markers (e.2., kidoey tubular mpury warker such as
clusterin), and/or one or more DNA methyvlation markers present in the biofluid sample. In some
embodiments, nonlinear regression models, selected from the group consisting of neural
networks, generalized addive models, similarsty least squares, and recurstve partitiomng
methods, may be used to develop KIT Scores. In some embodiments, the KIT score is generated
using additsonal biomarkers selected from the group of CXCLI0, clusterin and DNA methylation
markers such that the KIT score results in greater sensitivity and spectficiiy for the diagnosis and
prediction of organ mnjury, than the use of individual markers m the KIT assav. The KIT oy
score also detects organ mjury with greater sensitivity than current markers of kidnev function
such as the serum oreatinine or wine protem or current markers of hung function, such as forced
expiratory vohane ("FEV™) and forced vital capacity (“FV(™). In some embodiments, vsing the
IT score, e.g, a KIT score, as deseribed above can detect kidney myjuey with a sensitivity of at
feast 85%, at least 87%, at least 88%%, at least 5%, at least 9%, at least 92%, at least 93%, at
feast 94%, at least 93%, andior a specificity of at least at least 85%, at least 87%, at least BB, at
least 90%, at least B1%, at least 2%, af least 93%, af least 94%;, atleast 93%. In some

embodiments, wsing the KIT score deseribed above can detect kidney injury with an AUC of at

LA
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least 85%, at least 87%, at least 88%, at least 90%, at least 91%, at least 92%, at least 93%, at

least 94%, at least 95%, at least 96.9%, or at least 99.4%.

{00171 In some embodiments, the disclosure provides a mathod of detecting organ injury
comprising measaring the amount of cfDNA, and amounts of one or more of markers in g
ofluid sample obtamed from an organ that is suspected of having mjury or is likely to develop
ury, whergin ong or more markers s selected from the group consisting of! 1) one or more
mflammation markers, 11} one or mors apoptosis markers, 111} total profein, and ) one or more
of DNA methylation markers; producing an IT score using the amount of ¢fDNA and the
amounts of the one or more markers, and determining the patient having injury in the organ of
predict that the patient will develop injury in the organ if the 1T score is above a predeternuned
cutoff. In some embodiments, the organ injury s kidnev mpury. In some emboduments, the IT
score is produced by funther including creatinivie. In some embodiments, the 1T score 15
produced by using a mathematical model using the amount of ¢fDNA hyvbridized 1o the probe,
the amownt of creatinine, one or more inflammation markers {e g, CXCLIY)Y, ong or more
apoptosis markers (e.g., kidney tubular inpury marker such as clusterin}, crestinine, andfor one or

more DNA methylation markers present w the biofluid sample

BRIEF DESCRIPTION OF THE DRAWINGS
[6018] Fig. 1 shows clectropherograms that demonstrate m the absence of DINA preservative
sodution the DNA degrades and disintegrates completely over a period of 72 hours: whereas

DINA preservation solution helps mamtam DNA mtegrity up to 72 howrs,

-

[0019]  Fip, 2 compares using the methods disclosed herein and using the standard POR based

methods i Aln detection for ofDNA analysis.
[0020]  Fig. 3 shows a dual biotinvlated-cliponuclectide complementary to the Aly repeats.

{0021]  Fig. 4. shows the dynamic range of the assay disclosed heremn having at least § orders

of magnitude using a chemiluminescent assay system.
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{00221 Figs. 3A-5D show using the assay disclosed heretn to distinguish kudney transplant
rejection {Frgs. 5A-3B), native kidney disease {Fig. 5C) and its improved performance over

proteimuma i detecting kadney pury {Fig. D).

[0023] Fig 6 shows the correlation between chromosome Y and clromosome | copy mumber

m the unine validates the method m thas disclosure.

[0024] Fig 7 shows an exponential decay curve showing change of ofDNA/creatinine ratio
over the munber of days post-iransplantation using data from 9 patients who received kidney

wransplant and did not experience acute rejection episodes.

{0025]  Fig. BA shows the change of c«fDNA/creatinine ratio over the days of post-
sransplantation and Fig. 8B shows change of the Kidney injury Test (KIT) score over the days of

post-transplantation.

[0026] Figs. 9A and 98 show using the ¢fDNA/creatinine ratio to predict acute rejection in

patient #2 and patient #3.

[0027]  Figs. 10A and 108 show using the methods disclosed herein to detect IgA nephropathy
{a native kidney disease) in patients. In this study, wrine samples from individuals ~ 117 of
which were healthy and 85 wndividuals had pA neplwopathy, as previously determined by other
methods — were analvzed using the methods disclosed berem. Fige 10A shows the differences
the detected cfIINA/creatinine ratios between Healthy mdividuals (normal™} and those having
{gA nephropathy (TIgA”). The ROC analysis indicates that the AUC of the ROC curve 13 0.9651
with a confidence mterval of 0.9431 1o 0.9871 with a P value of <0.0001, Fig. 108,

{0028  Fig 11 shows g comparison between the of DNA concentration found m
bronchoalveolar lavage (BAL) fluid from individuals who had stable lung transplants ("STA™)
and from those who underwant occult, acute, or chronic rgjection T Rejection”), The povalug was

§.0427,

{0029]  Fig. 12 shows a predictiveness curve for the probability of acute kidnev rejection in
kidney transplant patients as a function of a KIT score, which is generated using measurements

of ofDNA and creatinune from urine. Uring samples from 41 patients having received kidney
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transplants were collected as disclosed herain. Measwrements of ofDNA and creatinine in urine

were obtaned from each patient.

{00301 Fig. 13 shows using a KIT score to assess kidney mjury based on a dataset of 490

clintcal samples with multiple causes of kidney njury.

{B031]  Figs. 14A-E show using generalized lingar model and associated ROC curves to predict
probability of kidney tngury as well as vartous diseases that are associated with kidney inpary,
namely, type 1 diabetes mellitus, inmunune response, kidney stones, transplant rejection, and

hypertension.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0032]  The terms "2 “an” or “the” as used herein not only 1clade aspects with one member,
hut also include aspects with more than one member, For mstance, the stogudar Torms “a." “an,”
andd “the™ wclude plural referents unless the contest clearly dictates otherwise.  Thus, for
example, reference o “a cell”™ meludes a plurality of such cells and refevence to “the agent”

includes reference to one or more agents known 1o those skilled m the art, and so forth.

R e

{0033]  The terms “sabject”, “patient” or “individeal” are used heremn interchangeably to refer
to @ human or anireal.  For example, the animal subject moay be a mammal, a primate {e.g., a
monkey), a livestock animal {e.g., a horse, a cow, a sheep, a pig. or a goat), a companion animal
{e.g., a dog, a cat), 3 laboratory test animal {e. 2., 2 mouse, a rat, § gumes Pig, 2 bird), an animal

of vetennary significance, or an anmimal of econonuc significance.

[0034] The rerm “muclete sad”, or “polvaucleotide™ mcludes deoxyuibonucleotides or
ribonucleotides and polymers thereof v either single- of double-stranded form.  Unless
specifically Hintted, the torm encompasses nuclelc acids containing known analogues of patural
nucleotides that have stmilar binding properties as the reference nuclete acid and are metabolized
i a manner sinular to natwally oCcurning nucleotides.  The term nucleic acid s used

mterchangeably with gene, ¢DNA, and mRNA encoded by a gene.

o]
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{0035 Theterm “kidoey inpury status” refirs to whether the pattent shows mjury i the
kidneyv. For purpose of this disclosure, kidney mpury can resuli from sargery, such as kidney

ramsplang, o from any kidoey disgase

[0036]  The term “kidney transplantation™ or “kidney transplant” refers to the organ fransplant
of a kidney mto a patient. The source of the donor kiduey can be from a deceased or Hiving

dorior;

037 Theterm "Al™or "Alu element’” or “Alu repeat”™ refers o a short streteh, about 300
base pairs long, of DNA ongmally characterized by the action of the drthrobacter Bdews
vesiriction endonuclease. Alu slements are the most alnmdant repetitive elements in the human
genome, They are derived from the small eytoplasmic 7SL RNAL SEQ 1D NO: 1 represents an

exemplary lnnnan Abi repeat.

J0038]  The tenm “hybwidize” refers to the annealing of ong or more probes o a target
nucleotide sequence. Hybridization conditions typieally mehade a temperature that 15 below the

melting temperature of the probes but that aveids non-specific hybridization of the probes.

{0039]  The term “hioflmd™ or “iofluidic sample” refers to a fhuidic composition that 13
obtamed ov derived from an mdividual that 15 1o be characterized andior wentified, for example
based on physical, biochenscal, chemical andfor physiclogical characteristics. Noo-linuting
examples of biofluid include blood, serum, plasma, saliva, philegm, gastric juices, semen, tears,

and sweat. In one embodiment the biofluid 1s wrine.  In another embodiment the biofluid is BAL.

{0040]  The term “post-transplantation” refers to a time after the transplantation of an organ,

.., kidpney or lung, into the patient froma donor.

[0041]  As used herem, the term “AUC” refers to “svea under the curve”™ or C-statistic, whieh is
examined within the scope of ROC {receiver-operating characteristic} curve analysis, AUC s an
indicator that gllows representation of the sensitivity and specificity of ¢ test, assay, or method
over the entive range of test {or assay) cut points with just a single value. An AUC of an assay is
determined from a diagram in wluch the senstivity of the assav on the ordinate is plotted agamst
I-specificity on the abscissa. A higher AUC indicates a ugher accuracy of the test; an AUC

value of | means that all samples have been assigned correctly {specificity and sensitivity of 1),
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an AUC value of 0% means that the samples have been assigned with guesswork probabihity

and the pavameter thus has no significance,

{00421 Using AUCs through the ROC curve analysis to gvaluate the accuracy of a diagnostic
oy progoostic test are well known in the art, for example, as described m, Pepe et al,,
"Limitations of the Odds Ratio m Gasging the Performance of a Diagnostic, Prognostic, or
Scresmng Marker," Am. 1 Epdenuiol 2004, 139 (93 882-890, and "ROC Curve Analysis: An
Example Showmg The Relationships Among Serom Lipid And Apolipoproten levels In
Identifving Subjects With Coronary Artery Disease,” Clin, Chem,, 1992, 38(8): 1425-1428, See
also, CLS Document EP24-A2: Assessment of the Diagnostic Accuracy of Laboratory Tests
Using Recetver Operating Characteristic Curves; Approved Guideline -~ Second Edition. Clinical
and Laboratory Standards Institute; 201 1 CLS! Document FLA21-A2: Clintcal Evaluation of
Immunoeassays, Approved Guideline - Second Edition. Chinteal and Laboratory Standards

{nstitute; 2008,

[0043]  As used herem, the teom “diagnose” means assigiing symptoms or phenomena to a
disease or infury. For the purpose of this invention, diagnosis means determining the presence of
organ injwry m a subject.

{0044]  As used herein, the term “predict” vefers to pradicting as to whether orgai injury is

likely to develop m a subject

I8 KIDNEY INJURY STATUS

j0045] Compositions and methads ave provided that can be used to assess kidney injury status,
1.2, the presence or absence of kidney imury iy an individual, Such an assessment is helpful for
disgnosing when an individual is i need of medical intervention, such as being given more
medication to address the medical problem or having medication decreased (including cessation)
where it is no longer medically necessary. For example, compositions and methods described
hevein can be used to determine when an individual has kudney ey doe to kiduey trangplant or

kidnev disease,

{6646] Kudney injury can develop m patients who have undergone a kiduey fransplant. This
can happen because of several inumune and non-inunune factors such as 1schemia reperfusion

injury, size dispartty, donor related factors, cell-mediated rejection, and antibody-mediated

10



WO 2018/035340 PCT/US2017/047372

rejection, by way of example. Problems afler & wransplant may include: transplant rejection
{hyperacuie, acute or chronic), infections and sepsis due to the immunosuppressant drugs that ars
required to decrease risk of rejection, post- travsplant Iymphoproliferative disorder (a form of
tymphoma due to the immune suppressants), imbalances in electrolytes wcluding caleim anid
phosphate which can lead 1o bone problems among other things, and other side effects of
medications including gastromtestinal inflammation and ulceration of the stomach and
esophagus, hirsutism {excessive hair growth in a male-pattern distribution), hair loss, obesity,

acnve, diabetes mellitus type 2, hypercholesterolemia, and osteoporosis.

{00471 Kidney wjury can also develop in patients having kidney disease. Kidnev diseases are
diverse, but ndividuals with kidney disease frequently display characteristic clinical features,
Common chinical conditions wmvolving the kidiey include but ave not Hinuted to the nephritic and
nephrotic syndromes, renal cysts, soute kidney injury, clwenic kidney disease, digbetes-indnced
pephropathy, urinary tract infection, nephyobithiasis, and urinary tract obstruction, glomerular
nephritis {GN}, focal segmental glomerular sclerosis (FSGS)L A nephropathy (1gAN),
mesangiocapitiary, topus and menbranous ete, hypertensive nephropathy, and drug induced
nephropathy. Kidney diseases can also mclude the various cancers of the kidney which exist. For
example such cancers include, but are pot hmuted to, renal cell carcinoma, wothelial cell
carcinoma of the renal pelvis, squamous cell carcinoma, juxtaglomerular cell tumor {reninoma),
angromyolipoma, renal oncocytoma, bellint duet carcinoma, clear-cell sarcoma of the kidney,
mesoblastic nephroma, Wilms' tumor, mixed epsthelial stromal twnors, clear cell
adenocarcinoma, transitional cell carcinoma, wverted papilioma, renal lymphoma, terstoms,
carcinosarcoma, and carcinoid tumor of the renal pelvis. Kidney disease can aleo be virally
mduced and mchade, but ave not lumted to BKY nephropathy and nephiropathy induced by BBV
and CMV. Kidoey disease can also be drug-induced as some medications are nephrotoxic {they
have an elevated risk for harmmng the kudneys). In the worst case, the drug causes kiduey falure,
while 1 other cases, the kidneys are damaged, but do not fail. Common nephrotoxic drugs
mclode, but are not Himted to, nonsterowdal ant-mBammatory drogs (INSATDs), some antibotics,

some pamnkitlers, and radiocontrast dyes used for some naging procedures.

it
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{0048] o some embodiments, a urine sample 15 from an individual having a kiduey transplant,
ov one of the above-listed kidney disorders or kidney transplant clinical conditions described

above 1s assaved as described herain.

2 LUNGINJURY STATUS

{0049]  Compositions and methods are provided herein that ean be used to assess lung mpwry
status, L.e., the presence or absence of hung mijury n an individual. Such an assessment 15 helpful
for diagnosing when an individual 13 1 need of medical misrvention, such as being given more
medication to address the medical problem or having medication decreased {inchuding cessation)
where # is no longer medically necessary. For example, the compositions and methods described

hereimn can be used to determine when an mdividual has lung injury due to long transplant.

{050]  Lung myuary can develop m patients who have undergone 2 lung transplant. This can
happen because of several immmune and non-tnumume factors such as ischemia reperfusion injury,
size disparity, donor-related factors, cell-mediated rejection, and antibody-mediated rejection, by
way of example. Problems afier lung transplatation may include hyperacute rejection, scute
rejection, several types of chronie rejection or chrome lung allografl dysfunction ({CLAD) such
as restrictive allografl syndrome (RAS) or bronchiclitis obliterans syndrome (BOS), infections,

and sepsis due to the immunosuppressant drugs that are required to decrease risk of rejection.

{0051] In some embodiments, a bioflud sample, e.g., a bronchoalveolar lavage (BAL) fhad
savaple, 1s from an mdividual baving a lung transplant, or lung transplant chnical conditons
described shove is assaved ss described herein. Thus, in some embodiments, provided herein is
a method of detecting Alo copy number m cell-free DNA {cfDNA) in a biofliad sample from an
inghividual baving a lung ransplant or lung transplant clinteal conditions. The method comprises
obtatning & brofluid sample, e.g., 8 bronchoalveolar lavage (BAL) fluid sample, from a human;
extracting ofDNA from the biofluidic sample; forming a reaction mixture by contacting the
cfDNA with a nucleie acid probe under conditions to allow the probe to hybndize o DNA ui the
ofDINA that is complementary to the probe, wherem the nucleic acid probe has a nucleic acid
sequence having a 3" and § end, whereiir the nucleie pord probe is complementary to contiguous
20292 nucleotides of SEQ ID NO:1 and wherem the 37 or 3" end 15 covalently linked detectable
label, and quantifving the amount of DNA hybridized to the probe, thereby detecting Alu copy

number in cell-free TINA {¢fDNA)Y in the biofluidic sample
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{00521 The amountof DNA hyvbinidized to the probe may be normalized against the total
biofluid sample volame o produce a normalized amount of hybridized DNA. In some cases, the
pormahized amount of hybridized DNA is compared 10 a cutoff value indicative of hung status,
In some cases, the method further comprises deternuning the patient has lung mpury if the
detected amount of target DNA (g2, cfONA) hybridized to the probe or the normalized amount

of target DNA {e.g., cfDNA) s greater than the cutoff value.

3. THE PRESERVATION COURTAIL

[0033]  In some gspects, a praservative cocktail of reagents that can stabilize biofluid cell-free

DNA (efDNAT s provided. 1 some embodiments, the preservative cocktat 13 a solution
comprising 8 formaldebyde donor and a chelator, such 8s a caloium chelating agent. Noun-
himiting examples of formaldebyde donor include diazolidiny] wea and mudazolidinyl urea.
Non-limiting examples of chelators include EDTA and EGTA. In some embodiments, the
sofution further comprises one or both of PEG, awrmmicarbosylic acid. In some embodiments,
the solution further comprises sodivm azide, and a buffer. Non-limiting examples of buffers
mclode PBS, TAPS, Bicine, Trg, Tricme, HEPES, TES, MOPS, PIPES, Cacodylate, and MES,
In some embodiments, the solution comprises the respective components at § concentration that
can preserve the biofluid {e.g., unine} by preventing degradation of ofDNA by nucleases, andfor
by inhibitmg cell fysis, In addition to stabilizing ofDNA, the solution can also prevent genonue
DNA contamination through stabilization of cells present in the biofluid. Various molecular
weaght of PEG and vartous forms of EDTA can be used m this cocktail to provide the destred
properties above, In one embadiment, the PEG used in the cocktail 1s PEG 35,000, In one
ernbodiment, EDTA s Na2EDTAL Inone embodiment, EDTA s K2EDTA. Inone embodiment,
EDTA s KIEDTA.

{0084]  Typically, the cockiail is prepared as a concentrated stock solution, e g, a 100x, 20x,
10%, Sx, or Ix concentrated stock solution, and 13 roirved and diluted with biofluid 1o be assaved,
e.¢., & urine sample, to a final workoig concentration. For example, for a 10x concentration of
the cocktail, which will be dituted 10 times after monving with uring, the concentration of
digzolidmmvivreacan be 0.1 gL 0 30 gl eg,, 05 gl o 30 gL, T gL 1020 /L, S gL 10 20

e, S eflto 15 oL, or S g/l to 10 o/L; the concentration of PEG 35,0000 can be 0.2 g/l 0 50

ol eg,05gL w0401, 1 gL 1030 /L, 20 gL, or 15 /L to 25 ¢/L; the concentration of
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gurintricarboxyhc acid can be 0.1l mM to W mM, eg., 82 mMio 10 mM, 0.5 mM to S M, 0.3
M to 2 mM, or L oM o 2 mM. The concentration of EDTA canbe | mM to 160 mM, ep 2
miito 50w, 5 mM o 40.mM, S mM 1o 20 md, or 18 mM 16 20 mM. The 10x concantvated
stock solution may also comprise sodium azide at a concentrasion of T md to 100 mM, 2 mM to
SO mb, 5 mM to 20 mM, or 10 mM to 15 mM. The cocktall can comprise a buffer, such ax

phosphiate buffer saling (PBS). for example 10x PBS 1 2 10x concentrated stock solution

{0055]  In some cases, the cocktail is provided in a powder or solid table format and 15
seconstiited to sotubion by addmg water or agueous buffer, or the biofluid itself.

{0056] 1o certain embodiments, the cockiml comprises about 101 Diazolidingd Usea, aboat
202/L PolyEthelyens Glycocol, about ImM Aurmtricarboxyhic acid, about 10 mM K2EDTA,

about 10mM Sodivmn Awide, and/or about 1X Phosphate Butlered Saline, pH7 4.

4. THE NUCLEIC ACID PROBE

{B057]  The Aly gene has been extensively studied for amphification of vanous regions for
assessing the quantity of ¢fDNA in patients with cancer {Biol Proced Online (2013Y, Patk et al,
Oneol Lett (2012)). In one aspect, the present mvention provides a method of assessing the
quantity of ¢fDINA in biofluids by using a labeled nucleic acid probe to hybridize o the Alu

repeats in ofDNA.

{0038]  In some embodiments | the nucleie acid probe comprises a nucleotide sequence that
comprises, or is fully complementary to, at least 20-300, e.g., 20-292, 20-180, 50-150, 70-100,
80-20 contigious nucleotides of SEQ 1D NO: s
S’GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGG
GCGGATCACCTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAACATGGTGAAACCCC
GTCTCTACTAAAAATACAAAAATTAGCCGGGCGTGGTGGCGCGCGCCTGTAATCCCA
GCTACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCGGGAGGCGGAGGTTGCA
GTGAGCCGAGATCGCGCCACTGCACTCCAGCCTGGGCGACAGAGCGAGACTCCGTC
TCAAAAAAAA-3.

[6659] In some embodiments, the probe comprises a nucleotide sequence that comprises, of 18
fully complementary to, at least 20, 30, 40, 530, 60, 70, 80, or 81 contignouns nucleotides of SEQ
D NO: 2:

i4
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GCCTGTAATCCCAGCTACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCGGGA
GGCGGAGGTTGCAGTGAGCCGAGAT.

{p0et] A nucleotide referred to hereiny in the context of the nuclete acid probe can be a natural
nucleotide, e g, cytosing, guanine, thymine, adenosine, ov a modified nucleotide. A modified
nucleotide refers to an alteration in which at least one nucleotide of the oligonucleotide sequence
15 replaced by a different nucleotide that provides a desired property {e.g., ability to base par
with a complementary nucleotide in a target nucleic acid) to the cligonucleotide. Non-limating
exainples of moditied nuclentide melude locked nucleic actds {LNA), peptide nucleic acids

{PNA), morpholines, and those described 1 US Pat. Pub, No, 20160177377,

{8061}  In some embodunents, the nucleotide sequence of the probe is conjugated toa
detectable label. The detectable label can be conjugated onto any nucleotide of the probe so lony
as it does not ihibit hybridization of the probe 1o the target, Lo, the Alurepeats i the ofDNA.
in some embodiments, the 57 and of the nucleotide sequence 13 compugated 1o one o more {e.g.,
two or more) detectable Tabel. In some sinbodiments, the detectable label #self is conjugated to
the signal-producing agent. In some embodiments, the detectable label 15 a molecule that can
bind a binding partber and the binding partner is linked to 8 signal producing agent. For
example, i some embodiments, the detectable label i3 biotin and the binding parteer s
strepravidin or vice versa. In some embodiments the deteciable label 1s digoxigenin and s
biading partoer s ant-digoxigenin or vice versa, In some embodumnents, the detectable label 15 2,
4-dinitrophenol {DNP} and the binding pavtner 1s anti-DNP or vice versa. Other labels known to
one skilled 1 the artcan also be used wn the nucleic acid probe disclosed herein. The signal-
productng agent can be any agent that produces quantifiable signal, including but not linuted 10,
chemiluminescence, color, or fluorescence. Non-limiting examples of signal-producing agenis
melude an enzyme, a Huorescent molecule, or the ltke. Other non-linyting examples of
detectable Iabels and signal-producing agents can be found 1n US20130209990, hereby
meorpovated by teference. In one preferred embodiment, the signal-producing agent is

horseradish peroxidase (HRP)

{0062}  In some cases, the 3" end of the nuclentide sequence of the probe is conjugated to one
ormore detectable labell In some cases, both the §7 and 37 ends of the wucleotide sequence are

conjugated 1o one or more detectable labell The number of detectable labels conjugated to the

s
A
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probe can vary, for example, the number can be at least ong, twe, theee, four, five, six, sevan, ten,
fifteen, eighteen, or more. In geveral, a higher number of detectable labels will produce a higher
signal in the assay {Division gt al., Nucleie Acids Res. {1988) 160 4077-4093). One of ordinary
skall can readily determume the numbser of detectable labels to be used based on the amount of

signal requived o detect the target, e.g., the Alu repeats, in the cell-free DNA from biothud.

[8063]  In one embodiment, the 8 or the 37 end of the nuclete acid sequence of the probe is
conjugated to one biotin. In one embodiment the total number of biotin conjugated to the nucleic
acid sequence 1s 1, or 18, or any number in between. The one or more biotin can be all
conjugated at the same 57 or 37 end of the nucleic acid probg. The one or more biotin can also be
conjugated at both ends, in any combination. In some embodiments, two biotins are conjugated
to the nuclete acid sequence of the probe. In one embodiment, the two biotins are conjugated to

the 3" end of the nucleic acid sequence of the probe,

{0064]  The nucleic acid probes described heren may be produced by any suitable method
3knowit in the ary, including for example, by chemical synthesis, isolation fromn a natarally-
occurring source, recombinant production and asvimmetric PCR (McCabe, 1990 In: PCR
Protocols: A guide to methods and applications, San Diggo, Calif, Academic Press, 76-83). 1t
yay be preferred to chemically synthesize the probes 1 one of move segments and subsequently
ik the sepments. Several chenvical synthesis methods are deseribed by Navang etall (1979
Meth. Enzymol. 68:90), Brown etal. (1979 Meth. Enzymol. 68:109) and Caruthers et al. {1985
Meth. Enzyiool 134:287), which are incorporated herein by reference. Alternatively, cloning
methods may provide a convensent nucleic acid fragment which can be isolated foruse as a
promoter pruner. A double-stranded DNA probe can be first rendered single-siranded using, for
example, conventional denaturation methods prior to hybridization to the arget i ofNA 1
biofluids.

5. METHOD OF USE

{0065  In some embodiments, the methods mvolve hinking ofDNA (not previcusly amplified)
1o a solid support, hybridizing a probe specific for an Alu repest to the ¢fDNA, removing (e.g.,
washing away ) unbound probe, and then detecting the amount of specifically hybridizing probe,

P

thereby deterrmnmg the amount of cfDNA W a sample.

it
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a. Obtainmg bwoflud samples
{0066] Bioflwd samples, e.g . urive or BAL, from indviduals, .g., those suspected of having

organ mpry, can be collected i any manner recommended by a medical professional, e g, being
collected, mud-stream, in stenile containers. In some embodiments, the sample is then processed
through centrifogation to remove celhidar components, thereby producing a cell-free sample.
Optionally, the sample can be mixed with a buffer (e g, PBS or Tris) andior the above-deseribed
preservation cockial. The sample can be stored at -80 °C unul further analysis. In some
embodinents, a preservative cocktail as described above 18 added to the bioflud sample to
produce a mixture. In some embodiments, the mixture can be aliquoted for extraction of ¢fDNAL
h, Extracting cell free DNA
{0067]  Maethods for extracting cell free DNA are well known in the art and commercial kits are
readily available, for example, QlAamp® Circulating Nucleic Acids Kit from (hagen {Valencia,
Calttornia), In general, the sample can be treated to degrade cell debuis and remove DNase and
RNase to produce a lysate. DNA in the lysate can be extracted by e g, passing the lysate
througly a DNA bwding cohunn and the bound DNA can be eluted with water or butfer.
Optionally, an aliquot of the eluent can be taken to determine the concentration of the ¢fDDNA

recovergd.

{0068] The ofDNA 18 subsequently linked 1o a solid support. Solid supports canbe a
coutaimng vessel, a bead or any other solid support. In some embodiments, the cfDNA is placed
ma desired vessel, for example, mthe wells of a sucrowell plate and moubated fora period of
time that s sufficient to allow the ofDNA to bind surface of the wells, In some embodiments,
the ncubation occurs over a peniod of at least one, at least two, at least four hours long,
optronally at roont teroperature, In seane embodiments, the incubation occurs at 4 °C for at least
§ houwrs, Afier the wcabation, the vessel can be washed and blocked with a blocking solation,
¢.4., a solution comprising 5% BSA to nuninuze non-specific bindmg. The blocking solution
can comprise & buffer (e.g., PBS). The blocking solution can then be removed before adding the
nuclete acid probe for hvbridizing with the target, Le, the Al repeats.

¢.  Hybridizing a nucleic acid probe with Alu repeats
{0069] Hybridization assays of the nucleic acid probe with the Alu repeats in ¢fDNA can be

performed in any reaction vessel, including but not inuted to a muulsi~well plate, e g, a 96-well
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plate, e.g., the R6-well LUMITRAC 600 (Gremer Bio-One). The assay of detecting ofDNA using
a hybnidization assay, 1o hybridization of a probe conjugated to 8 detectable label withowt
previous amplification of the target nucleic acid 13 desivable compared to a PCR-based approach
because hybnidization assays are cost-effective and can be multiplexed to 3 hugher grade (2.g.,
384/batch). In addition, the hybridization approach allows for move complete and accurate
guantificgtion of ¢fDNA as the probe will detect all single snd double-stranded ofONA in the

biofluid, ivespective of frapment length,

[0078]  Inan exemplary hybridization assay, a pre-determined volume of ¢fDNA extracted
from the biofluids as described above 15 allowed to bind to a support, 2.2, the bottom of the
microplate wells. In some embodiments, the surface of the support is previously treated to
increass the binding affinity of the ofDONA to the surface of the reaction vessel. 1n some
embodiments, a buffer {e.g.. PBS} and salts (e.g.. MgCl:) is added to facilitate hybridization
between the probe and of2NAL The final working concentration of the salt can be 0.03M-0.3M,
g, BOSM-0.2M, or 0.1M, Optionally, a standard curve can be created using known guantities

of human DNA exiract,

[0071] Hybeodization of the cfDNA and the nucleic acid probe can be conducted under
standard hybridization conditions. Reaction conditions for hybridization of a probe to a nucleic
acid sequence vary from probe to probe, depending on factors such as probe length, the number
af G and C nucleotides in the sequence, and the composition of the buffer utthized n the
hybnidization reaction. Moderately sttingent hybridization conditions are generally understond
by those skilled i the art as conditions approximately 20° C-30° C, e.g, 25° C-40° C below the
melting temperature of a perfectly base-paired double stranded DNA. Higher specificity is
generstly achieved by emploving mcubation conditrons baving higher temperstures, w other
words more stringent conditions. Chapter 11 of the well-known laboratory nuanual of Sambrook
at al, MOLECULAR CLONING: A LABORATORY MANUAL. second edition, Cold Spring
Harbor Laboratory Press, New York ( 1990) {which is incorporated by reference herein),
desoribes hybridization conditions for ehigonucleotide probes in great detatl, meluding a
description of the factors involved and the level of stringency necessary (0 guarantes
hybridization with specificity. Hybridization is typically performed in a bulfered agqueous

solution, for which conditions such as temperatare, salt concentration, and pH are selected to

18
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provide sufficient stringency such that the probes hybnidize specifically to thetr respective target

nuclerc acid sequences but not any other sequence.

{00721 Geoerally, the efficiency of hybridization between the nucleic acid probe and targes,
e, the Akt repeats m ofDNA, improves under conditions where the amount of probe added is in
molar excess to the template. n some embodiments, the nucleic acid probe of the mvention is
diluted m 3% BSA at a concentration of between 10 ag/ul- 200 ng/ul, e.u.. 20 ng/ud- 100 ngiud,
30 ngdpd- 73 ngfpl, 30 ngful- 50 ngfud. In a particular embodment, nuclete acid probe 1s the
double-biotinviated and is used at the concentration of 30-40 ngful. The nucletc acid probe and
the ¢fDNA w the plate can be incubated 1o allow the hybridization of the probe and the Alu
repeats in the ofDNA. The wells of the plate can then be washed {e.g., with PBS or another
buffer) and optionally dried before detection.

d. Detecting stgnal
[0073]  Methods of detecting signal produced by detectable labels are well-known in the art
and the methods vary depend on the nature of the chemical reaction emploved o produce the
signal. As described above, in some embodiments, the detectable label itself 1s g signal
producing agent that produce a signal, which can be read directly using appropriate equipment,
for example, a plate reader. In some embodiments, the detectable Iabel produces signal
mdivectly, a solution comprising a binding partner of the label that 1s conjugated to a sipnal
producing agent s added to the plate to produce the signal. The signal producing agent include,
for example, eneyme or enzyme substrates, reactive proups, chromopbores such as dyes or
colored particles, huninescent moteties wcluding a biolurminescent, phosphorescent or
chemiluminescent moieties, and fluorescent moieties. In one embodiment, the detectable label is
biotin and the binding partner s sireptavidin and the signal producing agent s horse midish
peroxidase (HRP). In this particular embodiment, the signal is a chennitonsinescent signal, which
can be readily detected and guantified by methods well known i the ant.

e Dietecting creatinine levels
{6074] The quanttfication of cIINA disclosed herein can be combined with measwrement of 8
urine protem. Inone specific embodiment the unine protem 18 creatimine. Creatinine can be
measured usimg the Jaffe reaction, an absorbance based method. Commercial assays for
measurmg ereatimpe are veadily available, such as the QuantChrom™ Creatinine Assay Kit

(BroAssay Systems), which produces an output in mg of creatinine / deciliter of urine. See, eig,

i¢
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www . bioassaysys.comy/Datasheet/DICT pdf. In some embodunents, urine creatming
measurements are taken before or after extracting and quantifving cfONA i the urine sample.
In some embodiments, uring creatinine measurements and ofDNA guantification are performed
1 the same microwell plate (but different wells), by e g, placing wring samples for measuring
creatining in the same microplate as the ¢fDNAS extracted from these urine samples. Measuring
the creatinune and of DMA i the same plate/assay saves tine and cost as compared ©
conventional PCR methods, which requires one assay to read the amount of amplification
product of the ¢fDNA and one assay to read creatinine level.

f. Detecting additional markers.
{00751 Additional known narkers can be measured to further improve the sensttiviry andf/or
specificity of detection of organ injury. In scine embodiments, the additional markers comprise one
or mote tissue inflammatory markers, ep, CXCLIO. e g, mflammation in the kidnev, 1n some
grabodiments, CXCLIO is detected and quantified. Methods for measuning CXCLI0 1s well
koown, for example, using a sandwich ELISA approach, where a capture antibody adsorbs ouato
the plate first and then sample 1s added to allow the CXCL10 in the sanple to be captured.
Afterwards, a detection antibody is added that will bind the captured CXCLI0. This can be
detected using the usual secondary antibody -~ HRP comjugation approaches well known i the
hterature. A standard curve would be generated with standard concentsations of purified
CXCL 10 protein. Conumercial kits ave readily available for measurmg CXCLIQ, for example,
Homan CXCLEVIP-10 Quastikime ELISA Kit rom R & D systems. Urine CXCLI0 can be
measured before or after the ¢fDNA megsurement. Urine CXCLIO0 can also be misasurad in the
savae microwel] plate as ciDNA| by e g, coating CXCL10 capture anttbody 1o designated welly
in the microplate first and placing arine samples for measoring CXCLIO mn these designated

wells,

{0076} In addition, differential methylation status of the ¢fDNA i unine adds additional
significance for kidney injury and markers correlated with methylation status can be measured
and added to the assay desenibed above for detecting kiduey nyury. Thus, v some embodiments,
the additional markers comprise one or more BNA methylation markers. In ove particudar
embodiment, the DNA methylation narker s S~emthylovtosne that s incorporated mio the

nucleic acid in the sample.
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{00771 DNA methyvlation markers can be detected and quantified using an ELISA-based
approach, Commergial kits that are used to measure the DNA methylation markers are readily
avaviable, for example, the MethyviFlash Unine 5-Methvloviosine (3-m() Quantification Kit from
EpiGentek that 13 used to measure the amount of S-methylevtosine moorporated in the DNAL
Brieflv, a plate that has methyvlated DNA is incubated with the sample and an antibody that
recognize the methylation marker. This solution 1s allowed to wneubate and 15 then washed and

further detected with a detection anttbody andfor substrate.

[0078] In some embodiments, the additional markers comprise total protein in the biofluid
sample. The amount of total protein can be measured using any methods known in the art that
can be used to measure the protein. In one embodiment, the sssay to measure total protein isa

colonimetric assay, &.g., the Bradford protein assay.

{0079  In some embodiments, the additional markers comprise clusterin, Clusterin is a protein
that 13 associated with the clearance of cellular debris and apoptosis. The presence of clusterin
can also be detected and measured using s ELISA-based gssay. such as the Human Clasterin
DuoSet ELISA. Like other sandwich ELISAs, a plate with capture antibody against Clusterin
bound to 1t 1s incubated with urine samples, optionally diluted 1n sample diluent. A detection
antibody also aganst Clusterin 1§ then meubated with the plate, and an HRP-detection system 18

used to misasure absorhance.

18 Optional reagents and devices .

&

{0080]  The methods may be used m a variety of assay devices andfor format. The assay
devices may include, .., assay plates, cartridges, multi-well assay plates, reaction vessels, test
tubes, cuventes, flow cells, assay chips, lateral flow devices, et having assay reagents {which
may include mrgeting agents or other binding reagents) added as the assay progresses or pre-
toaded in the wells, chambers, or assay regions of the gssay module. These devices may employ
a vanety of assay formats for specific binding assays, e.g., immunoassay or
mnmunochromatographic assays. Hlustrative assay devices, e g, nucrowell plates and formats,

96-well plate format, are described herein below,

[6081] In certain embodiments, the methods can enploy assay reagents that ave stored n a dvy
state and the assay deviceskits may further comprise or be supplied with desicoant materials for

maintaining the assay reagents in a dry state. The assay devices preloaded with the assay
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reagents can greatly nmprove the speed and reduce the complexity of assay measurements while
mamtammg excellent stabily dorimg storage. The assay reagents may also nelude substances
that are not duectly mvolved i the mechanism of detection but play an auxiliary role in ap assay
meiuding, but not Iinuted to, blocking agents, stabilizing agents, deterpents, salts, pH buffers,
preservatives, etc. Reagents may be present i fres form or supported on solid phases meluding
the surfaces of conpartments {e.g., chambers, channels, flow cells, wells, ete.) i the assay

modules or the surfaces of colloids, beads, or other particulate suppotts.

[0082]  In some smbodiments, the methods descoribed above can be performed in g lateral How
assay ("LEA™). LFA depends on the capillary action ot a fluid sample drawn across & pad that
contains capture reagents to the antigen of intevest. In some embodiments, the biofluid sample is
mixed upon application to a device, 5.2, a dipstick or a test strip, with reagents that are gither
puritied gntigen of interest bound to a visible marker {e.p. collowdal pold) in a competitive format
or an antibody that is bound {0 a visible marker and recognize an antigsn of wtersst in the
biofluid sample in 8 non-competitive format. The antigen of tnterest can be any molecule i the
brofluid sarple, for example, any of the markers disclosed in this application, such as creptinine,
SfDNA, methyiation markers, CXCL19, anddor clusterin. In some embodiments, a competitive
formatof LEA s used to moeasure the creatinine anddor wnthvlation markers. I some
embodunents, g non-competitive format LFA 15 used to measure ¢fDNA, CXCL1Y, andfor

clusterin

6, DETERMINATION OF ORGAN INJURY STATUS

& Determining organ health based on the amount of ¢fDNA
{0083]  In some embodunents, the determination organ heatth of an indierdual comprises

comparing the amount of ¢fDNA in the biofluwd sample to 8 cutoff value or predictive
probability estimate mdicative of organ tnpury status. The cutofY vahse can be g pre-determmed
value or predictive probability estimiate, g, a value recommended by medical professionals.
Depending on circumstances, it may be necessary m some cases 1o establish a cutoff value for
the determination. To establish such a cutoff value for practicing methods disclosed herean, a
group of healthy indrviduals, sach as a group of ndividuals who do not have orgas inpury after a
organ teansplantation is selected. These individuals ave withun the appropriate parameters, 1if

applicable, for the purpose of deternuning organ mjury status using the methods of the present
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myention. For instance, the individuals may be of sunilar age, gender, and comparable health

staius,
{B084] 1o some embodiments, to assess kiduey wyury, the detected amount of ¢fDNA, Le., the

amount of DNA hybridized to the nucleic acid probe, i urine is first sormalized to the amount
of urme creatinine to produce a notmalized amount of ¢fDNAL In some cases, the pormalized
amount of cfDNA 18 a ratio of the datected amount of cfNA to the amount of creatinine n
urine. To deternune the kidney injury status, the pormalized amownt of cfDONA 15 compared 1o a
cutoff value, which is also a relative ratio of the ofDNA amount to the creatinine amount in
urine, as deternuned to be mndicative of kidney mjury status by medical professionals or

established as described ghove.

{0085]  If the amount of ¢fDNA or the normalized amount of ofDNA in unine is higher than its.
respective cutoff value, the patient 1s determined fo have kadney injury; in general, a hugher value
mdicates a higher degree of kidney mpry. In some cases, if the amount of ¢fDNA or normahized
amount of ¢fDNA is higher than but near the cutoff value, the patient is determined © have
subclhinical myury. I the amount of ¢fDNA or the normalized amount of fDNA 1 urine 15 equal
o or lowwer than is respective cutoff value, the patient is determined fo have no kidney mjury,
1.e., pood kidney health. For pabients who have recerved kiduney transplants, detection of Kidoey
mjury from urine ndicates they are hikely 1o have acute rejection episodes. For patients who are
suspetted of having certain kidoey diseage, in sone embodments, detection of kiduey tyury

mdicates the patients ave hikely to have the kidney disegse.

{0086]  In contrast to conventional methods of detecting ¢fDNA in the blood, which would be
contaminated with ¢fDNA mostly from the recipient of the kiduey transplant, ¢fDNA detected in
the urme specibically reflects donor-denived DNA, even when testing for total ofDNA. Figure 6
shows the correlation between chromosome Y and chromosome 1 popy number in the urine, The
strong linear correlation (R = 0.9253) indicates quantification of total ¢fDNA reflects the donor-
derived burden and correctly reflects the kidney tnjury status due to the Kidney transplantation.

< Determining organ myury status for organ transplantation patients using a IT scove
[6087] In certain embodients, a predictive score, e 1T score, is used to diagnose whether o

patient who has received gn organ transplant may have orpgan injury, or to predict the likelihood a
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patient will develop organ myury i the future. Organ myury developed after organ transplant is

tvpically associated with acute rejection episodes to the transplanted organ.

{0088]  The IT score can be a composite value that can be calculated hased on the amount of
cfDNA in a biofluid sample from the organ and 8 factor (" normalizing factor™) that can be used
to normalize the amount of cfDNA m the biofhud sample. b one embodiment, the amount of
craatinine 15 used to normahize the ofDNA wrme. In another smbodimenyt, the sample volume
of the BAL is used to normalizs the ofDNA in BAL from lung. The IT score may also include
the time point, i.e., days post-transplantation, when the biofluid sample is tsken. The tinte pose-
transplant can be a confounder of organ myury because patients often experience injurigs that arg
not necessanily due to the rejection to the transplanted organ, for example, the ongoing
nephrotoxic mjury 9 the transplanted organ from ischenua reperfusion and nephrotoxic damage
due to infections and calcineurin inhibitor drug exposure. These injuries are not mdicative of
acute rejection and the extent of such mjuries may vary at different tie pomss post
transplantation, Thus, the I'T score, taking the fime includes time point post transplantation, can

accurately predict whether the patient has acute rejection episodes to the wansplanted organ,

[B089]  In some embediments, measurements of ¢fDNA 1 the biofluid sample may be
combined with other bromarkers i the bioflusd sample 1o form the IT score that can beased to
diggnose andfor predict organ igury.  In some embodiments, multivaniate methads can be used
to incorporate these other biomarkerg, e.g., t0 CXCL 10 and DNA methylanon markers, to
calculate the IT score. In some embodiments, ofDNA concentrstions sre normalized relative to
the amount of creathune in the sample by taking the ratic of ofDNA to creatinine or scaling the
fogarithnue measurenients of cfDNA and creatinine proportionately (e through regression
analysis). In some embodiments, ofDINA concentrations ave normalized relative to the ssuple
volume of BAL by taking the ratio of ¢fINA {0 the volume or scaling the logarithmic
measurements of ¢HDNA and volume proportionately {eig. through regression analysis). In some
cases, the generated vahies are regressed using generabized linear models meorporating a
gquasibinomial distribution and a logistic link fonction. In some cases, the resulting model
probability estimates for acute rejection are rescaled from 0 - 100 to form the 1T score and used

to generate predictiveness carve, Figure 12 shows an ilhstrative embodiment, which displays
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the probability of acute kidney rejection m kidney transplant patients as a function of the

resolting 8 IT score for assessing kidney inpury KT,

{8090 In some embodiments, an 1T score, e.8., a KIT score, can be used to predict or disgnose
organ mpry with high specificity and sensitivity. In some embodiments, the IT score s
generated by mcluding the amount of ¢fINA, the amount of DNA methylation markers, andfor
mflammation marksrs present i the nofluid sample from the organ that is suspected of having
mjury or being likely to develop injury in the future. In some embodiments, the IT scoreis a
KIT score for assessing kidney tigury. In some smbodiments, the KIT score is generated by
further mchuding the amount of creatinine gnd/or the amount of a kidney tubular injury marker
{e.g., clusterin). I some embodiments, the IT score produced by ncluding multiple markers as
described above can detect organ injury with a sensitivity of af least 85%, at least 87%, at least
88%, ar least 90%, gt least 91%,; at least92%, at least 3%, at least 949, at least 95%, andfor s
specificity of at least at least 85%, at least 87%, at least 88%, at least 90%, at least 1%, at lsast

9295, at least 93%, at least 94%, at least 95%. In some smbodiments, using the KIT score
described above can detect kidney ijory with ¢ AUC of at least 85%, at least 87%, at least §8%,
at least 90%, at least 21%, at legst 82%, ar least 93%, at least 94%, at least 95%, at legst 96 9%,
ov at least 99.4%. Figure 13 provides an illustrative embodivoent, which displays a IT score for
assessing kidney injury ("KIT”) based on a dataset of 490 clincal patient samples with multiple
causes of kidney iyury. The resulting KIT score 1s based on a subset of 299 chnical patient
samples that had complete measwrements of ofDNA | crestine, CXCL10, Closterin, Protesn, and
DNA methylaton markers; 111 type I diabetes mellitus, 71 inumune, 50 kidney stones, 20
travsplant rejections, 19 hypertension and 28 contrels.  The resulting KIT score has over 91%

senstiivity and specificity for detection of fadney mpry (AU = 96.9%).

{0091]  In some erabodiments, mathematical models/algorithms are vsed to develop the IT
seores using the gmownt of ofDNA and one or more markers a8 described above. Such models
may mclude generalized linear models, such as logistic regression; and nonlmear regression
wodels, such as newral networks, generalized additive models, stnularsty least squares, and
recursive partitioning methods. I some embodiments, the mathematieal models/algorithms that
are used 10 generate the 1T score gre executed by one or move computer processors. Preferably,

the mathematical models used to develop the IT scores are based on a database comprising



WO 2018/035340 PCT/US2017/047372

sufficient samiple size. In some smbodiments, the database comprises at least 30, at least 60, at
least 70, at least 100, af least 200, at least 300, or ai least 400 samples. Figures 1da -~ 14e
provide an lusivative embodiment of using generalized linear model fite and associated ROC
curves 1o provide the probability of kidney mjury, as well as the probability of kidney ingury due
to gach disease cause; namely, type I diabetes mellitus, immune response, kidney stanss,
transplant rejection, and hypertension. In one specific embodument as shown i Figures 14A-E,
the resulting algonthm has over 92% sensttivity and specificity (AUC > 99.4%%) for detection of

each cause of kidney mjury.

{0092] In some emboduments, a cutoff value for the IT scoves can be established by measuring
markers present in biofluid samples from the same or similar types of organs from a group of
healthy ndividuals, such as a group of individuals who do not have organ injury after an organ
transplantation is selected. These individuals are within the gppropriate pargmeters, if
apphicable, for the purpose of determuning organ myury status using the methods of the present
mvention, For mstance, the mdividuals may be of sinular age, gender, and comparable health

status. The cutoff value of the 1T scores 15 then prodaced using mathematical models andior

[6693]  In some embodiments, multivaniate methods have been used to mcorporate multiple
biomarkers, e.g., to CXCL1I0 and DNA methyvlation markers, with ofDNA and cregtinine to
further refine the KIT score and the KIT score can be used to diagnose andfor predict kidney
injury that has been induced by multiple clinical conditions such as diabetes I, diabetes 11, kidney

stones, cancer, and innnune complexes such as IgA nephropathy.

[8094] A number of ways can be psed to produce the KIT score. In some exnbodiments, a
cutoff valve of the ofDNA/creatinine ratios is first determimed based on noymahized cfINA
values {e.g., normalized o creatinine levels) from urine samples from kidney transplant patients
who have not shown rejection. These urine samples can be collected at predetermined nime
pomts over a post-transplantation pertod. KIT scoves for & patient can theit be determined based
on the patient’s normahized cfDINA vahies. Such normahized values can then be compared to
cutoff values for those time points to determine whether the normalized values are predictive of
healthy or diseased kidney function. Soch companisons can be perforroed on 8 computer if

desired.
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{0095]  In some embodiments, the cutoff value s the cfDNA/Lreatinine ratios i patients whe
vecerved kidoey transplantation but who have not shown organ mjury at respective time pouds iy
a post-transplantation period. by some embodiments, a prediction band of normalized ¢fDNA
levels can be penerated and a patient’s actual normalized ofINA value can be compared to the
value in the prediction band corresponding o the same time point post-iransplantation. The
prediction band can be established 1 a variety of ways. 1n some embodiments, a number of
stable, non-rgjecting patisnts were exantned over tine and an exponential decav curve was fit to
the ofDNA/creatining values with respect fo time post-transplant. The prediction band was
subsequently generated based on g prescribed probability 10 cover the valuss of future
observations from the same group that was sampled. For example, a 95% prediction band
consists of upper limits of cfDNA/creatining ratios from 95% of stable non-rejecting patients
exanined at various time potmts post-transplamiation. The KIT score at a particular time post-
transplaniation 18 then deternuned based on the actual measurements of cfDNA/creatinine and

the prediction band value corresponding to that time point,

[609¢] Insome approaches, the ofDNA values relative to the creatinine values are processed
e other forms of mformation, e.g., by using either common mathematical transformations such
as logarithmic transforms, or statistical models, such as Jogistic or generalized linear wodels.
Other data processing approaches, such as normalization of the results 1n reference to a

population’s mean values, ete. are also well known to those skilled in the art and can be used.

{0097]  The KIT score 15 typically a numerical score on a defined scale or within a defined
range of values. The KIT score can be compared with a cutoff value of the KIT scores that is
predictive of whither the patient has acute rejection episodes. I the KIT score 15 above the
cutodl value of the KIT scores, a patent is predicted to have kidney inpury, wndicating he ov she s
tikely to have acute rejection {AR) episodes. In some cases, a higher KIT score tndicates a higher
degree of injury due to the AR episodes. For exaniple, i the case where the KIT score s the
logarithm of the patent’s cflINAfereatinine ratio divided by the cutoff value of the ratio, the

cutot valve of the KIT scove is 0.
{0098] The KIT score is highly predictive of organ injuries associated with agute rejection and

can be used to determune i the patient has acote rejection episodes. See Frgure SA. Recetver

opersting characteristic curves {ROC) analysis of showed that AUC of ROC carve for detecting

b
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acute rejection using the KIT score was 0.9649, wath a p- value of 0.0001 and a 93% confidence
mierval of 0.9346-0.9932, mdicating the method is highly sensitive and specific Figure 5B, In
contyast, the conventional kidney inpary prediction method, Lo, detecting proteipuna, had a
much lower AUC of 0.6498, with a p- value of 0.07479 and a confidence interval of 0.5032-
{.7963, The significance of difference was tested using McNemar's Paived chi-square from
resulis from the spme set of patients. The p-value was 0.021, suggesting that KIT is providing
mformation above and beyond protein and that they are significantly different with respective to
sensitivity. This comparison suggests that KIT method 1s more acute than the proteinuria method

pchc

1 determining acute rejection

MeNemar Test results

T & Profein
Fratain
wir 1 GO T
iy 34
1.4 F

Test Statisting®

FIT & Protain
iy 78
Chi-Sauare® £332
Aszymp. Sig. Ry

A, MoMantar Tegd

b, Gontinuity Comrgriad

j0099]  In some embodiments, the KIT score is generated by further including measurements of
other known kidney injury markers, in addition to the ¢TDNAcreatimng ratios, st various tHme
point post-transplantation increase assay sensitivity. These markers include but not himited to
CXCLIO and DNA methylation markers, as described above. For any biomarker of interest, a
fongitudmnal trend curve can be generated for each of these biomarkess and an exponential decay
curve 1.e. a 90% or 95% predication band, can be established in & manner similar to what s ased

to generate the prediction band for the ¢fDNA/creatinine ratios.
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{01066 Approaches sumtlar to what 15 disclosed above, Le., methods of generating 3 KIT score
and using the generated KIT score to assess kidney injury, can be used fo produce KIT scores to

assess injury of any other organ, .., mpwy developed alter an organ transplant,

[0101]  Thus, the present tvention can be used to conveniently montior organ transplant
patients for organ injuries associated with acute rejection episodes by either using the ¢fDNA
normalized amounts {e.g., normalized to creatuune levels) or the 1T scores corresponding to
designated time points over a period of time post-iransplantation. The period can be of any
tength as deemed necessary by the treating phiysician, e.g., at least 20 days, at least 50 days, at
least 100 davs, at least 150 days, at least 200 days, or at least 400 days, at least 500 dayvs, or the
Life ume of the transplanted kidney. Measuring ¢fDNA and creatinine can be performed at any
frequency as desmed necessary, 2.g., at least once vear, at least twice a vear, at least every thres
months, at least every two months, or at least every oue month, or at least every 20 days, orat
least everv 10 days. Patients who are so detenmnined to have acute rejection episode can be
treated as soon as possible, for example, by adnunistering immuposuppressant drugs. Nen-
heeng examples of immumosuppressant drugs melude caloinewnn sdabitors, such as
Tacrottmus and Cyclosporine; anti-proliferative agents, such as Mycophennlate Mofetil,
Mycophenolate Sodium and Azathioprine; mTOR inhibitors, such as Strohmus, steroids such as
Predmsone, and mduction geents such as thymoglobulin, IL2ZR blockade or belatacept. On the
other hand, if the IT score is equal to or below the cutoff value, the patient is determuned to have
no Kiduey tyury and thus no wtervention 1s needed. If a patient has a IT score near the cutoft
value, the patient is determined to have suhehinical injury. The IT scores can assist the freating
physicians to determine whether the kidoey transplamation was successful and whether and
when intervention s needed. In additton, a patient specific trend of the T scove can also be
analvzed to determine whether any clinical mtervention is needed. For example, a trend of
merease i the IT scores suggests that the patient 1s developmg acute rejection episodes and
therefore the clincal mtervention may be necessary.

€. Detecting kidney diseases
[6102]  In the cases of kudney mjwry associated with Kudney diseases, the KIT score 13 not
applicable, and the determination is based on the ¢fDNA/creatinine ratio as described above. In
some cases, the addstion of other biomarkers, ¢ g, CXCL I that can be multiplexed onto the

cfIDNA plate mayv be applicable in creating a predictive model for the detection. The methods can

AY



WO 2018/035340 PCT/US2017/047372

be used to detect kiduey diseases such as focal segmental glomerulosclerosis {FSGS), IgA
nephropathy, and sarly diabetic kidney disease, BK viral nephotis (BKVN), focal segmental
slomerulosclerosts (FSGS), glomerulopephritis {GN), acute tubular necrosis {ATN), IgA disease
andd diabgtic kidney disease. Fig 40 shows the use of cfDNA/creatinine ratio to separate
patients having BKVN from those not having the disease,

d. Cornputer and smart phone devices
[8103] In some embodiments, signals from the one or move markers described hergin, e.g.,
cfDNA, creatining, e.g., as detected frons g lateral Bow assay, are transinitted 10 & computer
device, a carhera, or a smart phong. In some embodiments, the signals are tratumtted 1o & smart

phone app for processing.

EXAMPLES

{0104]  To provide more complete coverage of the cfONA repertoire in the biofluid, a lengh of
<100 bp were selected for the nuclec acid probe targeting the Alu repeats 50 that both long and
very short fragment lengths of of2NA could be captured. In this particular assay, the probe
lenpth was 81 bp (Figure 2}, although a shorter length, such ax that commonly employed by PCR

primers of 18-22 bp should work as well,

{T85]  Reference ALU sequance {SEQ 13 NO: 1) is listed below and the 81 bp site {SEQ 1D

NO:2Y targeted for the Ala probe is highlighted m bold.

5°GGCCGGGECGCGETGGCTCACGCCTGTAATCCCAGCATCTTTGGGAGGCCGAGGCGE
GCGGATCACCTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAACATGGTGAAACCCC

GTCTCTACTAAAAATACAAAAATTAGCCGGGCGTGGTGGCGCGCGCCTGTAATCCC
AGCTACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCGGGAGGCGGAGG

TTGCAGTGAGCCGAGATCGCGCCACTGCACTCCAGCCTGGGCGACAGAGCGAGAC
TCCGTCTCAAAAAAAA-3

{0106] Biotin was selected due to wide availability of reagents that are compatible. However,
any nuraber of amplification schemes, such as digioagenin-anti-digoxigenin antibodies or even

direct HRP conjugation would work,

‘a2
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{01671 Dual biotinylated-oligonuckeotide complemantary to the Alu element was designed and

synthesized (32-Bromn/GECTGTAATCCCAGCTACTUGGLAGGCTGA
GGCAGGAGAATCGCTTGAACCCGOGAGGLOGGAGOTTGCAGTGAGCCGAGAT)

This was used to quantfy ¢fDNA qsing g chemthaniniscence based detection systent using
streptavidin-HRP and chemiluminescent subsivate (SuperSignal™ ELISA Femio Subsirate)

solutions {Figure 3}

{108]  Chenuluminescence was chosen because i is the most senstitve method available ina
nucrowell for HRP detection {Figure 4), although colorimetric and fluorometric methods will
work. Colorimetric methods have also proved satisfactory. However, colorimetric methods also
take longer to incubate and produce resulis.

ESAMPLE 2. TESTING THE EFFECTIVENESS OF THE DNA STABILIZATION
SOLUTION

{8109]  Inorder to text the effectivensss of DNA stabilization solution in wine containing

somcated genomic DNA | we purified genomic DNA from whole blood using (HaAMP DNA
Blood Mim Kit ({8agen}, and somicated 1t for 10 min using a Meodel 550 probe Somic

X

Dismembrator {ThermoFisher Scientific) on intensity setting 3. Oveles were set at 10 seconds on
and 20 seconds off. Samples were run on 1% gel electrophoresis fo establish fragment sizes
approx. 150 to 230 base pairs obtamed. With sonication, wa achieved DNA fragments of
approxamately 150 1o 250 hase pairs m size, a range that best represents ofDNA in transplant
vejection {Figure 1}, Next, we formulated a preservation solution contaming 10w/l Diazolidingl
Urega, 20¢/L polyethalyens plveol, 1mM aurintrivarboxyhiv acid, 10 mM KZEDTA, 10mM
sodium azide, and 1X phosphate butfered saline, pH7.4. An experiment was designed o test the
effectiveness of DNA preservation solution in preserving the integrity of DNA. Fragmented
genonic DNA (approx. size- 150 to 250 base pairs) was added to 1000 uL tubes contaming urine
with and without preservation solution. The expertment was run in paraliel at 420 and at voom
teraperature. Figure 1 shows electropherograms that demonstrate how n the absence of DNA
preservative solution the DNA degrades and disintegrates conpletely over a period of 72 hours,

whereas DNA preservation solution helps mamtam DNA mtegrity up to 72 hows.

=
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ESAMPLE 3 DETERMINE THE ACUTE REJECTION STATUS FOR KIDNEY
TRANSPLANT PATIENTS

. Sample collection
{0116]  Unine samples from three patients {patient #1-83) having received kKudney transplant

were collected, mid-stream, in sterile containers at different time points during the period post
transplantation, The wine samples from patient #1 were taken at day 1, 16, 22, 51, andd 180;
uring samples from patient #2 were taken at day 23, day 41, and day 103; and unine samples from
patient #3 were taken at day 100, day 132, day 185, and day 337, Ata listed tume point, in
addition to collgction of urine, a biopsy i1x taken to confirm the acute rgjection, For example, the
fisted tune point for patient #1 in this study s day 22, The urine sswople was aliquoted into 2 mL
for extraction with the QlaAmp® Circulating Nueleie Acids Kit {Quagen) following the

mantfacturer’s instructions with an elution volwme of 20 w1l in H.O.

{0111} Using a white, opague ELISA plate such as the 96-well LUMITRAC 600 (Greiner Bio-~
Cmey, 5 mueroliters of the eluted ofDNA were plated onto the plate, etther in singlicate, duplicate,
or triphicate as needed. To these sample wells, 10 mycroliters of a SX PBS and (.3 M MaChL
buffer were added and then 35 microliters of molecular grade HyO was added for a total of 50
microltters per well. To create a standard curve, known gquantities of human DN A extract were
added m doplicate m g titration series of 1.3 from 200,000 to ~12 GE/mL, where a GE {genomic
equivalent) 1s defined as 6.6 pp of human DNA. This was also in the same buffer, a final

working concentration of 1X PBS and 0.1 M MgCl,.

[0112] The ofDNA plate was incubated overnight gt 4C or for a vuntmum of 2 hours gt RT
shaking at 300 RPM. The hguid was then discarded and the plate was dived via pating against
ahsorbent paper towels. The plate was then blocked i1 $% BSA in PBS with 300 nucroliters per
well, for a minnmoem of 1 howr at RT shabving at 300 RPM. The lipad was then discarded and the
plate was dried via patting agamst absorbent paper towels. The plate was then incubated n 5
microliters of our double-biotinyvlated Ale oligonucleotide probe diluted in the % BSA ata
concentration of 3556 ng/microliers. This was allowed to incubate for a numimum of 1 how at
RT shaking at 300 RPM. The hiqud ifthen discarded and then the wells were washed with 300
microliters of 1X PBS three times. The wash was then discarded and the plate was dried via
patting agamnst absorbent paper towels. The plate was then incubated in 50 mucroliters of

streptavidin-HRP diluted 1:200 per manudacturer’s instructions in 5% BSA and allowsed o

Ll
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moubate for no more than 1 hour at RT shaking at 300 RPM. The hiquid 1s then discarded and
then the wells were washed with 300 microliters of 1X PBS three tunes. The wash was then
discarded and the plate waxs dued very thoroughly via patting agatust absorbent paper towels.
130 wl of SuperSignal ELISA Femto chemtluminescent substrate solution { ThermoFisher) was
then added to gach well. The plate was analyzed upon 1 minute of mixing based on total

lanunescence.

{0113} The generated values were then regressed using a S-parameter sigmoid curve fit, such
as that proyided i GraphPad Prisn and the resultant cell-free concentration values were
corrected fur the dilution done in the microwell as well as the concentration done from 2 mL of

uring 0 20 pl of eluate,

{0114]  Creatinme was measursd using the QuantiChrom Creatinine Assay Kit (BioAssay
Systems) according to manufacturer’s instructions, see

hitpx www bioassaysys.comy/Datasheet/DIHCT pdf.
b, Determining the cutoff value of cfDNA/creatinine ratio

18] Prorto the study involving patients #1-83, cotoff values of (IDNA/creatmine ratios
were established based on data from nine (9) patients, who received kidney transplant and did
not have kidoey injury as confirmed by biopsy. ofDNA and creatinme amounts from uring
samples from these 9 patients were determined as described hersin, The urine creatinine values
were first converted to myg/mL and the cell-free DNA values are divided by this creatining
measurement ¢ produce ofDNA/creatinine with units of {GE mg]. wherein a GE {genomic
equivalent) is defined as 6.6 pg of hurman DNAL The ofDNA/creatinine ratio vs. the davs post
transplantation was plottad as shown in Figuve 7 and a 95% prediction band (the dotied line) as
dependent on ime-post-trapsplant was modeled as an exponential decay curve with following
Squation.

cfDNA/Creatinine [GE/mg] = 107((3.612-4.007)*EXP(-0.05977*(Days Post-
Transplant}}+4 007y 100,

{0116} Each data point in this one-sided 95% prediction interval corresponds to the estimate of

the wpper [t of the ofDNA/crestinine ratios that, with 95% confidence, is predicted to be

higher than cfDNA/creatinine ratios from 95% of future nou-rejecting patients at the same time

(=)
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pomt post-transplantation. The urine creatimune values were furst converted to mg/ml and the
gell-free DNA values are divided by this creatinine measurement to produce cfINA/creatimine
with units of [GE/mgl. The cfDNA/creatinine ratio was plotted agamst days post
wransplantation, Figure 8A. KIT prediction scoves were calculated as described above, and
plotted agamst days post-transplantation. Figure 8B, Although between the first and second
points the cfDNA/creatinme ratio drops (Figure 8A), the prediction score showed that that
relative risk actually increases prior to the biopsy-confirmed acute rejection gpisads (Figure 8B}
KIT was above zero at time point 22, indicating that patient #1 had kidney inpury and scute
rejection episodes. The dcute vejection status was confirmied by the examming the biopsy taken
at the listed time point. Patients #1843 were gl given an immunosuppressant after the listed time
ponts: Tacrolimus, MME, steroids to patient #1, Tacrolinmus, MMFE, Steroids to patient #2, and

Tacrolimnus and Sivolimus 1o patient #3,

0117]  ofDNA/crsatinine ratios of patients #2-43 for urine samples were plotted agamst days
post-iransplantation. Figures 9A and 9B. For both patients, agute rejections wers pradicted using
the method disclosed herein at 8 time pomt priov {o Hsted fume point, when they were confinmed
by hiopsy. Additionally, as shown m Figure 9B, the administration of an immunosuppressant
from the listed time point theveon caused the ¢fDNA satio to decrease mwto the stable region,
mdicating successful treatment Clinical determunants of prafl injury can be made on the basis of
an absolute elevation in the ofDNA value above the deternuned threshold as well as an tnerease
mn the ofDNA burden over time using patient specific threshold data. A grafl injury is presumed
to result from sub-optims! immunosuppression exposure, an abnormal, elevated ¢ofDNA result
could triggerihe following chintcal actions (1) retum of patent to elinie forcloser follow=ap; 2}
consider an earhier protocol biopsy in & patient scheduoled 1o have one; 3) consider an indication
biopsy to evaluate for sub-clinical acute rejection andfor other cause of graft mjury; 4) a change
I trmonosuppression drug type or dosing. Conversely, a low, stable ¢iDNA result could tnigger
the following chimical actions: 1) reduce clinic follow-up frequency: 21 avord vnnecessary
protocol bropsies that are done to look for sub-clinreal graft syury: 3) change in

mummoseppression drug type or dosmy,
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ESAMPLE 4 OF DETERMINING THE REJECTION STATUS FOR LUNG TRANSPLANT
PATIENTS.

{0118]  Bronchoalveolar lavage (BAL) fluid samples from 76 patients having veceived hing

wransplants were collected i sterile contamers either during stable period or during rejection
episodes. The BAL fhud was aliquoted nto 400 pl. for extraction with the QlAamyp Circulating
Nugclere Acids Kit {Qiagen) followmg the manufactwer’s instructions with an elution volume of

20 gl w H:0. The ofDONA was measurad as disclosed 1 Example 2.

[0119]  The penerated values were regressed nung a S-parameter sigmoid curve fit, such as that
provided m GraphPad Prism and the resultant cell-free concentration values were corrected for
the dilution done in the nicrowell as well as the concentration done from 400 L of BAL fluid to

20 ul. of eluate.

{0120] The notmalized of DNA concentrations from BAL fluid were compared between stable
and rejection patisuts. Figure 10, The mean level of ¢fDNA 1n the rejection patients was
signtficantly higher than in the stable patients. An abnormal, elevated ¢fIINA result could trigger

stniar chinical actions as disclosed 1o Example 2.
Example §, determining kudney injury status using a KT score

{8121} Figure 13 provides an illustrative embodiment, whuch displays a I'T score for assessing
kidney mjury ("KIT™) based on a dataset of 490 chinical patient samples with multaple causes of
kidney nyury. The resulting KIT score was based on a subset of 299 clinical patient samples that
had complets measurements of ofDNA, creatinine, CXCL10, Clustenin, Protemn, and DNA
methyiation markers; 111 type I digbetes mellitus, 71 immune, 30 kidney stones, 20 transplamt
rejections, 19 hypertenston and 28 controls,  The resulting KIT score had over 81% sensitivity
aud specificity for detection of kiduey myury (AUC = 96.9%).  Figures HA~E provide results of
peneralized hnear moded fits and associated ROC curves. These results illustrate thar tn addition
to displaying the probability of kydney wyury, the undertying algorithm can accurately provide
the probability of kiduney imjury due to each disesse cause; namely, type 1 digbetes mellitus,
unniane response, kidoey stones, transplant rejection, and hypertension. For these datp, the
resudiig slgorthm showed an over 92% sensitivity snd specificity {AUC > 99.4%) for detection

of each cause of kadoey mjury.

a2
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{0122]  1tis understood that the examples and embediments deseribed hereins are for illustrative
puposes only and that various modifications or changes in hight thersof will be suggested to
persons skilled m the art and are to be mcluded within the spirit and purview of this application
and scope of the appended claims. All publications, patents, and patent applications cued heremn

are hereby mcorporated by reference m thewr entireties for all purposes.
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WHAT IS CLAIMED IS:

i. A solution comprising a formaldehyde donor, a chelator,
aurintricarboxylic acid, and polyethylene glycol (PEG) i a concentration sufticient to intubi

cell lysis and to inhib nucleases ina biofluid,

2. The solution of clatm 1, wherein the formaldehyde donor 15 diazohidingd
urea.

3. The solution of claim 1, wheremn the chelator s EDTA,

4. The solution of claim 1, wherein the solution further corprises sodinm
azide.

5. The solution of clamn 1 or 4, comprising a buffer.

6. The solution of any of claims 1~5, further comprising a biotluid sanple.

7. The solution of any of claims 1-6, whersin the hiofluid sample 1s from a

patient who has recerved an organ transplant or has a Kidney disease.

8. The solution of claim 7, wherein the organ trangplant is g kidney

transplant,

Q. A method of detecting Alu copy number in cell-free DNA (¢fDNA}ina
biofluid sample, the method comprising:

obtaining a bioftuidic sample from a human;

gxtracting cfDNA from the biofluidic sample;

fornung a reaction mixture by contacting the ¢fDNA with a nucleic acid probe
under conditions to allow the probe to hybridize to the ¢fDNA thatis complementary to the
probe, wherein the nucleie acid probe has a nucleic acid sequence having a 3" and 37 end,
wherein the nucleic actd probe 1s complementary to contignous 20-292 nocleotides of SEQ 1D

NO:1and wherein the 37 or §° end s covalentlv linked detectable label;
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guantifying the amount of ofINA hybuidized to the probe, theveby detecting Alu

copy number i cell-free DNA (cfDNA} in the bioflaidic sample.

10, The method of claim 9, wherein the probe 13 complamentary to at least 30

contiguons nucleotides of SEQ ID NG:2.

1. The method of claim 9 or 10, further comprismg, before forming the

reaction nuxtore, muxing a solution of el | with the biofhuidie sample.

12, The method of claim 9, wherein the bioflmidic sample s a urine sample
and wherein the method further comprises quantifying the amount of creatinine in the reaction

mixhe.

13, The method of clasm {2, comprising normalizing the amopnt of ¢fDNA
hybridized to the probe agamst the amownt of creatinine in the urine sample to produce 8

normalized amoont of hybridized DNA.

14, The method of claam 13, further comprising comparing the novmalized

amount of hybridized cfDNA 1o a cotoff valve indicative of kidney statuy,

15, The method of claim 14, wherem the method further comprises
deternuning the patient has kidney injury if the detected amount of cfDNA hvbnidized to the

probe or the normalized amount of ¢fDNA is greater than the cutoff value,

16, The method of clanm 15, wheremn the human is a patient having received 8

kidney transplant wherem the Kiduey myury indicates that patient has acute rejection episodes.

17, The method of clam IS, wherein the human is a patient having received ¢
kidney transplant and wherein the method further comprises generating a predictive score for
deternnning kaduey health based ow the normalized mmovot of ofDNA aed the time post-

transplant of the kidney when the urine sample is taken from the patient.

18 The method of any of clanms 17, wherein the patient is deternuned to have
acute rejection episodes when the predictive score 1s greater than a cutoff value for the predictive

SCOres.

a2
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18 The method of clam 14, wherewn the wine sample 15 from an indrerduad
suspected of having a kaduey myury caused by a disease selected fromthe proup consisting of
BE viral nephnitis, focal segmental glomerulosclerosis, acute tubular necrosis, IgA disease, and

diabetic kidney disease.

20 The method of clatm 9, Rurther comprising quantifving the amount

CXCLIO.

21, The method of claim 9, wherein the probe comprises a nucleotide

sequence of 530-150 nucleotides complementary to SEQ D NOML

22, The method of claim 9, wherein the probe comprises a nucleotide

sequence of 70-100 nucleotides complementary to SEQ 1D NO:L.

23, The method of claim 9, wherein the probe comprises a nucleotide

seguence of 80-90 nucleotides complementary 0 SEQ 1D RO

24, The method of claim 23, wherein a nucleotide sequence has exactly 81

nucleondes.

25 The method of any of clatms 9-24, wherein the detectable label is blotin
and the method comprises contacting the detectable Iabel with a streptavidin-tinked signal

producing apent.

26.  The method of claim 9, whergin the signal-producing agent produces

chemtluminescence, color, or fuorescence.

27, The method of any of clasns 9-26, wherein the urine sample 1s taken 0-
400 days, or 10-100 days, ov 20-50 days, or over the lifetime of the transplanted kidney from the

patient’s recetrving a kiduey transplant.

28 A reaction mixture comprising i) non-amplified cell-free DNA {cfDNA)
exiracted from a urine sample and 1) a nucleic acid probe having a nucleie acid sequence and

having a 3" and 5" end, wherem the nucleic acid probe is complementary to 20-292 contiguous
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o

auclectides of SEQ ID NO:T and wherem the 37 or § end 1s covalently hiuked to a detectable
label.

29, The solution of clatm 7, where 1 the organ transplant is a lung transplant,

30, The method of clanm 9, wherem the biofhadic sample 18 2 bronchoalveolar
favage (BAL) fluid sample and wherein the method further comprises quantifving the total

vohune of BAL fhad

31, The method of claim 30, comprising novmahizing the smownt of ¢fONA
hybridized to the probe agamst the total BAL fluid sample volume 1o produce s normalized

amount of hybrdized DNA,

32, The method of clasm 31, further comprising comparing the pormahized

srount of hybridized ofDNA o a cutoft value indicative of huag status,

33, The method of clann 32, wherein the method further comprises the
determining the patient has hung syury if the detected amount of cfDNA hybridized to the probe

or the normahized amount of cfDNA 15 greater than the ol value.

34, The method of claim 33, wherein the human 15 8 pattent having received a

hung transplant where i the ung injury indicates that patient has rejection episodes.

35, A method of detecting organ injury comprising measuring the smount of
¢tDNA, and amounts of one or more of markers in a brothud sample obtained from an organ that
is suspected of having mjury or 1s hikely 1o develop myjury, wherein one or more markers is

selected from the group consisiing off

1} one of move inflamumation markers,
) one or maore apoptosis markers,

iy total protem, and
tv}  oneormore of DNA methylation markers;
producing an IT score using the amount of ciDINA and the amounts of the one or

more markers,

40
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i1 determintng the patient having myury in the organ or predict that the patient will

12 develop injury in the organ if the IT score 18 above a predeternuined cutoff

41
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3119

292 BP

|
l|

THE ALU ELEMENT IS 292 BP LONG

IN GENOMIC DNA, WHERE THE
INTEGRITY OF THE DNA IS WHOLE.
== PCR DETECTION USING PRIMERS
==== TARGETING LONG AMPLICONS
WORK TO QUANTIFY THE DNA.

—vr—r—r
o

HOWEVER, CFDNA COMES INAVARIETY &——

OF FRAGMENT LENGTHS DUE —

TO APOPTOTIC MECHANISMS AND e —
NUCLEASE DEGRADATION. _——
PCR PRIMERS OVER LONG

REGIONS WILL NOT DETECT THE ’ m%ﬂ:

SHORTER FRAGMENTS. D —

PCR PRIMERS OVER SHORT

REGIONS WILL NOT DETECT ALL pr—
THE FRAGMENTS.

OUR PROBE CAN HYBRIDIZE WITH LONG AND
SHORT FRAGMENTS, ENABLING GREATER AND
MORE COMPLETE QUANTIFICATION OF CFDNA.

o LIKE PCR METHODS, OUR METHOD PICKS
UP BOTH SINGLE- AND DOUBLE-STRANDED
® DNA.
. (B
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) statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. [___] Claims Nos..

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 8-8, 25, 27, 29
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. I[Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap,i)lication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive

concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.
Group I: Claims 1-5, directed to a solution composition to inhibit cell lysis and to inhibit nucleases in a biofluid.

Group II: Claims 9-24, 26, 28, 30-34, directed to a method of detecting Alu copy number in cell-free DNA (cfDNA) and a reaction mixture
for said detecting.

Group lll: Claim 35, directed to a method of detecting organ injury comprising measuring the amount of cfONA and biomarkers therein.

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, IZ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:] No protest accompanied the payment of additional search fees.
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Continuation of Box No. Iil. Observation where unity of invention is lacking

The inventions listed as Groups | through Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Groups |l and 11l do not require a solution composition, as required by Group |.

Groups | and |l do not require detecting Alu copy number, as required by Group Hl.

Group 1 and il do not require producing an IT score by measuring cfDNA and biomarkers, as required by Group lI.
Common Technical Features

The common technical feature shared by Groups |-t is biofluids.
The common technical feature shared by Groups Il and |l is measuring the amount of cfDNA in a biofluid sample.

However, this shared technical feature does not represent a contribution over prior art, because the shared technical feature is
anticipated by WO 2016/007755 A1 to Skog et al. (hereinafter 'Skog') (para [0002] "methods and kits for isolating nucleic acids from
biological samples, including cell-free DNA and/or cell-free DNA and nucleic acids”, para [0021] In some embodiments, the biological
sample is plasma. In some embodiments, the biological sample is serum. In some embodiments, the biological sample is urine. In some
embodiments, the biological sample is cerebrospinal fluid. In some embodiments, the biological sample is cell culture supernatant.”, para
[00123] The isolation and extraction ... procedure is able to deplete substantially all cell-free DNA from plasma input, and is equal to or
better in DNA yield when compared to commercially available circulating DNA isolation kits.").

As the technical feature was known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups.

Groups | through III therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical
feature.
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