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A NOVEL IMMUNOPROBE-BASED METHOD'ToASSESS ORGAN 

INJURY STATUS THROUGH A BIOFLUID-BASED CELL-FREE DNA 

(CFDNA) ASSAY 

CROSS-REFERENCESTO RELATEDAPPLICATIONS 

[00011 Thisapplication claims priority to U.S. ProvisionalfApplicationNo.6236 filed 

August 17,2016 the disclosureof whichis hereby incorporated by reference in its entirety for 

all purposes.  

BACKGROUND OF THE INVENTION 

[00021 Twentysix million Americans sufferfrom organinuries, suchasthoseassociated with 

chronic kidney disease(CKD) and orgntransplantrejectionand dysfunction e.gkidney 

transplant or lung transplant.Treatment of these injuriesisverycstly. Forexample,twenty-eight 

percent ofannual Medicare spending,5T5 billion is spent ontreating CKD.o'everformany 

of thesethere is no wy to predictwhen theijuryisimminentuntilcinicalsymptomsemerge 

A e proportion of the costs associated with these diseases are dueto lack of early detection 

leading to more severeoganIury and requiring greaterand moreepensivetherapeutic 

intervention Mehods for earlier detection ofkidney pathologieswould enable reductions in 

medical costs and more effectivethepeatcintervention 

100031 Traditionallydetectionoforganinjury eg.kidneyinjuryisbasedonexaminationof 

biopsies, which is both costly and invasivefor recently cell-fee DNA(cDNA)from dying 

cells has been discovered in human urine. Recent efforts have ocusedon testing ofurinefor 

cIDNA asa arker for allograft reetion rather than organ injury; furthermore the technique 

has been limited to usin PCornextgeneration sequencing for the detectionofdonorspeci 

SNPs or the measurement of Alu elements.Thesemethodshavelimitationsbecausetheyare 

limitedtotestingforkidney rejection are expensive, both in consumablesandequipment 

requarereatively larger quantities of DNA, and aren't high-throughput, Further, they may not 

be able to detetfragmntlengths shorter than 150 bp as ithasbeenfoundthatalthough whole 

unfragmentedLDNAwas optimal for a qPCR based approach for measuring Alu there wasa 
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significant reduction (75% reduction) in DNA quantification for DNA at a fragment size of <150 

bp (Sedlackova et al., Biol. Proced. Online (2013) 15:5. doi:10.1186/1480-9222-15-5).  

BRIEF SUMMARY OF THE INVENTION 

[0004] A novel methodology for quantitative analysis of cell-free DNA in biofluid, such as 

urine and bronchoalveolar lavage (BAL), is provided. Aspects described herein include a 

preservative cocktail of reagents that can stabilize biofluid cellular DNA, a method of measuring 

cfDNA by hybridization assay that quantifies human Alu repeats in the biofluid, and a novel 

analysis method that factors in clinical assay variables to provide a quantitative risk score for 

kidney injury. In some cases, the amounts of additional markers in the sample are measured, 

such as methylation markers (e.g., 5-methylcytosine), tissue inflammation markers (e.g., 

CXCL10), apoptosis markers (e.g., kidney tubular injury markers, such as clusterin), total 

protein, and/or creatinine. These aspects can be used to assess the kidney health in the context of 

kidney transplantation and kidney disease.  

[0004a] In one aspect, the present invention provides a method of diagnosing kidney injury, the 

method comprising: (i) obtaining a urine sample; (ii) contacting cfDNA from the urine sample 

with a detection reagent to measure cfDNA from the urine sample and measuring an amount of 

the cfDNA contacted with the detection agent, wherein the detection reagent is a nucleic acid 

probe, and wherein the cfDNA is not amplified prior to contact with the nucleic acid probe; (iii) 

contacting an inflammation marker from the urine sample with a detection reagent to measure 

the inflammation marker from the urine sample and measuring an amount of the inflammation 

marker contacted with the detection reagent, wherein the inflammation marker is CXCL-10; (iv) 

contacting an apoptosis marker from the urine sample with a detection reagent to measure the 

apoptosis marker from the urine sample and measuring an amount of the apoptosis marker 

contacted with the detection reagent, wherein the apoptosis marker is clusterin; (v) contacting 

creatinine from the urine sample with a detection reagent to measure creatinine from the urine 

sample and measuring the amount of creatinine contacted with the detection reagent; (vi) 

contacting total protein from the urine sample with a detection reagent to measure total protein 

from the urine sample and measuring the total protein contacted with the detection reagent; (vii) 

contacting methylated DNA from the urine sample with a detection reagent to measure 

methylated DNA from the urine sample and measuring the methylated DNA contacted with the 
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detection reagent; (viii) inputting measurements obtained from steps (ii)-(vii) into a model to 

produce a score indicative of kidney injury; and (ix) detecting kidney injury using the score from 

step (viii) with an area under the receiver operating character curve (AUC) of greater than 90%.  

[0005] In one aspect, this disclosure provides a solution, e.g., a sterile solution, that comprises 

a formaldehyde donor, a chelator, aurintricarboxylic acid, and polyethylene glycol (PEG) in a 

concentration sufficient to inhibit cell lysis and to inhibit nucleases in urine. In some 

embodiments, the solution further comprises sodium azide and/or a buffer. In some 

embodiments, the solution further comprises a biofluidic sample. In some embodiments, the 

biofluidic sample is a urine sample or a BAL sample, as the effluent of choice for non-invasive 

measurment of kidney or lung organ injury. In some embodiments, the urine sample is from a 

patient who has received a kidney transplant or has acute or chronic kidney injury, in others it is 

the bronchoalveolar lavage (BAL) fluid from a patient who has received a lung transplant or has 

lung injury.  

[0006] In one aspect, this disclosure provides a method of detecting Alu copy number in a 

biofluid sample, the method comprising: obtaining a urine or other biofluid sample from a 

human, extracting cfDNA from the sample, forming a reaction mixture by contacting the cfDNA 

with a nucleic acid probe under conditions to allow the probe to hybridize to DNA in the cfDNA 

that is complementary to the probe, wherein the nucleic acid probe has a nucleic acid sequence 

having a 3' and 5' end, wherein the nucleic acid probe is complementary to contiguous 20-292 

nucleotides of SEQ ID NO:1, wherein the 3' or 5' end is covalently linked to a detectable label; 
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and quantifyingtheamountofDNAhybridizedtotheprobeInsomeembodiments,theprobeis 

complementary to at least 50 contiguous nuclotides of SEQ ID NO;2 In some embodiments, 

the probe comprises a sequence of50-15070-10O, 80-90, or exactly 81 nucleotides 

complementarytoSEQID NO Iin some embodiments,the detectable label is biotin and the 

method comprises contacting the detectable label witha streptavidinlikedsignalproducing 

agent.  

[0007] In some embodiments, before forming the reaction mixture, mixing a solution 

comprising diazolidinyl ureaEDTAaurintricarboxyic acid and polyethylene glycol (PEG) ina 

concentration sufficient to inhibit celllysis and to inhibit nucleasesinto the urine sample In 

someembodiments the method further comprisesquantifying the amount ofcreatinine in the 

reaction mixtureIn some embodiments, the method furthercomprises normalizing the amount 

of fDNAhybridizedto the probe against the amount ofcreatinine in the urine sampleto 

produce a nomalized amount of cDNA. I some embodiment, the method further comprises 

normalizingthe amount of cfDNA hybridized to the probe against the amount of creatinine in the 

urine sample to produce a normaized amount of hybridized DNA. In some embodiments, the 

method further comprises determining the patient has kidney injryif the detected amountof 

target DNA (eg., IDNA) hybridized to theprobe or the normalized amount oftarget DNA (eg 

cfDNA) is greater than thecutoff value.  

100081 In some embodiments the human is patient who has received a kidney or Img 

transplant andthe presence ofkidneyor lung injury indicates the patient may have acute 

rejection episodesInsome embodiments the method further comprises producing aprediction 

score for determining kidney or lug heath based on the normalzed amount of target DNA e g 

efDNA) and the time post-transplant ofthe kidneyThe patient is determined to have acute 

rejectionepisodes when the predictive score is greater than a cutoffvaluefor the predictive 

scores In some embodimentsthe urine or BAL sample istaken 0-400 daysor 10-100 days or 

20-50 days from the patients receiving a kidney or lung transplant.  

[00091 In some embodiments the urine samples from anindividual suspected of havsin a 

kidney injury caused by disease selected from the groupcosisting of BK viral nephis, focal 

segmental gloneloscerosis (FSGS),kidney stone, acutetubularnecrosis (ATN),IgA 

nephropathy (IgAN) and diabetic kidney disease or kidney disease fenm syseie diseases such 
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as hypertension and autoimmune disorders (eg SLY rheunatoid arthritis)In these 

embodiments, a determinaion of kidney injury indicates the patient has the disease 

100101 in someembodiments the method further comprises quantifying the amountCXCL10 

inthereactionmature to add greater specificityand sensitivity to the assay through the addition 

ofa bioiarker reflecting theliaflannatory burden. In some embodiments, the method further 

comprises quantifying the proportion or absohte quantity of methylated efDNA and 

hydroxymethylated cfDNA to reflect the methylation status of the circulatin DNA which further 

defines the presence of intrinsic tissue injury.  

100111 In another aspectthe disclosure provides a reaction mixture omprising non-ampified 

cell-free DNA (cfDNA) extracted from a urine sample (esg in some embodiments, from a 

patient who has receivedakidney transplant)and ii)a nucle acid probe having a nucleic acid 

sequence and having a 'and 5' end, whereinthe nucleic acid probe is complementary to 20-292 

contiguous nucleotides of SEQ ID NO and whereinthe 3'or 5'end iscovalently linked to a 

detectable labelThe reaction nxture can comprise any ofthe components describedherein.  

100121 another aspectprovidedherein is a method ofdetecting Alu copy number in cell

free DNA (fDNA)in abiofluid samplefroman individual having a lung transplantor lung 

transplantclinicalconditions.The method comprises obtaining a biofluid sampleeg a 

bronchoalveolar savage (BAL)fluid sample, from human extracting cfDNA from the 

biofiaidic sample;fbring a reacion mixture by contacting the fDNA with nucleicacidprobe 

under conditions to allow the probe to hybridize to DNA inthe fDNAthat is complementary to 

the probe, wherein the nucleic acid probe has a nucleic acid sequence having a 'and5 'end, 

wherein the nucleic acidprobe is complementary tcontiguous2092nucleotides ofSEQID 

NO: Iand whereinthe or 5 endiscovalentllinked detectable labe and quantifying the 

amount of DNA hybridized to theprobe, thereby detecting Alu copy number in cll-free DNA 

(cfDNA) in the biofluidic sample. insone mbodiments the biofluidic sample is a 

bronchoalveoaravageBAL) fluid sample and whereinthe methodfther composes 

quantifying the total volume of BAfluid.  

[00131 In some embodiments, themethod further comprises normalizing the amounttofeDNA 

hybridizedto the probeagainstthe total BALfluid samplevolumetoproducea normalized 

amount of hybridized cfDNA, 
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100141 In someembodientthe method fUrther comprises comparing the normalized amott 

ofhybridized DNA to a cutoffvalue indicative of lung status 

100151 in some embodimentsthe method further comprises the determining the patent has 

lung injury ifthedetected amountof target DNA (eg. cDNA)hybridized tothe probeor the 

normalized amountoftarget DNA (e.gc DNA) is greater thanthe cutofvalue. In some 

embodimentsthe humanis patient having received a lungtransplant where in the unginjury 

indiates that patient has rejection episodes 

[00161 In some embodiments, the method further comprises generating a KITscore based on 

the amount ofcefDNA hybridized to the probe and the ainount of creatinine in the reaction 

mixture. In someembodimentsthe KIT score is generated using theratioof the amount of 

DNA hybridized to the probe to theamount of creatinine In some embodiments,the KITscore 

is generated by use of generalized linear models, such as logistic regression, using theamount of 

cfDNA hybridized to the probe the amou~ntof creatinine one or more inflammation markers 

(eg, CXCL10L one ornoreapoptosis markers (egkidney tubularinjury marker suchas 

clustering) and/or one or more DNA methylation markers present in the biofluid sampleIn some 

embodiments, nonlinear regression models,selected from the group consisting of neural 

networks generalized additive models similarity least squares, and recursivepartitioning 

methods, may be used to develop KIT Scores. In some embodiments, the KiTscore isgenerated 

using additional biomarkers selectedfrom the group of CXCL10, clusterin and DNA methylation 

markers such that the KIT score results in greater sensitivity and specificity for the diagnosis'and 

prediction oforgan injury.thanthe use of ndividualarkers inthe KIT assay TheKITinjury 

score also detects organ injurywith greater sensivity than current markers of kidneyfunction 

such as the serum creatinine or urine protein or current markers of lung fncion, such as forced 

expiratoryvohme (EV")and forcedvital capaciy ("PVC" In soni embodimentsusing the 

IT score, e.g, a KITscore, as described above can detect kidney ury with sensitivity ofat 

least 85% at least 87%, at least 88%,atleast 90%, at least 91%.at least 92%,at least 93%, at 

least 94%. at east 95%. and/or aspecificiy of at least at least 85%, at least 87%, at least 88% at 

least90%,atleast 91%. at least 92%,at least93%, atleast 94atleast 95%, In some 

embodiments, using the KIT score described above can detect kidney injury with an AUC of at 
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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%.  

10017] winsome enbodimentsthe disclosure provides a method ofdetecting organ injury 

compsngmeasurig the amount of cfDNA and amounts of one or more of markers ina 

biofind sampleobtaied from an organ that issuspected of having injury or is likelyto develop 

injury herein one or more markersis selected from the group consisting of, oneor more 

inflammanon markers 1ii) one or more apoptosis markersiii)total proen, andiv)one or more 

ofDNAmethylationmarkers;producing an IT score using the amount of cfDNAandthe 

amounts of the one0 more markersand determining the patient having injury in the organ or 

predict that the patient will develop injury in the organ if the IT score is above a predetermined 

ctoffIn some embodimentstheorgan inury is kidney injury. In some embodiments the IT 

score is produced by further including creatinine, In some embodiments, theIsore is 

produced by using a mathematical model using the amount of fDJNA hybridizedto the probe, 

theanountof creainine oneormoreinflammationmarkers(e.g CXCL10).oneormore 

apoptosis markers(e.g. kidney tubuar injury marker such as ciusterin);creatinineand/or one or 

more DNA methlation markers present in the biofluidsample 

BRIEF DESCRIPTION OF THE DRAWINGS 

100181 Fig Ishows electrophegrams that demonstrate in the absence of DNA preservative 

solution the DNA degradesanddisintegratescomhplet overaperiod of72hourswereas 

DNA presentation solution helps aintainDNA integrity up to72 hours.  

[00191 Fig2Lcompares using the methods dclosedherein and using the standard PCR based 

methods in Audetection for cfDNA analysis, 

[00201 Fig.3showsadualbiotinyatedIigonucleotidecomplementarytotheAirepeats 

100211 Fig 4, showsthe dynamic range ofthe assay disclosed herein having at least 5 orders 

of magnitude using a cliemiluminescent assay system.  
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10022 Figs.5A-D show using the assay disclosed herent odistinguishkidneytransplant 

rejection(Figs 5A-B), native kidney disease (Fig. SCfand its improvedperfrmanceover 

proteinuria in detecting kidney inury(Fig.5D), 

[00231 Fig. 6 shows tecorrelationbetween chromosome Y andchromosomeI copynumber 

inthe urine validates the method in this disclosure, 

100241 Fig. 7. shows an exponential decay curve showing change of fDNAcreatinine ratio 

over thenumer of days postransplantationusing data from 9 patients who received kidney 

transplant and did not experience acute rejection episodes.  

100251 Fig SA shows the change offDNA/creatinineratio overthe days ofpost

transplantation and Fig. B shows change of the Kidney injury Test (KI) scoreover the days of 

post-transplantation.  

100261 Figs. 9Aand 98 show using the cfDNA/creatinine ratio to predict acute rejection in 

patient #2 and patient #3 

10027 Figs 10A and 1OB show using the methods disclosed herein to detect IgA nephropathy 

(a native kidney disease) in patients intis study, urine samples from individuals 117of 

which werehealthy and 85 individuals had IgAnephropathy as previously determined bother 

methods - were analyzed using the methods disclosed herein Fig 10A shows the differences in 

the detected cfDNA/creatinine ratiosbetweenhealthyindividuals(normal)andthosehaving 

IgAo ephropathy("gA)The ROCanalysis indicates that the AUC of the ROC curve is 0,961 

with a confidence interval of 09431 to 0.9871 with a P value of<0,0001 Fig 18 

100281 Fig I I shows a comparison between the efDNA concentration found in 

bronchoalveolar lavage (BAt. fluid fromin individuals who had stable lung transplants ("STA") 

and from those who underwent occult, acute orchronicrejection Rejection").The value was 

0A0427.  

100291 Fig 12 shows predictivenesscurve for the probability of acute kidneyrejection in 

kidney transplant patientias a umtion of a KIT score, which is generatedusingmeasurements 

of cfDNA and creatinine from urine Urine samples from41 patientshaving received kidney 
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transplants were collected as disclosed herein. Measurements of ciDNA and creatinine in uine 

were obtained from each patient: 

100301 Fig. 13shows using KIT score to assess kidney jurybased on adataset of 490 

clinical samples within uiple causes of kidney injury 

100311 Figs.I4A-E show usinggenralized linear modeland associated ROCcurves to predict 

probability of kidney injuryas wellas various diseasesthat are associated with kidney injury 

namely, type diabetesmeitusiunmne response, kidney stones, transplant rejection, and 

hypertension.  

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

[00321 The terms "a " "anor "the" as used herein not onlyinclude aspects withone member, 

but also include aspects with more than onemember; For instance, the singular forms "a, "-an, 

and the" include plural referents unless the context clearly dictates otherwise Thus, for 

examplereferenceto "a cell" includes a plurality of such cells and reference to "theagent" 

incldes reference tone or more agentsknown to those skilledin the artand so forth, 

0033) The terns "subject" "patient" or"Individual" are used herein interchangeably to refer 

to a human or animal. For example, the animal subject may be a mammI a primate eg a 

monkey, a livestockanimaljeg a horse, a cowa sheep, a pig or agoa .a companionanimal 

e~g, adogsacat )a laboratorytest animal (ega mousearat, aguineapigabirdananimal 

of veterinarysignificance, oran animalof economicsiificance 

0034J The term "nucleic acid', or "polynucleotide" includes deoxyribonudeotidesor 

ribonucleotides and polymers thereof in either single-ordouble-strandedfom. Unless 

specificalylimited eteencompasses nucleic acidscontainingknow natural 

nucleotides that have similar bindingpropertes as the reference nucleic acid and are metabolized 

in amanmer similar to naturally occurring nucleotides. The term nucleic acid is used 

interchangeably with geneDNA, andmRNAencodedbyagene.  
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100351 Thetermkidney jury status" refers to whether the patient shows injury in the 

kidney.For purpose of thisdisclosure, kidney injury canresuth from surgery such as kidney 

transplant, or from any kidney disease: 

[00361 The term 'kidney transplantation"or kidney transplant refers to the organ transplant 

of a kidney into a patient. The source of the donor kidney can befrom a deceased oriving 

donor, 

100371 The term "Alu"or "Alu eent" or "Alu repeat"refers to a shortstretch, about 300 

base pairs long, of DNA originallycharacterized byt reaction oftheArhrobacterlhueu 

restrictionendonuclease.Alu elements are the most abundantrepetitive elementsinthehuman 

genome. They are derived from the small cytoplasmic 7SL RNA.SEQIDNO;Irepresentsan 

exemplaryhuman Alurepeat 

100381 The term "hybridize" refers tothe annealing ofone ormore probes to target 

nucleotide sequence. Hybridization conditionstypicaly included temperature that is belowthe 

meltingtemperature of the probes but that avoids nospecifichybridization of theprobes 

100391 The termbioftuid"or "biofluidic samplerefersto a fluidic composition that is 

obtained or derivedfrom an individual that is to be characterized and/oridentfied, for example 

based on physical biochemicalchemical and/or physiological characteristics. Non-im iting 

examples of biofluid include blood-serum, plasma, salivaphegm, gastric juicessemenaears, 

and sweat in one embodiment the biofluid is urine, In another embodiment the biofluid is BAL 

[0040] The term'"posttransplantation"refers to a time after the transplantation of an organ, 

e kidney or lung, into the patient from a donor.  

[0041 As used hereinthe term "AUC" refers to "area under the urve" or C-statistic ,which is 

examined within the scope of ROC (receiver-operating characteristic) curve analysis AUC is an 

indicator that allows representation of the sensitivity and specifcity ofa test assay, or method 

over the entire rangeof test (or assay) cut points with just a singlevalue. An AUC of an assay is 

determined from a diagram in which the sensiti i y of the assay on the ordinate is plotted against 

1-specificity onthe abscissa A higher AUC indicates a higher accuracy ofthe test; anAUC 

value of I means that all samples have been assigned correctly(specificity andsensitivity of 1), 
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an AUC value of 50%means thatthesaples have been assignedwithguessworkprobability 

andthe parameter thus has nosinificance 

100421 Using AUCs through the ROC curve analysis to evaluate the accuracy of a diagnostic 

orprognostic test are well knownin the art, for example, as described in Pepe et at., 

"Limitations of the Odds Ratioin Gauging the PerformanceofaDiagnos Prognostic or 

Screening Marker" An., Epidemiol 2004, 59 (9)882-890 and "ROC CurveAnalysis: An 

ExampleShowingThe Relationships AmongSerum Lipid And Apolipoproteinlevelsin 

Identifying Subjects With Coronary Artery Disease," Clin.Chen, 1992,38(8): 1425-1428,See 

also.CLSI Document EP24-A2_Assessment of the Diagnostic Accuracy of Laboratory Tests 

Using ReceiverOperating Characteristic Curves; Approved Guideline- Second Edition Clinical 

and Laboratory Standards Institute; 2011; CLS Document 1LA21-Al2:Clinical Evaluation of 

Immunoassays; Approved Guideline - Second Edition. Clinical and Laboratory Standards 

istitute; 2008.  

f0043J As usedhereinhe term diagnose " means assigningsymptoms or phenomena to a 

disease or injury orthe purpose of this inventiondiagnosis meansdeterminingthe presence of 

organ njury in a subject.  

100441 As used herein, the term "predict" refers topredicting as to whether organ injury is 

likely to develop in a subject 

1. KIDNEY INJURY STATUS 

100451 Compositioans and methods are provided that can be used to assess kidney injury status, 

ie., the presence orabsence of kidney injury in an individual Such an assessment is helpful Ifor 

diagnosing when an individual is in need of medical intervention, suchasbeing given more 

medication to address the medical problem or havingmedicationdecreased(includingcessation) 

where it is no longer medically necessary. For example, compositionsand methods described 

herein can be used to determine wherran individualhas kidney injury due to kidney transpant or 

kidney disease 

100461 Kidney injury candevelop inpatients who have uidergone a kidney transplant.This 

canhappen because of several immune andnonimmune factors such as ishemiareperfusion 

injurysize disparity, donor related factors, ce-mediated rejection, and antibody-mediated 
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rejection by way ofexampleProblems after atransplant mayincudetransplantrejection 

(hyperacute acute or chronic), infections and sepsis due to the munosuppressantdrugs thatare 

required to decrease risk of rejection post-transplant lymphoproliferative disorder (a form of 

lymphoma due to the immune suppressants) imbalances in electrolytesinclding calciuand 

phosphateWhich can lead to bone problems among other things, and other side effectsof 

medications including gastrointestinal inflammation and ulceration of the stomach and 

esophagus. hirsutism (excessive hair growth in a malepatterdistribution) hairloss, obesity, 

acnediabetes melitus type2hypercholesterolemia, and osteoporosis.  

100471 Kidney injury canalso develop in patients havingkidney disease Kidney diseases are 

diverse, but individuals with kidney disease frequently display characteristic clinical features 

Common clinical conditions involving the kidney include but are not limited to the nephritic and 

nephrotic syndromes, renal ysts, acute kidney injury, chronickidneydisease diabetes-induced 

nephropathy urinary tractinfection, nephrolithiasis and urinary tract obstruction, glomerular 

nephritis (GN focal segmental glomerular sclerosis (FSGSigA nephropathy (IgAN), 

mesangiocapillary Ipus and membranous etc, hypenensive nephropathy, and drug induced 

nephropathy.Kidney diseases can also include the various cancers of thekidneywhichexistFor 

example such cancers include, but arenot limited to, renal cll carcinoma. urothelalcell 

carcinoma of the renal pelvis, squamous elcarcinoma, juxtaglomerular celltumor(reninoma 

angiomyolipoma renaloncocytomabelIni duct carcinomaclear-cell sarcoma ofthekidney 

mesoblastic nepbroma, Wilmstumormixed epitheialstromal tumors, clear cell 

adenocarcinoma transitional cel carcinoma, inverted papilloma, renal lymphomateratoma, 

carcinosarcoma, and carcinoid tumor of therenal pelvis.Kidneydisease can also be virally 

induced and include but are not limited to BKVnephropathandnephropathyinduced by EBV 

and CMViKidney disease can also be drug-induced as some medications are nepIrotoxic (they 

have an elevated risk for having the kidneys). in the worstcasethe drugcauseskidney failure, 

whilein othercases the kidneys are damaged, but donot failomnon nephirotoxic drugs 

include, butare not limitedtononsteroidalantiinflammatorydugs (NSAIDssome antibiotics, 

some painkilers. and radiocontrast dyes used for some imaging procedures.  
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10048 1 bisome embodiments, a urinesample is fromanindividual haing a kidetransplant 

or one ofthe above-listed kidney disorders or kidney transplant clinicalcondiionS described 

above is assayed as describedherein 

2. LUNG INJURY STATUS 

100491 Compositions and-methods are prvided herein thatcan be used to assess lung injury 

status i e,the presence or absence of lung injury inan individnalSuch an assessment is helpful 

for diagnosing when an individual is in needof medical intervention,such as being givenmore 

medication to address the medical problem or having medication decreased (including cessation) 

whereit isno longer medically necessary For example, the conpositiuons and methods described 

herein can be usedtodetermine when an individual has lunginjury due to lung transplant.  

100501 Lunginjury candevelopinpatientswho have undergonea hugtransplantThis can 

happen because of several immune and non-immune factors such as ischemia reperfusion injury 

size disparity donor-relatedfactors, cell-mediated rejetion and antibody-mediated rejection, by 

way of exampleProblens after lung transplantation may include hperacuterejection, acute 

rejectioneseveral types ofchronic rejection orchronic lung alograftdysfunction(CLADsuch 

as restrictiveallograftsyndrome (RAS) or bronchiolitis obliterans syndrome (BOS) infections, 

and sepsisdue to the immunosuppressant drugsthat are required to decrease riskofrejecon.  

[00511 In some embodiments a biotuid sanipie; eag.,abronchoalveolarlavage (BAL)fluid 

sample, is froman individual having lung transplant, ormg transplant clinicalconditions 

described above is assayed as described herein. Thus, in some enibodiments,providedherein is 

a method of detecting Alu copy number in cell-free DNA (fDNA)in a biofluid sample from an 

individualhavinga lungtransplant orlung transplant clinical conditions.Themethodcomprises 

obtaining a biofluid sample, e g. a broachaalveolara vage (BALtid sample from a human; 

extracting efDNA from the biofluidic sample; forming a reaction mixture by contacting the 

cf'DNA with anuei acid probe under conditions to allow the probe to hybridizeto DNA in the 

cfDNA that's complementaryto the probe,whereinthenucleic acid probe has a nucleic acid 

sequence having a3' and5 endwherein thenucleic acidprobe iscomplementarytocontiguous 

20-92 nucleotides of SEQ ID NT I and wherein the 3'or 5'end is covalently linked detetable 

label; and quantifying the amount of DNAhybridizedto theprobe, therebydetecngAlucopy 

number in cell-ee DNA (cfDNA) in the biofluidic sample 
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100521 TheamountofDNAhybridizedtotheprobemaybenormalized againstthetotal 

biofuidsamplevolume to produce a normalized amount of hybidized DNA. in some cases, the 

normalizedamount of hybridized DNA is compared to a cutoff value indicative of lung status.  

In some cases, the method further comprises determining the patient bas lung injury if the 

detected amount of target DNA(e gcDcINA)h hybridized to the probe or the normalized amount 

of target DNA (eg, ofDNA) is greater thanthe cutoff value.  

3. THE PRESERVATION COCKTAIL 

00531 Insome aspectsapreservative cocktailof reagents that can stabilizebioluidcell-free 

DNA(DNA") is provided. In some embodiments, the preservative cocktail is a solution 

comprising a formaldehyde donor anda chelator, such as a calcium chelating agent. Non

limitingexamples of formadehydedonor include diazolidinyl urea and imidazolidinyl urea.  

Nonimiting examples ofchelatorsincludeEDTAandEGTA.Insomeembodiments, the 

solutionfrthercomprisesoneorboth of PEG aurintricarboxylic acid In sonie embodiments 

the solution farther comprises sodium azide and abuffer. Nonlimiting examples of buffers 

include PBS, TAPSficine, Tis. Tricine HEPES, TES.MOPS, PIPES, Cacodylate. and MES 

In some embodimntsthe solution comprises the respective components at a concentration that 

can preservethe bioluid eg urine)by preventing degradation offdNA by leases and/or 

by inhibiting cell lysis In addition tostabilizingc fDNA, thesolutioncan also prevent genomic 

DNA contamination through stabilization ofcells presenting the biofluid: Variousmolecular 

weight of PEG and various forms of EDTAcan be used in this cocktaito provide the desired 

propertiesaboveIn one embodiment the PEG used in the cocktail is PEG 35,000. Inone 

embodiment, EDTA is Na2.EDTA.n ne embodiment EDTA is K2EDTA. Inoneembodiment 

EDTA is K3EDTA.  

[00541 Typically the cocktail is prepared as a concentrated stock solutione.g a OOx, 20x 

Ox, 5xor2x concentratedsock soltionand is mixedanddiuthed with hiofuid to be assayed, 

e, urine sample to a finalworkingconcentration. For examp for a x concentrationof 

the cocktailwhich will be diluted 10 timesaftermixing with urine, the concentration of 

diazolidinyl urea can be 0, -1 gLto50g/Leg. 5 to 30 giL igL o20 gLgLto20 

,5 /Lto15 glor 5 g/L to 10 gL the concentration of PEG 35,0000 can be 02 gl to 50 

g/L,e.g..0.5gLto40g/L, 1 g/Lto30g/L, 20g/L,or15g/Lto 25 g; the concentrationof 
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aurintricaboxlicacidcan be 0n.1M t t10 gA o f10 mM,.0.5 mM to 5 mM,05 

mM to 2 mM, or Im to 2 mM The concentration of EDTA can beImM to 100 mM, e.g 2 

mM to 50 m, 5 mM to 40 rM, 5 mM to 20 mM, or 10 mM to 20 mM The 10x concentrated 

stock solution may also comprise sodium azideata concentration of I 1mM to 100 mM, 2 mM to 

50 mM, 5 mM to 20mM, or 10mM to 15 mM. The cocktailan comprise abdfetsuch as 

phosphate buffersaline (PBS) for example 10NPBS in a I1oncentatedstocksolution 

00551 In some cases thecocktailTis provided in a powder or sodtable format and is 

reconstituted to solution by adding water oraqueous buffer, or the biofluid itself 

100561 incertainembodiments, the ocktailcompisesabout10fLDiazolidinyireaabout 

20g/L PoiyEthelyene Glycocoabout ImM Aurintricarboxylic acid, about 10 m K2EDTA, 

about 10mM Sodium Azide, and/or about IX Phosphate Buffered Saline pi7.4.  

4. THE NUCLEIC ACID PROBE 

100571 The Alu gene has en extensivelstdiedforamplifiationofvariousregionsfor 

assessing the quantty of ciDNA inpatients with cancer(BilProced Oninc (2013¾ Parketal 

OncolLett(2012)). In one aspect, the presentinvention provides method of assessing the 

uantityofefDNAinbiofluidsbyusingalabeled nucleicacid probe to hybridize tothe Au 

repeats in fDNA.  

[00581 In some embodiments, the nucleic acid probecomprsesanucleotidesequencethat 

comprises, or is fully complementary to, at least 20-300,e 20-29220-180 5015070-100 

80-90 contiguous nucleotides of SEQ ID NO:I 

5'GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGG 

GCGGATCACCTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAACATGGTGAAACCCC 

GTCTCTACTAAAAATACAAAAATTAGCCGGGCGTGGTGGCGCGCGCCTGTAATCCCA 

GCTACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCGGGAGGCGGAGGTTGCA 

GTGAGCCGAGATCGCGCCACTGCACTCCAGCCTGGGCGACAGAGCGAGACTCCGTC 

TCAAAAAAAA-3'.  

[59 In some embodiments, the probe comprises anucleotide sequence that comprises, or is 

fully complementary to, at least20 340, 50 600 80, or contiguousnucleoides ofSEQ 

ID NO: 2: 
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GCCTGTAATCCCAGCTACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCGGGA 

GGCGGAGGTTGCAGTGAGCCGAGAT.  

100601 A nucleotide referred to herein in the context of the nucleicacidprobe can bea natural 

ntcleotid~ega cytosineguaniethymine, adesinine ora modified nucleotide. A nodiied 

nucleotide refers to an alteration which at least one nucleotde of theononueotidesequence 

is replaced by adifferent nucleotide that provides adesired property (e g..ability to base pair 

with a complementary nucleotideina target nucleicacid)totheoligonucleotide Non-limiting 

examples ofmodifiednucleotide incode locked nucleic acids (LNA),peptide nucleicacids 

(PNA morpholnos,and those described in US at PubNo.20160177377.  

[0061 In some enbodinents; thenucleotide sequence of the probe is cojugatedtoa 

detectable label The detectable label can be cojugated onto any nucleotide ofthe probe so long 

as it does not inhibit hybridization ofthe probe to the target, i.e., the Alu repeats in the cfDNA.  

ia some enbodinients the 5' end of the nucleotide sequence is coniugated to one or more (eg 

twoiormore) detectablelabel in some embodiments, the detectable label itselfis conugaedto 

thesignalproducingagentIn soie embodiments, the detectable label is a molecule that can 

bind abinding partner and thetbinding partner islinked to asignal producing agent;.For 

examplein some nembodiments, the detectable labels biotinandthe binding partner is 

streptavidin or vice versa In some embodinents the detectable label is digoxigenin and its 

binding partner is anti-digoxigenin or vie versa In some embodiments, the detectable label is2 

4-dinitrophenol(DNP) and the binding partner isanti-DNP or vice versa. Other labels known to 

one skilled inthe artcan also be used in the nucleic aid probe disclosed herein. Thesignal

producing agent can be any agent that produces quantifiable signal including but notlimited to, 

chemiluminescence,color, orfluorescence. Non-limiting examples of signaproducingagents 

include an a fluorescent molecule, or the like.Oher non-Limiting exampes of 

detectable labels and signaproducingagentscan be found in US2010209990, hereby 

ncorporated byrfeenceIn one preferred embodnent, the signalproducing agent is 

horseradishperoxidase (HRP) 

[00621 in some cases, the 3'end of the nucleotide sequence of the prbeisconjuated toone 

ormoredetectablelabe.In some cases, both the5and ends of the nucletide sequence are 

conjugated to one or more detectable label The number of detectable labels conjugated tothe 
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probe canv ary; for example the number can be atleast one two three four;lfe, sisev, ten, 

fifteen eighteen or more. in general highernumber of detectable abeswill produce a higher 

signalin theassay (Division etUaNuceicAcids Res(1988) 16:40774095) Oneofordinary 

skil can readily determine the number of detectable labels to be usedbased on the amount of 

signal required to detect thetarget e g. the Arepeats, in the cell-free DNA from bioluid.  

f00631 noneembodiment the5'or the 3' end of the nucleic acidsequence of the probe is 

conjugated to onebionIn one embodimentthe totanumberofbotin conjugated to the nuleic 

acid sequence is 1, or 18 orany number in between. The one or more biotin can be all 

conjugated at the same 5or 3 end ofthenmceic acid probe. The one or more biotin can also be 

conjugated at both ends, in any combination. in some embodiments, two biotins are conjugated 

to the nucleic acid sequenceof the probe. hone embodiment, the two biotins are conjugated to 

the 5'end of the nucleic acidsequence of the probe 

100641 The nucleic acid probes described herein may be producedby any suitable method 

3known in the art, including for example by chemical synthesis'isolation from a naturally

occurringsourcerecombiant production and asymmetric PCR (McCabe. 1990InPCR 

Protocols: A guide to methods and applications, San Diego, Calif. Academic Press, 76-83).it 

may be preferredto chemicaly synthesize the probes in oneormore sementsand subsequently 

link the segments Several chemical synthesis methods aredescribed by Narang eta (1979 

Mhcd. Enzymol. 6890).Brownet al (1979 ME Enzyxmol68:109) and Cauthers et al. (1985 

Meth Enzymol. 14:287), whichare incorporated herein by reference. Alternativelycloning 

methods may provide a conveentcnulec acid fragment which canbe isolated for use asa 

promoter primer.Adouble-stranded DNA probe can be first rendered single-stranded using for 

example conventional denaturationmethodsprior to hybridization to the target in cfDNA in 

biofluids 

5. METHOD OF USE 

[0065 In some embodiments the methods involve linking fDNA (not previusly ampified) 

to asolid supporthybridizing a probe species for an Alu repeat to thecfIDNA, removing (e.g.  

washingaway) unbound probeand then detecting the amount ofspecifically hybridizing probe 

thereby determininthe amount of cfDNA in a sample 
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a. Obtaniing biofluid samples 
[0066j Biofluid samples g.urine or BALfromindividuals, eg., thosesuspected ofhaving 

organinjury ,can be collected in any manner recommended by a medical professional, eg ,being 

collected mid-stream, in sterile containers. in some embodaents the sample is-then processed 

through centrifugation to remove cellular components,therebyproducingacellfree saimpe 

Optionallythe sample can be mixed with a ufter (eg. PBSor Tis) and/or theabove-described 

preservation cocktail. The sample can be stored at 0 C until further analysis. In some 

embodiments, a reservative cocktail as described above isadded to thebiofluid sample to 

produce a mixture, In some embodiments, the mixtue can be aliquoted for extraction ofcfDNA, 

b, Extracting cell free DNA 
100671 Methods for extracting cell freeDNA are well knownin theat and commercial kits are 

readily available, for example, QIAamp@ Circulating Nucleic Acids Kit from Qiage Vatencia 

California)In general, the sample can be treated to degrade cell debrisand remove DNaseand 

RNase to produce a lysate, DNA in the lysatecan be extracted by esgpassing the lysate 

through a DNA binding column aid the bound DNA can be ehted wih water or buffer.  

Optionallan aliquot of the eluent can be taken to determinethe concentration of the efDNA 

recovered.  

[00681 The cfDNA is subsequently linkedto a solid support Solid supports can be a 

containingvessel,abeadorany othersolidsupport In somemembodiments the cfDNA is placed 

in a desired vesselfor example inthe welsofamicrowel plate and incubated for a period of 

time that's sufficient to allow the cfDNA to bindsurface of the wells in someembodiments, 

the incubation occurs over a period of at least one at least two, at least four hours long, 

optionally at room temperature In some enbodiments, the incubation occurs at 4 40C for at least 

8 hours-After the incubationthe vessel can be washed and blocked with.a blocking solution, 

e.g..a solution comprising% SAto minimizenon-specific binding. The blocking solution 

can comprise a burfferig.PBS). The blocking solution can then be removed betfre adding the 

nucleic acid probe for hybridizing with the targeted. theAlu repeats, 

c. Hybridizing anucleic acd probe with Alu repeats 

f0069j Hybridization assays of the nucleic acidprobe with the Au repeats in fDNAcan be 

performed in any reaction vessel, including butnot limited to amulti-well plate, e.ga 96-vell 
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piate e g..the96-wel LUMITRAC 600 (GreinerBioOne)Theassayof detecting fDNA using 

a hybydation i.e i tion of a probeconjugatedtoadetectable label whout 

previous amplification ofthe target nucleic acid is desirable compared to a PCR-based approach 

because hybridization assays are cost-effective and can be multiplexes to a highergradeeg 

384/batch) In addition, the hybridization approach allows for more complete and accurate 

quantification of cfDNA as the probe will detect all single and double-stranded efDNA in the 

biofluid irrespectiveoffragment length.  

[00701 In an exemplary hybridization assay, a pre-determined volume of DNAextracted 

fromthe biofluids as described above is allowedto bind to a support,eg. the bottom of the 

microplate wells. In some embodiments, the surface of thesupport is previously treatedto 

increase the binding affinity ofthe cfDNA to the surface of the reaction vessel In some 

embodiments, a buffer(e.g. PBS)and salt(e g, MgCI )is added to facilitate hybridization 

between the probe and cDNA. Thefinal workingconcentration of the salt can be 0:05M-0S5M, 

eg, 0 05M-02 M or 0.NI Optionally,a standard curve can be created using known quantities 

of human DNAextract.  

[00711 HybridizationofthecdDNAandthenucleicacidprobecanbeconductedunder 

standard hybridization conditions.Reactionconditions frhybridizationofaprobetoanucleic 

acid sequence vary from probe to probe, depending on factors such as probe length, the number 

of G and C nucleotides in the sequence, and the composition of the bufter utilized in the 

hybridization reaction. Moderately stringent hybridization conditions aregenerallyunderstood 

by those skilled in the art as conditionsapproximately20 C-5 C, eg 250 - C below the 

melting temperature of a perfectly base-paired double stranded DNA. Higherspecificity is 

generally achieved byenmployingincubation conditions having higher temperatures, in other 

words morestringentconditionsChapter I Iof thewelknownlaboratorynanualofSambrook 

at at MOLECULAR. CLONING:ALABORATORYMANUAL, second edition ColdSpring 

Harbor Laboratoy Press New York 1990) (which is incorporatedbyreferenceherein), 

describes hybridization conditions for oligonucleotideprobes in great detail, including a 

description of thetfactors involved and the level ofstingency necessary to guarantee 

hybridization with specifcity Hybridization is typicallyperformed in a buffered aqueous 

solution, for which conditions such as temperature, salt concentration, and pH are selected to 
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provide sufficientstringeny such that the probes hybridize specificallyto theirrespective target 

nucleic acid sequences butnot any other sequence.  

100721 Generally the efficiency of hybridization between the nuclei acid probe and target 

eg the.Alu repeats in cfDNA improvesunderconditionswhere the amoio probe added is in 

molar excess to the template In some embodiments, thenucleicacidprobe of the invention is 

dikted in 5% BSA at a concentration of between 10 gd-200 ug/gi, eg20 ngt 100 ngnd, 

30ng/ 75 ngpI, 30 ngl50 ng Lina particular embodiment, nucleic acid probe is the 

double-bioinylated and is used at the concentration of 30-40 ng/gL The nucleic acid probe and 

the DNA in the plate can be incubated to allow the hybridization of the probe and the Alu 

repeats inthe cfDNA Thewellsof theplate can then be washed (e.g. with PBS or another 

buffer) and optionally dried before detection, 

d. Detecting signal 
[00731 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 employed to produce the 

signal Asdescribedabove insome embodiments, the detectable label itself is a signal 

producing agent thatproduce a signal which canbe read directly using appropriate equipment.  

Ar example a platereader. nsoi ebodimentsthe detectable label producessignal 

indirectly, asolution comprising a binding partner of the label that is conjugated toa signal 

producing agent is added to the plate to produce the signal. Thesignal producing agent include, 

for example, enzyme or enzyme substrates, reactive groups, chromophores such as dyes or 

coloredparticlesuminescent moieties including bioluminescent, phosphorescent or 

chemiluminescent moieties, and fluorescent moieties. In one embodiment, the detectable label is 

biotin and the binding partner is streptavidinand the signal producing agent is horseradish 

peroxidase (HIRP) In this particularembodiment the signals a chemiminescentsignalwhich 

can be readily deeatedand quantified by methods well known in the at.  

e. Detecting creatininelevels 
[0074] The quantificationof fDNA disclosedherin can be combined withmeasurement of a 

urinepotein In one specific embodiment the urine protein is creatinine Creatinine can be 

measuredusinig the Jaffereaction, an absorbance based method Commercial assaysfor 

measuring creainine are aly availablesuch as the QuantiChromTCreatinine Assay Kit 

(BioAssaySystems),which produces an output in mg of creatinine / deciliter of urine.Seee g, 
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wwwebioassaysyscomhDatasheet/DITpdfhi someembodimentsurinecreatinne 

measurementsaretaken before or aner extracting and quantifying fDNA inthe urinesample.  

in some embodimentsurine creatinine measurements andeDNA quantification are pertrmed 

in the samen icrowell plate (but different wells), byeg placing urine sanplesformeasurin 

creatinine in the same microplate as the cfDNAs extracted fromithese urine sampes.Measuring 

the creatinine andcefDNA in the same plate/assay saves time and cost as compared to 

conventionalPCR methodswhich requires one assayto read the amount of ampliFcatioa 

product of the fDJNA and oneassay to read creatinine level 

fI Detecting additionalnmarkers.  
100751 Additional known markers can be measuredto further improve the sensitivity and/or 

specificityof detection oforganinjury In some embodiments, theadditional markers comprise one 

or more tissue inflammatoymarkerseg. CXCLO0e ( inflammation in the kidney In some 

embodiments CXC10 is detected and quantified.Methods for measuring CXCL0 is we 

known; forexample, using a sandwich EUSA approachwhere a capture antibody adsorbs onto 

the plate first and thensample is added to allow the CX 41inthe sample to be captured 

Afterwards, a detection antibody isadded that will bind the captured CXCL.0. This can be 

detected using the usual secondary antibody HRP coniugationapproacheswell known in the 

literatu.Astandardcurvewouldbe generate with standard concentrationsofpurified 

CXCL10protein. Commercial kitsare readily available formeasuringCXCL0,for example, 

Human CXCIl0iP-10 Quantikine ELISA Kit from R & Dsystems. UrineXCLO can be 

measured before or after thecifDNA measurement.Urine CXCLI0 can also be measured in the 

samenmrowell plate asceiDNA by e coating CXCL10capture antibodyindesignated wells 

in thenicroplane fost and placing urine samples formeasuring CXCL0 in these designated 

wells.  

[00761 in addition, differential methylation status of the ctDNA inurine adds additional 

smigicance forkidney injury and markers correlated with methylaonstatuscan be measured 

and added to the assay described above Or detecting kidneyinjury.Thusin someembodiments 

theaddiional markers comprise one ororre DNA methylation markers, inoneparticular 

embodiment, the DNA methylation marker is 5-emthylcytosinethat is incorporated into the 

nucleic acid in the sample.  
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100771 DNA methationmarkers can be detectedandquantifiedusinganELSA-sed 

approach, Commercial kits that are used tomeasurethe DNA methy on markersare readily 

availablefor example, the MethyFlashiUrine MethyicytosineC5-mC) QuantificationKit from 

EpiGentek that is used to measure the amount of5-methylcvtosine incorporated in the DNA.  

Briefly, a platethat has methylated DNA isincubated withthe sample and an antibody that 

recognize the methylation marker This solution is allowed to incubate and is then washed and 

further detected with a detection antibodyand/or substrate.  

[00781 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 assay to measure total protein is a 

colorimetricassay e g. the Bradford protein assay 

[0079J in some embodiments, the additional markers comprise clusteriuClusterin is a protein 

that is associated with the clearance of cellular debris and apoptosis The presence of custerin 

can also be detected and measuredusn aEL A-based assaysuch athe HumanCsterin 

uoSetELBA.Like other sandwich ELSAs, a plate with capture antibody against Clusterin 

bound to it is incubated with urinesamples optionaly diluted in sample diuent. A detection 

antibody also against Clusterin is then incubated with the plate and an HRP-detection system is 

used to measure absorbance 

g. Optional reagents and devices 
[00801 Themethodsmaybeusedinavarietyofassaydevicesand/orfomatTheassay 

devices may include,e.g, assay plates, cartridges, multiwell assay plateseactionvesses test 

tubes, cuvettesflow cells assay chips, lateral flow devices, et, hWing assay reagents (1hich 

may include targeting agents or other binding reagents)added as the assay progresses orpre 

loaded in thewellschambers, or assay regions of the assay module.These devices may employ 

a variety of assay formats for specic binding assays, eg, immunoassayor 

immunochromatographic assays iustrativeassay devices, eg.,microwell plates and formats, 

96-well plate format, are described herein below, 

100811 In certainembodimentstheethods canempoyassayreagentsthat are storedin adry 

state andthe assay devies/kits may further comprise or besuppliedwvith desiccant materials for 

maintaining the assay reagents in a dry state. The assay devices preloaded with the assay 
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reagents can greatly improve the speed and reduce the complexity of assay measurementswhile 

maintaining excellentstability duringstorageThe assay reagents mayalso include substances 

that are not directly inolvedin the mechanism of detection butplay anauxiliaryrole in anassay 

including, but notlimited to, blocking agents, stabilizing agents,detergents, salts pHbuffers 

preservatives, etc. Reagentsmay be presentin free form or supportedonsold phases including 

thesurfaces of compartments(eg, chambers, channels, flow cells wells, etc)in the assay 

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

100821 In some embodiments the methods described above can beperformed ina lateral flow 

assay (LM), LFA depends on the capillary action ofa fluid sample drawn across a pad that 

contains capture reagents to the antigen of interest. In some embodiments, the biofluid sample is 

mixed upon applicationto a device, e.g.a dipstick or a teststrip ,with reagents that are either 

purified antigen of interest bound to a visible marker (eg colloidalgold) in a competitivefornat 

or an antibody that is bound to a visible maker and recognize an antienofinterest in the 

biofluidsampleinanon-competitiveformatThe antigen of interest can beany molecule in the 

bioid sample, for example,any of the markers disclosed in this application. such as creatinine 

cfDNA methylation markers,CXCL10,and/orchusterinIn some embodiments, a competitive 

format of LFA is used to measure the creatinine andor methlation markers. In some 

embodiments, a non-competitive format LFA is used to measure cfDNA (XCE10 and/or 

clusterin.  

6, DETERMINATION OF ORGAN INJURY STATUS 

a. Determining organ health based onthe amount of cfDNA 
10083 In some embodiments the determination organhealth ofan individual comprises 

comparing the amount of fDNA in the biofluid sample to acutoff value or predictive 

probability estimate indicative of organ injury status The cutoffvalue can be a pre-determined 

value or predictive probability estimated g.a value recommended by medical professionals 

Dependingon circumstancesitay e necessary in some cases to establish a cutoffvalue Bfor 

the determination. Toestablishsuch a cutoff vah practicingmethodsdiclosedherein,a 

group of healthy individuals, such as a group of individuals who do not have organ injury after a 

organ transplantation is selected.These individuals are within theappropriateparametersif 

applicable, for purpo ofdterining organ injury statususnthe methods ofthe present 
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invention For instance, the individuals may be of similar age gender, andcompaableheah 

status.  

100841 insome embodiments; toassess kidney injury, the detectedamount of cfDNAi e- the 

amount of DNA hybridized to the nucleicacid probe inurineisfirstnormalizedtotheamount 

of -rine creatinine to produce a nonalized amount of DNA Insom cases,thenormalized 

amount of cfDNA isa ratio of the detected amount of fDNA to the amount ofcreatiainein 

uine. To deter ie thekidney injury status, the normalized amount of cDNAis comparedto a 

cutoff value which is also a relative ratio of the efDNA amount to the creatinineamountin 

urine, as determined to be indicative of kidney injury status by medical professionals or 

established as describedabove.  

100851 if the amount of cfDNA or the normalized amount of cfDNA in urine is higher than its 

respective cutoff value, the patients determined to have kidney injury; in general, a higher value 

indicates a higher degee of kidney injuryInsome cases, if the amount of fDNA or normalized 

amountofefDNAis higher than but near thec utoff value, the patient is determined to hae 

subclinical injury.if the amount ofcfDNA or the nomalized amount of cfDNA in urine is equal 

to or lower than its respective cutoff value, the patients determined to have no kidney injury 

i.e good kidney health. For patients who have receivedkidneytransplantsdetection of kidney 

injury from urine indicates they are likely to have acute rejection episodes For patientswho are 

suspected of having certain kidney disease, in some embodiments detection of kidney injury 

indicates the patients are likely to have the kidney disease.  

0086) Incontrast to conventional methods ofdetectingcI DNA in the blood, which would be 

contaminated with cfDNA mostlyfromn the recipient of the kidney transplant, fDNAdetected in 

the urine specifically reflectsdonor-derivedDNAeven when testingifrtotal cf)NA. Figure 

shows the correlation between chromosome Y and chromosome I copy mnber in the urine The 

strong linear corelation(R 09253) indicates quantificationof total fDNA reflects the donor

derived burden and corr yrefectsthe kidney injury status due to the kidney transplantation 

b. Deteirining organ injury status for organ transplantation patients using a IT score 
100871 In certain embodimesa predictivescore,i.e. ITscore, is used to diagnose whether 

patient who has received an organ transplant nay have organ injury, or to predict the likelihooda 
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patient will develop organ injury in the fture Organ injury developedafter organ transplant is 

ypcallyassociated with acute rejection episodes to the transplanted organ 

100881 The ITscore can bea compositevaluethat can be calculated based on the amount of 

cflNA in a biofluid sample from the organ and a factor normalizingfactor") that can be used 

to normalize the amountofflDNA in the biofluidsample nonee embodiment the amountof 

creatinine is usedtonormalizethefDNAinurine.anotherembodimentthe sample volume 

of the BA L is used to normalize the cfDNA in BAL fom lug The IT score may also include 

the time point e. days post-transplantationwhenthe biotuid sample is taken. The time post

transplant can be a confounder of organ iury because patients often experienceinjuries that are 

not necessarily due to therejection to the transplanted organ, for example the ongoing 

uephrotoxic injury to the transplanted organ from ischenia reperfusion and nephrotoxic damage 

due to infections and cacineurin inhibitor dru exposure Theseinjuriesarenotindicativeof 

acute rejectionand the extent of such injuries mayvary at different tine points post 

transplantation. Thusthe ITscore, taking the time includes time point post transplantation, can 

accurately predictwvihether the patient has acute rejection episodes to the transplanted organ.  

[00891 In some embodimentsmeasurements of cfDNA in the biofluid sample may be 

combined with other biomarkersin the bioflid sample totsbrm the IT score that can be used to 

diagnose and/or predict organ injury. In some embodiments multivariatem methods can be used 

to incorporatethese other biomarkers egt to CXCIO and DNA methylation markers to 

calculate the ITscore, In some embodimentsc fDNA concentraions are normalized relative to 

the amountof creatinine in the sample by taking the ratio offNA to cratinine or scaling the 

logarithmic measurements of cfDNA.and cratnineroportionately (e.g.. through regression 

analysis). In soniembodiments.fDNA concentrations are normalizedrelativeto the sample 

volume of BAL by taking nthe ratio of EDNAto thevoluie or scaling thelogarithmic 

measurementsof eDtNA and volume proportionately (eg. through regression analysis) In some 

casesthe geneated values areregressed usinenera ized linear models incorporating a 

quasibinomialdistribution and a logistic link function Inisoe icasesthe resulting model 

probabiliy estimatesor acute rejection are resealed fron0 100 to form theIT score and used 

to generate predictiveness curve Figure12 shows an illustrative embodinentwhich displays 
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the probability ofacute kidney rejectioninkidney transplant patients as a function of the 

resulting a iT scorefrassessing kidneyinjury(KIT").  

100901 in some embodiments, anIT scoree.g a KIT score, can beusedt predictor diagnose 

organinjurywithhighspecificityandsensitivityInseembodiments theITscore is 

generated by includingthe anouin of cDNA, the amount of DNA metylationmarkersandor 

inflammationmakes present in the biofluid sample from the organ that is suspected of having 

injury or being likely to develop injIuryIn the future in someembodiments ,the IT scoreisa 

KIT score for assessingkidney injury In some embodiments, the KIT score is generated by 

further including the amount of'creatinine and/or the amount of a kidney tubular injury marker 

(eyg, clusterin)In soneembodiments, the IT score producedby includingmultiplemarkers as 

described above can detect organ ijury with a sensitivity of at least 85%, at least 87% at least 

88,, at least90%atleast91%,atleast92%,atleast93% atleast 94 at least 95% and/or a 

specificityof at least at least85%, at least 87%at least 88%, at least 90% at least 91%at least 

92%, at least 93%, at least 94%, at least 95%. some embodiments,using the K score 

desnbed aboer can detectkidney jury with aAUC ofat least , at least 87 at least88°.  

at least 90,at least 91 %, at least 92 at least 93% at least 94%'t, at least 95%, at least969%, 

or atleast 99 4%.Figure 13 provides an illstrative embodimentwhich displays a IT score fur 

assessingkidneyinjry(KT")basedonadatasetof490c clinical patient samples with multiple 

causesof kidneyijury. The resultingKIT score is based on a subset of' 99 clinical patient 

samples thathad complete measurements oft'DNAcreatine, CXCL10 Clusterin, Protein, and 

DNA methylation markers; I Itype i1 diabetes meilitus, 71immune, 50 kidneystones 20 

transplant rejections 1hypertension and 28 control. The resting K Tscore has over 91% 

sensitivity ad specificiy fordetection of kidney injury(AUC 969% 

[00911 In some embodiments, mathematical models/algorithms are used to developthe IT 

scores using the amountof cDNA and one or more markersasdescibed above. Such models 

may include generaized linearmodels, such as lostic regression;and nonlinearreression 

models, such as neural networks, generalizedadditivemodelssimilarityleast squares. and 

recursive partitioning methods, in some embodiments, the mathematicalmodels/algorithmstat 

are used to generate theIT scoreare executed by one or more computer processors. Preferably, 

the mathematical models used to develop the IT scores are based on a database comprising 
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sufficientsamplesize Insomeembodiments,the database comprises at least 50 at least60, at 

least 70, at least 100, at least 200 at least 300 or at least 400 samples Figures 14a -14e 

provide anillustrative embodiment ofusinggeneralized linear model fits and associated ROC 

curves to provide the probability ofkidneyinjuryaswellas the probability ofkidney injury due 

to each diseasecauset namely type diabetes iellitus immune response, kidneystones 

transplant rejection. and hypertension. In one specificembodimentas shown in Figures 14A-E 

the resulting algorithm has over 92% sensitivity and specificity(A UC > 94%for detection of 

each cause of kidney injury.  

100921 In some embodiments, a cutoff value for the IT scores can beestablished by measuring 

markerspresentin biofliid samples from the same or similar types of organs from a group of 

healthy individuals, such as a group of individuals who do not have organ injury after an organ 

transplantationisselected These individuals are withinthe appropriate parameters if 

applicable, forte purpose of determining organic jurystatususingthe methods of the present 

invention. For instancetheindividuals may be of similar age, genderand comparable health 

status. The cutoff value of theIT scores is then produced using mathematical models and/or 

markers that are the same as those usedtogenerate the IT scores for patients to be tested 

10093] In some embodiments, muivariate methods have been used to incorporatemultiple 

biomarkers eg toCXC10 and DNAmethylation markers, with cfDNA and creatinine to 

further refine the KIT score and the KIT score can besed to diagnose and/or predict kidney 

injury that has been induced by multiple clinical conditions such as diabetes I, diabetes II kidney 

stonescancer, and immune complexes such as IgA nephropathy.  

[00941 Anumberof ways can be used toproduce theKITscore.Insoicembodiments a 

cutoffvalue of the cfDNA/creatinine ratios is first determined based on normalized CDNA 

values (eg., normalized to creatinine levels) from urine samples from kidney transplant patients 

whohave not shown rejectionThese urine samples can be collected atpredeterminedtime 

points overapost-transplantation period. KIT scores fra patient can thenbedeterminedbased 

on the patient's normalized cfDNA.values. Such normalized values can then be compared to 

cutoff values for those timepoints to determine whetherenormaized values are predictive of 

healthy or diseased kidney function. Sch comparisonscan be performed .on a computer if 

desired.  
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10095j In some embodiments,the cutoffvalue is the fDNAcreatinineratios inpatients who 

received kidney transplantationibut who have not shown organ iury at respectivetiime pointsin 

a post-ransplantationperiod, In some embodiments, a prediction band ofnonnalized fDNA 

levels can begenerated and a patient s actual nornalized cDNA value can be compared to the 

vae in the prediction band correspondingto the sametime pontostransplantation The 

prediction band can be establshed in a variety of ways In some embodimentsanumberof 

stable, non-rejecting patients were examined over tine and an exponential decay curve was fit to 

the fDNAlcreatinine values with respect to time post-transplant The prediction band was 

subsequently generated based on a prescribed probability to cover the values of future 

observations from the same groupqthat was sampled For example 95% predictionband.  

consists of upperlimits ofeDNAreatinine ratios from 95% of stableonrejectingpatients 

examined at various time points post-trasplantation.The KIT score at a particular time post

transplantation is then determined based on the actual measurements of ceDNA/creatnine and 

the prediction band value corresponding to thattimepoint 

[00961 In some approachesthecDNA values relative to the creatinine values are processed 

into other forso formation gby using either common mathematical transformations such 

as logarithmic transforms, or statisticalmodel such as logistic or generalizedlinear models

Other data processing approachessuch as normalization of theresults in referenceto a 

PoPuLaions mean values et are also wellknown to those skilled in theart and can be used, 

[00971 The KIT score is typically a numerical score on defined scaleor within a defied 

range of values TheKITscocan be compared with a cutoffvalue of theKIT scores that's 

predictive of whether the patient has acute rejection episodes. If theRHT score is above the 

cutoffvalue ofthe KIT scores patient is predicted to have kidney injury, ndicating lie or sheis 

lkely to have acute rejection (AR) episodesIn some casesa higher KIT score indicates a higher 

degree of injury due to the AR episodes. For example, in the case where ie KIT score is the 

logarithm of the patents cIDNA/creatinine ratio divided by the cutoff value of the ratiothe 

cntoffvalue of the KIT score is 0.  

100981 The KIT score is highly predictive of organjuries associated with acute rejection and 

can be used to determineithe patient has acute rejectionepisodes.$eeFigureSAReceiver 

operating characteristic curves (ROC) analysis of showed thatAUC of ROC curve for detecting 
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acute rejection using the KTscore was 09649, with a p- value of0 0001 anda 95% confidence 

interval of 0934649952, indicating the method is highly sensitive andspecific Figure 5B in 

contrast, the conventional kidney ijmy prediction method.i.e ,detecting proteinuriahad a 

much lowerAC of 0498, withapvalue 00779 and a confidenceinterval of 05032

07963. The significance of difference was tested using MNemarsPaired ci-squae from 

results from the same set of patients.The p-aale was 0021 suggesting that KITis providing 

information above and beyond protein and thatthey are significantly different withrespectiveto 

sensitivity.Thisconparison suggests that KITmethod is more acute than the proteinuria method 

in determining acute rejection 

MvcNemar Test results: 

KiT &Protein 

Protein 

Lis 7 17 

Teso Stat-is 

KITaPre&in 

N 7 

AympSig. .021 

a McNemarTest 

.CGntNuitf corrected 

100991 In some embodiments the KITscoreis generated by further including Measurenents of 

otherknown kidneyinjury markers in addition to the ctDNAitreatinine ratios, at various time 

point post-transplantation increase assay sensitivity. These markers inchide but not limited to 

CXCIL0 and DNA methylationmarkers, as described above. For any biomarkerof interest 

longitudinal trend curve can be generatedfor eachofthese biomarkers and an exponential decay 

curve i.e. a 90% or 95% predication band, can be established in a manner similar to what is used 

to generate the prediction band for the ceDNA/creatinine ratios.  

28



WO 2018/035340 PCT/US2017/047372 

10100I Approaches similar to what is disposed above .e methods of generating a KIT score 

and using the generated KIT scoreto assess kidney injuy can be used to produce KIT scoresto 

assessinjury of'any other organe.g., injury developed after an organ transplant.  

[01011 Thus, the present invention can be used to convenientlyniontor organ transplant 

patientsfrorg aninjuresassociatedwih acute rejetionepisodes by either using DNA 

normalized amounts (e.g normalized to creatine leave) or the IT scores coresponding to 

designated tim pointsovera period of ue postransplantaion.Theperiodcanbeofany 

length as deemed necessary by the treating physician, e.g., at least 20 days, at least 50 days, at 

least 100 days, at least 150 days, at least 200 days, orat least 400 days, at least 500 days, or the 

life time of the transplantedkidney-. Measuring efDNA and creatinine can be performed at any 

frequency as deemednecessary eg.atleastonceyear atleasttwice a year, at least every three 

months, atleast every two months, or at least every one month or at least every20 days or at 

least every 10 days.Patients who are so determined to have acute rejection episode can be 

treated as soon as possible, for example, by administering immunosuppressant drugs. Non

limiting examples ofi hmunosuppressant drns include calcineurin inhibitors, such as 

Tacrolimus and Cyclosporine; anti-proliferative agents;such as Mycophenolate Mofetil, 

Mycophenolae Sodium and Azathioprinem TOR inhibitors such as Siroliius steroidssuch as 

Prednisone andinduction agents such as thymoglobulin IL2R blockade or belatacept On the 

other hand iffthe IT score is equal to or belowthe cutoffvaue, the patient is determined to have 

no kidney injury and thus no intervention is needed If a patient hasaITscore neartheceutoff 

value, the patient is determined to have subclinical injury, The ITscores can assist the treating 

physicianstodeterinewhetherthekidneytransplantationwas successful and whether and 

whenintervention is needed Inaddition, patient specic trend of the IT score can also be 
analyzed to detenine whether any clinical intervention is needed. For example.a trend of 

increase in theIT scoressuggeststhatthe patient is devoping acuterejetionepisodesand 

theretrethclinical.interventionmay be necessary.  

c. Detectingkidneydiseases 
[01.021 In the cases of kidneyinjury associated with kidney diseases, the KIT score is not 

applicable, and the determination is based on theIDNAcreatnine ratioasdescribedabove; n 

some cases,the addition of other biomarkerss e g . CXC.10 that can be ultiplexed onto the 

DNApatemaybe appliable increasing apredictive model for the detection. The methods can 
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be used to detect kidney diseases such as focal segmental glomeruoslerosis(FSGS),IgA 

nephropathv,and early diabetic kidney disease.BKviral nepritis(BKVN), focal segmental 

glomelndosclerosis (FSGS),gomerulonephritis (GN), acute tubular necrosis ATN)IgA disease 

anddiabetic kidney disease. Fig,4C shows the use of fDNAcreatinine ratio toseparate 

patients havingBKVN fronithose not having thedisease 

d. Computer and smart phone devices 
101031 In someembodimentssignals fromthe one or more markers described hereineg 

cfDNA, creatinine, eAgas detected from a lateral flow assayare tansmitted to a computer 

device, a camera, ora smart phone. in someembodiments the signals are tranmitted to a smart 

phone app for processing.  

EXAMPLES 

EXAMPLE 1. THE PROBE TARGETING THE ALU ELEMENT 

[01041 To provide more complete coverage ofthe cIDNA repertoire in the biofluid, a length of 

<100 bp were selected forthe nucleiciacid probe targeting the Arepeats so thatbothlongand 

very short fragment lengths of cfDNA could he captured. In thisparticular assay, the probe 

length was 81 hpigure2ahhough ashorter length such as that commonlyemnployed by PCR 

primers of 1-22 bp should work as well 

10105i Reference ALU sequence (SEQ IDINO:l) is listed below and the 81 bp site (SEQ ID 

NO:2) targeted for theAlu probe is highlighted in bold 

5'GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTIGGGAGGCCGAGGCGG 

GCGGATCACCTGAGGTCAGGAGTTCGAGACCAGCCTGGCCAACATGGTGAAACCCC 

GTCTCTACTAAAAA TACAAAAATTAGCCGGGCGTGGTGGCGCGCGCCTGTAATCCC 

AGCTACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCGGGAGGCGGAGG 

TTGCAGTGAGCCGAGATCGCGCCACTGCACTCCAGCCTGGGCGACAGAGCGAGAC 

TCCGTCTCAAAAAAAA-3' 

[01061 Biotin was selected due to wide availability of reagents that are compatible. However, 

anynumberof amplification schemes, such as digioxigenin-antI diioigenin antbodies or even 

direct HRP conjugation would work 
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101071 Dualbiotinylated-oligonucleotidecomplemetarytotheAluelementwasdesignedand 

synthesized (524iotin/GCCTGTAATCCCAGCTACTCGGGAG(CTGA 

This was used to quantiffDNA using acheluminiscence baseddetection system using 

streptavidin-IRP and chemiluminescent substrate (uperSignaltMELISA Femto Substrate) 

solutions (Figure3).  

101081 Chemilaminescence was chosen because itis the most sensitive method available in a 

nicrowellfor HRP detection (Figure 4),although colorimetricand fluorometric methods will 

work. Colorimetricethods have also proved satisfactory 1-owever colorimetricmethods also 

take longer to incubate and produce resuhs.  

EXAMPLE. TESTING TIE EFFECTIVENESS OF THE DNA STABILIZATION 

SOLUTION 

01091 Inorder to test theeffectiveness of DNA stabilization solution inurine containing 

sonicated genomic DNA we puified genomic DNA from wholeblood using QiaMP DNA 

Blood Mini Kit(Qiagen andsonicatedit for 10 miin using a Model 550 probe Sonic 

Dlismemibrator(ThermoFisherSientific) on intensity setting 3.Cycles were setat 10 seconds on 

and 20 seconds offSamples wereun on I% gel electrophoresis to establish fragment sizes 

approx. 150 to 250 base pairs obtained, With sonication, we achieved DNA fragments of 

approximately 150 to 250 base pairs in size, a range that best representsfDNA in transplant 

rejection(Figure 1)Next weformulatedapreservationsolutioncontaining10g/LDiazolidinyl 

Urea, 20gL polyethelyene glycol, 1mM aurintricarboxylicacid 10 iM K2EDTA, 10mM 

sodiunazide and 1X phosphate buffered saline, p7.4, An experiment was designed to test the 

effectiveness of DNA preservation solution in preserving the integrity of DNA Fragmented 

genomic DNA (approx-size- 150 to 250 base pairs) wasadded to 1000 1 L tubes containing urine 

with and without preservationsolutio. The experiment was run in parallel at4C and at room 

temperatureFigure1showselectilopherogramsthatdemonstrate how in the absence of DNA 

preservative solution the DNA degrades and disintegratescompletely over a period of 72 hours 

whereas DNA preservation solution helps maintain DNA integrity up to 72 hours.  
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EXAMPLE 3. DETERMINETHE ACUTE REJECTION STATUS FOR KIDNEY 

TRANSPLANT PATIENTS 

a, Samplecoection 
1O1101 Urine samples from three patients (patient 143) having received kidney transplant 

were ollected inid-stream, in sterile containers at different time points duringthe period Post 

transplantation, The uine samples from patient were taken at day 1, 16, 22, 51, and 180; 

urine samples from patient42 were taken at day 23day 41, and day 103 and urine samples from 

patient3 were taken at day 100 day 132 day 185, and day3 T At listed time poitin 

addition to collection of urine, a biopsy istaken to onfirm the acute rejection For example the 

listed time poit for patient H1 in this study is day 22 The urinesample was aliquoted into 2 nL 

forextraction withthe QiaAmpCirculating NucleiceAcids Kit (Qiagen)following the 

manufacturer's instructionswithan eution volume of 20 PI in lo 

[0111 Using a whiteopaque ELAplatesuch as the 96-wellLUMITRAC 600 (Greiner Bio

One, 5 microitersof the eluted cMNA ere plated onto the plate, either singhate,duplicate, 

ortrplicateasneeded. To these sample wells 10 microliters ofa 5X PBSand. 5M Mg1 

buffer were added and then 35 microliters of molecular grade 1Owvas added for a total of 50 

incroliters per well To create a standardcurve known quantities of human DNA extract were 

added in duplicate in a titration series of 13from 200,00 to ~12 GE/mL where a GE genomicc 

equivalent) is defined as 6. pg of human DNA This was aso in the same buffer a fal 

working concentraion of X PBS and 01M MgCI.  

[O112J ThecfDNA plate was incubatedovernightat 4C or for a minimum of 2 hours at RT 

shakingat 300 RPM. The liquidwas then discarded and the pltewasdedviapattingagainst 

absorbent paper towels. The plate was then blocked in 5% BSA in PBSwith 300nicroiters per 

wellfor a inimumn of 1 hour at RT shaking at 300 RPM The liquid was then discarded and the 

plate was dried via patting against absorbent apertowels The plate was thenincubated in 50 

microliters of our double-biotinylated Alu olgonucleotde probe diluted in the 5%BSAata 

concentrationof35.56ng erotsThis was allowed to incubate for a minimum of I hour at 

RT shaking at 300 RPM Theliquiditthendiscarded and then thewells werewashed with 300 

nMroliters of IX PBS the times Thash was thendiscarded and the plate was dried via 

atingaainstabsorbent paper towels. The plate was then incubated in 50 microliters of 

streptavidin-IRP diluted 1200 per nfacturer'sinstructions in 5% BSA and allowed to 
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incubate for no more than I hour at RT shaking at 300 RPMThe liquid, is then discarded and 

then thewells were washed with300milcroliters of IX PBSthree times, The wash was then 

discarded and the plate was dried verythooughly via patting against absorbent paper towels, 

150 ' of SuperSignal ELAemt cheniluminescent substrate solution (ThermoFisher)was 

then added to eachwellThe plate wasanalyzedupon Iinunate of mixing basedontotal 

luminescence.  

[0113 Thegeneratedvalueswerethenreressedusinga5-parameter sigmoidcurve fit such 

as thatprovided in GraphPad Prism and the resultant cell-free concentration values were 

corrected for the dilution done in the microwellas well as the concentrationdonefrom2mLof 

urine to 20 pofeuate 

101141 Creatinine wasmeasured using theQuantiChrom Creatinine AssayKit (BioAssay 

Systems) according to manufacturer's instructions, see 

httpsgswwwabioassaysys com/Datasheet/DiCpdf.  

b. Determining the cutoffvaie of fDNA/creatinine ratio 

fO0lS) Prior to thestudy involving patients #143,cutoff values offDNA/cretinine raios 

were established based on data from nine (9) patients, who receivedkidney transplant anddid 

not have kidney injury as confirmed by biopsy. fDNA and creatinine amounts fromurine 

samples fro these 9 patients were determinedas described herein Theurin creatininev aues 

were first converted to mg/mL and the el-free DNA values are divided by this creatinine 

measurement to produce cfDNAicreatinine with units of[GE/ig),wherein a GE (genomic 

equivalent) is defined as66 pg of hunmanDNA Th cfDNAcreatinineratio vsthedays post 

transplantation was plotted as shown in Figure 7 anda 95%prediction band (the dotted line) as 

dependent on time-post-transplantwas modeled asan exponential decay curve with following 

equation.  

fDINA/eatinine [GE/mg] 10^((5612-4007)*EXP(-0.05977*(Days Post

Transplant))+4.007)!l00.  

[0116] Each data point inthis onesided95% prediction nterval corresponds to the estimate of 

the upperlimit of thec fDNA/creatnineratiosthat, with95% confidenceIs predicted to be 

higherthanefDNA/creainineratiosfrom95%offuturenon-rejectin patients at the same time 
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point posttransplantationThe urine creatinine values werefirst coneted to mg/mLand the 

cell-freeDNA valuesare divided by this eatininemeasurement to produce fDNA/creatinine 

with nits of GE/mg]njThe cDNAcreanine ratio was plotted against days post 

transplantation. Figure 8A, KITprediction scores were calculated asdescribedaboveand 

plotted against days post-transplantationFigure B Although between the first and second 

points the cfDNAicreatinieratio drops(Figure 8A), the prediction scoreshowed that that 

relative riskactuallyincreases prior to the biopsy-conFnrmed acute rejection episodeF igure8B) 

KfT was above zero at time point22,indicating that patient #1 had kidney injury and acute 

rejection episodes. The acute rejection status was confirmed by the examining the biopsy taken 

atthelisted time point. Patients #1-#3 were all given animmunosuppressant after thelisted ime 

points:Tacrolimus,MMF, steroidsto patient #1,Tacrolimus, MMF, Steroids to patient #2, and 

Tacrolinis and Sirolimus to patient#3 

101171 cfDNA/creatiineratios of patients #2#3 for urinesamples were plotted against days 

post-transplantationFigures 9A and 9B For both patients, acute rejections were predicted using 

the method disclosed hereinat a time point prior toisted me point, when they were confirmed 

by biopsy Additionally, as shown in Figure 9BOthe administration ofaimmunosuppressant 

from the listed time point thereon caused the tDNA ratio to decrease intothestable region, 

indicating successful treatment Clinical determinantsof graft injury can be made on thebasisof 

an absolute elevationinthefDNAvalue above the determined threshold as well as anincrease 

in the cDNAburden over time using patientspecifcthreshold dataA graft injury is presumed 

to result from sub-optimal immunosppressionexposure, an abnormaL elevated cfDNA result 

could trigerthefollowing clinical actions) retuof patient to linic for closerfollowup;2) 

consider an earlier protocol biopsy in a patient scheduled to have one; 3) consider an indication 

biopsy to evaluate for subclinicaiacute rejectionand/or other cause of a injury; 4) a change 

in immunosuppressiondrug type or dsing. Conversely, a low stable OTDNA result could trigger 

the ilowinclinical actions ) reduce Clinic followupfequency 2 avoidunnecessary 

protocol biopsies thatare done to look for sub-clinicalgraftinjury3) change in 

inmunosuppression drug type or dosing.  
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EXAMPLE 4. OF DETERMINING THE REJECTION STATUS FOR LUNG TRANSPLANT 

PATIENTS.  

101181 Bronchoalveolar lavage(BAL)fluaidsamplesfrom 76patients having received lung 

transplants were collected insterile containers either during stable periodor during rejection 

episodes. The BAL fluid was aliquoted into 400 gL for extraction with the QAamp 0irculating 

Nucleic Acids Kit (Qiagen) following the manufacturer's instructionswith an elution volume of 

20 pL in H T ihe cfNA was measured as disclosedin ExampleT2 

[01191 The generated valueswereregressed usingaparameter sigmoid curve fit, such as that 

provided in GraphPad Prism and the resultant cellfreeconcentrationvalues were corrected for 

the dilution done inthe microwell asWell as the concentration done from 400 pl of BAL fluidto 

20 pL of eluate.  

[01201 The normalizedefDNA concentrations from BAL fluid were compared between stable 

and rejection patients Figure 10. The meanlevel of ceDNA in the reection patients was 

significantly higherthan in the stable patients. An abnomal, elevated fDNAresult could trigger 

similar clinicalactions as disclosedin Example2, 

Example 5 deteriningkidneyinjury status using a KIT score 

101211 Figure 13 provides an ilustrative embodiment which displays a ITTscore for assessing 

kidney injury ("KT) based on a dataset of 490 clinical patient samples with multiple causes of 

kidney injury. The resulting KIT score was based ona subset of 299 clinical patient samples that 

had complete measurements ofcfDNA, creatinineCxcL0, lusterin, Protein, and DNA 

methylationmarkers; :l type 1 diabetes mellitus,71immune,50kidney stones,20transplant 

rejections,19 hypertensionand 28 controls The resulting KITscore had over91%sensitivity 

and specificityfor detectionof kidney injury (AUC= 969%), Figures 14A-E provide results of 

generalized linearmodelfits and associated ROC curves. These resuhs illustrate that in addition 

to displaying theprobability of kidney injurythe underlying algorithm can accurately provide 

the probability of kidneyinjury due to eahdiseasecause; namelytype diabetesmellitus, 

immune responsekidney stones, transplant rejection. and hypertension For these datathe 

resulting algorithm showed an over 92% sensitivity andspecificity (AUC> 99.4%) for detection 

of each cause of kidney injury, 
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[0122] It is understood that the examples and embodiments described herein are for illustrative 

purposes only and that various modifications or changes in light thereof will be suggested to 

persons skilled in the art and are to be included within the spirit and purview of this application 

and scope of the appended claims. All publications, patents, and patent applications cited herein 

are hereby incorporated by reference in their entireties for all purposes.  

[0123] Where any or all of the terms "comprise", "comprises", "comprised" or "comprising" 

are used in this specification (including the claims) they are to be interpreted as specifying the 

presence of the stated features, integers, steps or components, but not precluding the presence of 

one or more other features, integers, steps or components.  

[0124] A reference herein to a patent document or any other matter identified as prior art, is not 

to be taken as an admission that the document or other matter was known or that the information 

it contains was part of the common general knowledge as at the priority date of any of the 

claims.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method of diagnosing-kidney injury, the method comprising: 

(i) obtaining a urine sample; 

(ii) contacting cfDNA from the urine sample with a detection reagent to measure cfDNA from 

the urine sample and measuring an amount of the cfDNA contacted with the detection 

agent, wherein the detection reagent is a nucleic acid probe, and wherein the cfDNA is 

not amplified prior to contact with the nucleic acid probe; 

(iii) contacting an inflammation marker from the urine sample with a detection reagent to 

measure the inflammation marker from the urine sample and measuring an amount of 

the inflammation marker contacted with the detection reagent, wherein the 

inflammation marker is CXCL-10; 

(iv) contacting an apoptosis marker from the urine sample with a detection reagent to measure 

the apoptosis marker from the urine sample and measuring an amount of the apoptosis 

marker contacted with the detection reagent, wherein the apoptosis marker is clusterin; 

(v) contacting creatinine from the urine sample with a detection reagent to measure creatinine 

from the urine sample and measuring the amount of creatinine contacted with the 

detection reagent; 

(vi) contacting total protein from the urine sample with a detection reagent to measure total 

protein from the urine sample and measuring the total protein contacted with the 

detection reagent; 

(vii) contacting methylated DNA from the urine sample with a detection reagent to measure 

methylated DNA from the urine sample and measuring the methylated DNA contacted 

with the detection reagent; 

(viii) inputting measurements obtained from steps (ii)-(vii) into a model to produce a score 

indicative of kidney injury; and 
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(ix) detecting kidney injury using the score from step (viii) with an area under the receiver 

operating character curve (AUC) of greater than 90%.  

2. The method of claim 1, wherein the model is a linear model.  

3. The method of claim 2, wherein the linear model is produced by evaluating subjects with 

multiple causes of kidney injury.  

4. The method of claim 3, wherein the multiple causes for kidney injury are selected from 

the group consisting of kidney stones, immune complexes, cancer, diabetes mellitus, and 

transplant rejection.  

5. The method of any one of claims 2 to 4, wherein the linear model is produced by 

evaluating at least 400 samples.  

6. The method of any one of claims I to 5, wherein the score is a composite value 

representative of a probability estimate for kidney injury.  

7. The method of any one of claims I to 6, wherein the score is scaled from 0-100.  

8. The method of any one of claims I to 7, wherein the urine sample is stabilized with a 

stabilizing solution prior to steps (ii)-(vii).  

9. The method of claim 8, wherein the stabilizing solution comprises a formaldehyde donor 

and a chelator in a concentration sufficient to inhibit cell lysis and to inhibit nucleases in the 

urine sample.  

10. The method of any one of claims I to 9, wherein contacting cfDNA from the urine 

sample with the nucleic acid probe results in an immobilized cfDNA/nucleic acid probe 

complex.  

11. The method of any one of claims 1 to 10, wherein the nucleic acid probe comprises a 

nucleotide sequence that is complementary to at least 20-300 continuous nucleotides of SEQ ID 

NO: 1 or SEQ ID NO: 2.  
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12. The method of any one of claims I to 11, wherein the detection reagent for total protein is 

a colorimetric reagent.  

13. The method of any one of claims I to 12, wherein the detection reagent for the 

inflammation marker is an antibody.  

14. The method of any one of claims I to 13, wherein the detection reagent for the apoptosis 

marker is an antibody.  

15. The method of any one of claims I to 14, wherein the detection reagent for the 

methylated DNA is an antibody.  

16. The method of claim 15, wherein the antibody detects 5-methylcytosine.  

17. A method for providing a medical intervention to a subject suffering from kidney injury, 

the method comprising: 

obtaining a score generated by the method of any one of claims 1 to 16; and 

providing a medical intervention to the subject based on the score.  

18. The method of claim 17, wherein the medical intervention comprises administering an 

immunosuppressant drug to the subject or changing dosing of an immunosuppressant drug to the 

subject.  

19. The method of claim 18, wherein the immunosuppressant drug is a calcineurin inhibitor, 

an anti-proliferative agent, an mTOR inhibitor, a steroid, or an induction agent.  

20. The method of claim 18, wherein the immunosuppressant drug is selected from the group 

consisting of tacrolimus, cyclosporine, mycophenolate mofetil, mycophenolate sodium, 

azathioprine, sirolimus, prednisone, thymoglobulin, IL2 receptor blockade, and belatacept.  

21. The method of any one of claims 17 to 20, wherein the subject received a kidney 

transplant and the method further comprises obtaining a plurality of urine samples from the 

subject at different points in time post kidney transplantation.  
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