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COMPOSITIONS ANB METHODS TO DETECT GASTROINTESTINAL DISEASE

{6601} This apphication is an International Application which claims priority from U8,

patent application ne, 16/267,120 filed on February 04, 2019, the entire contents of gach
which are incorporated herein by reference.

{00021 All patents, patent apphications and publications cited berein are hereby incorporated
by reference in their entirety. The disclosures of these publications in their entireties are hereby
meorporated by reference inio this application in order to more fally describe the state of the
art as known to those skilled therein as of the date of the invention desenibed and claimed
hevein.

[00031  This patent disclosare coniains material that is subject to copyright protection. The
copyright owner has no objection io the facsimile reproduction by anvone of the patent
document or the patent disclosure as 1t appears in the U.S. Patent and Trademark Office patent

file or records, but otherwise reserves any and all copyright nights,

GOVERNMENT INTERESTS
{06047 This invention was made with government support under Grant No. ROIGMOR7350

awarded by the National Institute of Health. The government has certain rights in the wmvention.

[aRs]  This imvention i divected © compositions and methods o detect and tead

gasirointesting! diseases.
BACKGROUND OF THE INVENTION

{8606} Gastrointesting! diseases reler to diseases involving the gastrointestinal truct, For
example, necrotizing enterocolitis (NEC) 15 an acquired gastromiestinal disease often seen in
pre-termo nfants. In NEC, bacierta bveade the wall of the intestine, causing local infection and
inflammation. NEC is characterized by high montality and long-term morbidity, including short
sut syadrome, recwrent infection, nutritional deficiency and neurodevelopmental delay.
Despite an overall net decrease in mortality for premature infanis, there has been an increase

in NEC-associated deaths. NEC is often difficalt fo diagnose and manage, due to inital
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nonspeciic synyrtomatology and vapid deterioration. Chinicians cwrrently rely on radiographic

evidence to make the dlagnosis in advanced stage of disease.

SUMMARY OF THE INVENTION
{88071 The present nvention provides a method for determining the prognosis of
necrotizing enterocolitis (INEC) in a patient. In embodiments, the method comprises fitting @
Markoy model using a two stafe transition matrix and propensity values measured among a
phurality of subjects, wherein the two state transition matrix comprises a first state and a second
state, wherein the first state comprises 8 nop-necrotizing enterocolitis statas, wherein the
second state comprises a necrotizing entevocohtis status (NEC), wherein a propensity valoe is
a function of intestinal Alkaline Phosphatass QAP activity values and the amount o1 1A P found
m a subject of the plarality of subjects; using a propensity value of the patient and the Hited
Markov model to estimate a probability of transitioning from the first state to the second state,
wherein the {itted mode! indicates that an increased propensity level of the patient significantly
imcreases the probability of transitioning from the first state to the second state; treating the
patient when the propensity valoe is greater than or equal to a threshold value of about (4.5
{66081  In ombodiments, a propensity value conprises a product of a first value snd 8 second
valug, wherein the first value comprises one (1) minus a first ratio, wherein the first ratio
comprise an 1AP activity value of a subject of the plurality of subjects divided by a maximam
1AP acuivily value observed among the plurahity of subjects, wherein the second value
comprizes a second ratio, wherein the second ratio comprises an amount of IAP from an
immunoassay vatae of a subject of the plurality of subjects divided by o maximum amount of
IAP from an immunoassay vahue observed in 8 sample.
{06091 Non-limiting examples of immunocassays comprise western blot analysis, ELISA, or
mmmunoprecipitation, For example, the immunoassay can comprise western blot analysis
utilizing a chemiluminescent reporter. In another example, the hmommoassay can comprise
western blot analysis using a Muorescent reporter. Flaorescent reports can be more linear in
response.
[8616]  In embodiments, the immunoassay readings can be considered a “min-ELISA,” as
patient sample 1AP abundance is guantitaied agminst a 2-point curve. For example, the signal
in g patient sample can be compared by ratioing it to the difference between human small
intestinal lysate {positive control with the greatest level of 1AP or 100%) and boving 1AP
{negative control as anti-lnoman 1AP antibody does not detect cow 1AP or 094).  The maximum

WE valae v Example 9 is the buman small intestinal Tvsate.

o
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{8611}  In embodiments, a propensity value comprises a product of a first value and a second
value, wheretn the first value comprises one (1) moanus an 1AP activity value of a subject of the
plurality of subjects, wherein the second value comprises an amount of AP from an
mmunoassay vahie of a subject of the plurality of subjects.

[88121  In embodiments, the plorality of subjects compnises the patient.

{0613} In embodiments, lreating comprises withholding feeding, administering an
antibiotic, or a combination thereof.

[6614]  In emboduments, the sample i3 a lnanan small intestingl lysate.

[6815] In embodiments, the Immunocassay comprises 8 western blot, an ELISA, or
imnmunoprecipitation.

jae16]  The present imvention provides a method of identifving s subject afflicted with a
gastrointestinal (GI) disease. An aspect of the invention 1s direcied to methods for diagnosing
a subject with g gastrointestinal disease. Another aspect of the invention i1s directed {0 methods
for wdentifying 3 subject at risk of 3 pastrointestinal disease, Embodiments as described herein
can further identify both early stages of gastrointestinal disease and advanced stages of
gastromntestinal disease. Certain embodiments can distinguish between early stage and late
stage pastrontestinal disease. For exanple, embodiments as described herein can diagnose
advanced states of inflammation, such as that identified by radiclogical findings of preunatosis
mdestinalis {portal vein or bibary gas). As another example, embodiments can ydentify early
stages of the disease before rampant inflammation of the gut is physiologically evident.
{0617} In embodiments, the methods comprise incubating a Mological sanple from a
subject with an agent that binds mtestinal alkaline phosphatase {1AP), detecting in the sample
iAP-bound agent, and detecting andéor measoring in the sample the amount or activity of (AP
in sample, whether bound to the agent ot not. In embodiments, the 1AP-bound agent is at least
one (1 disease biomarker comprising AP enzymatic activily of 1AP, 1AP protein level, 1AP
dimertzationidissociation, posi-transtationally modified 1AP, total protein, such as total fecal
protein, or a combination thereof. In some embodiments, the GI disease biomarker is useful
for diagnosing a subject with a gastroiniestinal disease, and can also be indicative of a subject
afflicted with a gastrointestinal {G1) disease, and /or a subiject at risk of developing a Gl disease.
In some embodiments, a subject afflicted with a gastrointestinal (G} disease can encompass
hoth early and advanced stages of the disease.

66181  In embodiments, IAP is not bound by an 1AP binding agent. For example, a substrate
cant be provided for the enzyme in the sample, and the change of the substrate is momtored. In

one embodiment, 1AP 15 not bound for the activity assay. For example, substrate can be

T
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provided for the enzvme in the sample and the change in the enzyme can be monitored.
Without being bound by theory, this can alse be the same for AP-bound to enzyme where the
measured change of substrate in immuncassays 1s for the protein tethered by the antibody
system but also for any free AP In the sample.

{88191 The present invention further provides for a wethod of diagnosing a Gl disease in g
subject, such gs necrotizing enterocolitis, comprising incubating a biologicyl sanple from g
subject with an agent that tunds intestinal alkaling phosphatase (1AP), detecting in the sample
1AP-bound agent, and detecting and/or measuring in the sample the amows or activity of 1AP-
bound agent. In embodiments, the 1AP-bound agent s at least ope G disease biomarker
comprising iIAP enzymatic activity, 1AP protein level, 1AF dimerization/dissociation, post~
translationally modified 1AP, total protein, such as total fecal protein, or a combination thergof,
and wherein the G disease biomarker 1s indicative of a subject afilicted with a gastromtestinal
{G1) disease. An1AP-bound agent according to the invention can be 1AP bound to its cognate
substrate, an antibody that recognizes and binds to 1AP, a short peptide sequence that is directed
to and binds to 1AP, and the like, non-limiting examples of which comprise a small-molecale
activator or infubiior of the catalyvtic reaction, a metal 1on {tungsten is a ransition state effector
of alkaline phosphatases), an agent that causes allosteric release of products, a labile chenucal
moigty that serves as a chemical, enzymatic, or photolytic trigger, or a matrix that binds to a

tagged form of 1AP.

{60201 Embodiments can further comprise diagnosing the subject as having a (1 disease. For
example, a subject can be diagnosed as having a GI disease: if the total protein concentration
in the sample is greater than abowt 1.0 mpfml, 1.1 mgdmi, 1.2 mg/ml, 1.3 mp/ml, 1.4 mgimi,
L3 mygfml, Lo mg/ml, 1.7 mg/ml, 1.8 me‘ml, 1.9 mgiml, 2.0 mg/ml, 2.1 mgimi, 2.2 mgfmi,
23 my'ml, 2.4 mg/ml, 2.5 mg/mi, 2.6 mg/ml, 2.7 mg/ml, 2.8 mg/mi, 2.9 mgdml, 3.0 mgiml,
3.0 mg/md, 3.2 mgfnd, 3.3 mg/ml, 3.4 me/ml, 3.5 mg/ml, 3.6 mgimd, 3.7 mgimd, 3.8 mgiel,
3.9 mgdml, 4.0 mpiml, 4.1 mgfml, 4.2 mednd, 4.3 mgdml, 4.4 mefmi, 4.5 mg/mi, 4.6 mg/mi,
4.7 mgiml, 4.8 mg'ml, 4.9 mgdml or 5.0 mgdml; if the 1AP activity is less than about 10
mUfmg, 20 mU/mg, 30 mU/mg, 40 mUimg, 50 aUMmg, 60 mUimg, 70 mU/mg, 80
mUimg, 90 milmg, 100 mUimg, 200 mU/mg, 300 milmg, 400 mU/mg, 300 mUfmg, 600
mUfmg, 700 mUsSmg, 800 mUfmg, 200 mU/myg, 1000 milimg, 1050 mUimg, 1100 mUimg,
1150 mUhAmg, 1200 mUfmg, 1250 mUimg, 1300 mUimg, 1350 mlifme 100 mlimg, 1450
mbUdmg, 1500 mUlmg, 1600 mUimg, 1700 mU/mg, 1800 mUimg, 1900 mUimg; if the 1AP

activity is less than about 5 Ulmyg, 10 Udmg, 50 Uimg, 100 Ulmg, 200 Usmg, 300 Uimg, 400

e
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Umg, 5300 Udmg, 600 Limg, 700 Uimg, 800 Uimg, 900 Wimg, 1000 Uimg; if the level of
IAP protein 1s greater than 053%, 1%, 296, 396, 4%, 5%, 6%, 7%, 8%, 9%, 10% , 20%, 30%,
0%, S0%, 60%, TO%, ROV, 0%, 100, 125%, 150%, 175%, 2009, 225%, 250%, 275% of
a control sample, or a combimation thereof. Without being bound by theory, total protein
concentration i the sample as described herein can be for a stool sample in which the fresh
weight to buffer is set at 1 g/'ml. Otherwise, the skilled artisan knows that one can dilute or
concentrate a sample to alter the protein conceniration.

{66211 In embodiments, a sabject can be diagnosed as having a GI disease 11 the totad protems
concentration in the sanwple is greater than about 1.8 mgdml, i the IAP activity i fower than
about 979 mii/meg, if the level of IAP protein is greater than 10.7% of a control sample, or a
combination thergof. In some smbodiments, g subject can be diagnosed as having o G
disease if the total protein concentration in the sample 1s greater than abowt 1.6mg/ml, f the
AP activity is lower than about 1256 mlUi/mg, if the level of1AP protein is greater than 4 8%
of a control sample, or § combination thereof.

{80221  The present invention provides 3 method of diagnosing a gastrointestinal {GD)
disease in a suhject comprising obtaining a sample from the subject, detecting the presence of
at least one GI discase biomarker in the ssmple, wherein the GI disease biomarker can comprise
mtestinal alkaline phosphatase (1AP) protein, comparing the Gi disease biomarker profile to
that of a profile obtained from a control sample, and treating the subject. In embodiments, the
conirol sample can comprise two or nmore control samples.

{6823}  The present invention further provides a method of preventing the progression of a
gastrointestinal discase in a subject in need thereof comprising obtaiming a sample from the
subject, deteching the presence of at least one G disease biomarker in the sample, wherein the
Gl disease biomarker can comprise ntestinal alkaline phosphatase (1AP) protein, comparing
the G disease biomarker profile to that of a profile obtained frowm a control sample, and treating
the subject. In embodiments, the control sample con comprise two or more control samples.
{0024}  The present invention further provides a method of amelorating the symptoms
associated with a gasirointestinal disease in a subyject in need thereof comprising obiaiming a
sample from the subject, detecting the presence of at least one GI disease biomarker in the
sample, wherein the GI disease biomarker can compsise intostinal altkalive phosphatase (1AP)
protein, comparing the G disease biomarker profile 1o that of a prolile obtained from a control
sample, and treating the subject. In embodiments, the control sample can comprise two or more

control samples.
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{86281  In embodiments, treating the subject diagnosed with a Gl disease comprises

administering an effective amount of angblotics, probiotics, ntravenous fhdds, or a
combination thereof, withholding oral feeding; sdministering an tAP replacement composition;
an anti-inflanmmatory; a therapeutic; a small molecule activator andfor effector of catalytic
activity: parenteral {or miravenous) nutrition or a combination thereof.

[6626] Non-linuting examples of a therapeutic that can be used according to the invention
compiise Toll-like receptor (TLR) inhibitors {Neal et al. Discovery and validation of a new
class of small molecule Toll-like receptor 4 (TLR4) inhibitors. PloS One 12, e65779) and
mterruption of eNOS-NQ-nitrite signaling (Yaxit et al. Endothelial TLR4 activation impairs
itestinal  pucrocirculatory  perfusion in necrolizing enterocolitis wia eNQOS-NO-nitrite
stgnahing. Proceeadings of the National Academy of Science FISA 110, 9451-9456),

{8027}  Non-hauting examples of a small molecule effector of catalytic activity comprise
levanusole, theophylhine, narole-based compounds, sulfonanude dertvatives, phosphatase
derivatives, metals, and anuno acids {Borgers M. The cytochemicat application of new potent
mhibitors of alkaline phosphatases. Jowrnal of Histochemistry & Cytochemistry 21, 812-834;
Klemperer ef al. The inlubition of alkalie phosphatase by berviam. Joumal of Biological
Chemistry 180, 281-288; Bobkova et all  Modulators of itestingl alkaline phosphatase.
Methods Mol Biol 1033, 135-144; Narisawa et al. Novel inhibitors of alkaline phosphatase
suppress vascidar smooth muscle cell caleification. Joumal of Bone and Mineral Research 22,
1700-171¢; al-Rashids and lgbal. Inhibition of alkaline phosphatase: an emerging new drug
target. Minireviews in Medicinal Chemistry 15, 41-51,

[6628] Non-limiting examples of such antibiotics comprise Vancomycin, Ampicithin, Zosyn
{combination of piperacillin and taxobactam), Gentamyen, Flagyl Ometrodniazole generic),
Meropenem, Metronidarole, Cefotaxime, Clindamyein, or any combination thereof. In some
embodiments, an antifungal agent can further be administered.  In other embodiments, the
antifungal agent can be Fluconazole, Terconazole, Voriconarole, Posaconaxole, Pertamidine,
Itraconarole, and Ketoconarole.

[6029] Non-limiting examples of probiotic worganisms  inwlnde those i the
genera Lactebacilius,  Lactococcns,  Bifldobacteria,  Fedivcocons,  Saccharostvces
boulardii, and related bactens and yeast.

{60301 Non-limiting examples of such intravenous fluids comprise saline {such as 1.9%
Nafl i water or 459 saline m water), Lactated Rmnger's {0.9% NaCl with electrolytes and
buffer), DsW (5% dexirose in water), DsNS (5% dextrose wn 0.9% saline), Ds 12 NS (8%

dextrose in 0.45% saline), DsLR (3% dextrose m Laciated Ringer's), or Normosol-R. In



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

embodiments, the intravenous flaid sehition can be isotonie. In other embodiments, the
intravenous fhad solution can be hypotonic.

86317 Non-limiting examples of parenteral (or intravenous) nuirition comprise miravenous
dextrose solutions, intravenous anino acid solutions, intravenows f emulsions, intravenous
vitanun and mineral supplements, or a combination thereof.

60632}  The anti-inflanunatory agents can be selected from & wide variety of steroidal, non-
stercidal, and salicylate water-soluble and water-msoluble drugs and their acid addition or
medatlic salts. Both organic and inorganic salts can be used provided the anti-inflapynatory
agent maintains s medicament value. The ant-inflanunatory agents can be selected from a
wide range of therapeutic agents and mixtures of therapeutic agents that can be administered
i sustained release or prolonged action form. Non-hmiting examples of anti-inflammatory
agents comprise ibuprofen, naproxen, sulindac, diflunisal, ptroxicam, indomethacin, etodolac,
meclofenamate sodium, fenoproben calcium, ketoprofen, melenanuc acid, sabumetone,
ketorolac tromethamineg, diclofenae, and evening primwose ot (comtaining about 72% hinoleic
acid and about 9% gamma-linolenic acid). Nonhmiting examples of salicylate anti-
mflammatory agents  comprise acetyvlsalicviic aod, mesalamine, salsalate, difhumsal,
sahicylsalicyhe acid, and choline magnesiom trisglicylate. Nonlimiting examples of sterotdal
anti-inflanmmatory agents comprise  {haisolide,  triamcinohine, inamcinoline  acetonide,
beclomethasone  diproprionate, betamethasone diproprionate, hydrocortisone, cortisone,
dexamethasone, prednisone, methyl prediusolone, and preduisolone.

{8633} In embodiments, the pastrointestinal disease can comprise colitis, mitanmatory
bowel disease {(IBD), or a combination thereof In embodiments, cohiis can comprise
npecrotizing enterocolitis (NEC), adult necrotizing enterocolitis {ANEC), pseadomenmbranons
enterocolitis, infectious colitis, ulcerative colitis, Crohn's disease, ischemuc colitis, and
radistion colitis.

jen3d]  Incmbodiments, the sample can comprise ¢ biological sample obtaned from subject.
For example, the biological sample can be a biological fhuid, a biological solid, or 8 biclogical
senii-sodid. In embodiments, the sample can comprise fecal matter, meconium, vonui,
peripheral blood, sera, plasma, or urine.

{6635]  In embodiments, the G disease biowarker can comprise IAP enzymatic activity, AP
enzymatic activity, AP protem level, AP dimerization/dissociation, post-translationally
modified AP, total protein, such as total fecal protein, or a combination thereofl In
ambodiments, the post-translational mwodification can comprise acetylation, acylation,

alkvilation, sndation, butyvrviation, deanuidation, formviation, plypiation, glycosylabion,

“
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hydroxylation, Todination, ISGylation, hpoylation, malonylation, methylation, myristoviation,
palnntoviation, phosphorviation, phosphopantetheinylation, premylation, propiopylation,
ribosylation succinviation, salfation, SUMOyiation, or ubiquitination.

[80836]  In embodiments, the GI disease biomarker can comprise a NEC biomarker.

{88371 In embodiments, detecting can comprise an inwnunoassay, a colorfroetne assay, a
fluorimetric gssay or ¢ combination of both, In embodiments, the inununogssay can comprise
a western biot assay, an enzyme-Hoked immunosorbent assay (ELISA), imnunoprecipitation,
single molecule inununoassays n femoliter chamber arrays, digital envyme assays i both
single and multiplex forms, or a combination theveofl In erubodiments, the detecting comprise
contacting the sample with an anti-iAP antibody. In embodiments, the anticAP antibody 15 a
potyclonal of monoclonal antibody. In embodiments, detecting can comprise 8 kinetic assay,
an endpoint assay, Bradford assay, a bicinchomipic acid (BCA) assay, 8 Lowry assay, a
pyrogaliol red protemn dye-binding assay, a Coomassie blue dye-binding assay, or a
combination thereot.

{80381  In still other embodiments, detecting can comprise technigues known to one skilled
in the art, such as mass spectromeiry (MS}, RNA sequencing, and immunostaining of patient
samples. For example, RNA sequencing of intestinal alkaline phosphatase or other alkaline
phosphatases is vapid method of detecting molecules, sach as (AP (Knight et al. Non-~-wvasive
analysis of mtestingl development n preterm and term infants using RNA~sequencing. 2014,
Scientific Reports 4, 3433,

[8639] in embodiments, the assay can detect phosphatase activity. Non-limiting examples
of such assays comprise fluorescent, chemiteminescent, or colorimetric dectection methods, an
assay to detect ATP hydrolysis andfor products of ATP hydrolysis, or & combination thereol
{60401  In embodiments, detecting can compnise g kinetic assay comprising use of 4-
methyliumbelliferyl phosphate, PD Star (Disodium  2-chloro-3-(4-methoxyspirof 1,2-
dioxetane-3,2"-{S-chlorotricvelo3 3.1 17 ldecan D-4~v1}- 1-phenyl phosphate), AtosPho (2%
[2-benrothiazoyl]-6-hydroxybenzothiazole phosphate {BBTPY), or any other fluorometnic or
colorimetric signal, an assay to detect ATP hydrolysis andéor products of ATP hvdrolysis (for
example, malachite green, NADH-coupled, or other proprietary variation}, or a combination
thereof.

168411 In embodiments, alkaline phosphatase activity, such as intestingl alkaline
phosphatase activity, can be directly detected and/or measured by admixing with the
biological sample for a period of time chromogenic sabstrates and/or fuorogenic subsirates

of atkaline phosphatase, such as tAP. For example, 4-methylumbelliferyl phosphate (MUP) 13
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a Huorogenic sabstrate for atkalive phosphatases, and alkaline phosphatase mediated
hydrolysic of Hs phosphate sebstitaent yields the blue-fluorescent 4-methylumbelHiferyl
{excitation/entssion ~386/448 nny). In embodiments, the MUP can be divectly admixed with
the biological sample, such as stool, allowing for the direct dectection of the presence of
alkaline phosphatase or the measarement of its activily.

{0642}  Non-hmuting exanmples of Alkaline phosphatase (AP) sohstrates comprise AP-Blue
substrate (blue precipitate, Zvmed catalog p. 1% AP-Qrange substrate (orange, precipifate,
Zvmed), AP-Red substrate (red, red precipiinte, Zymed), S-bromo, 4-chiore, 3-
indolyphosphate (BCIP substrate, turquoise precipitate}, S-bromo, 4-chloro, 3-indelyl
phosphate/nitroblue tetrazolivm/ todonitrotetrazolivm (BCIPANT substrate, vellow-brown
precipitaie, Biomeda), S-brome, 4-chloro, 3-indolvphosphstemitroblue tetrarolium
(BCIP/NBT substrate, blue/purple), 5-bromo, 4-chloro, 3-mndolyl phosphate/sitroblue
tetrazolium/iodonitrotetrazolium (BCIP/NBT/INT, brown precipitate, DAKO, Fast Red
{Red), Magenta-phos (magenta}, Naphthol AS-Bl-phosphate (NABP¥Fast Red TR {Red),
Naphthol AS-BE-phosphate (NABPYNew Fuchsin (Red), Naphthol AS-MX-phosphate
{NAMPYNew Fuchsin {Red), New Fuchsin AP substrate (red}, p-Nitropheny! phosphate
{(PNPP, Yellow, water soluble), VECTOR™ Black (black), VECTOR™ Blue (blue),
VECTOR™ Red {red}, Vega Red (raspberry red color), Flaorescein diacetate, 4-
Methvhombelliferyl acetate, 4-Methylumbellifervl casem. 4-Methylambelhferyvl-a-Lo
argbinopyranoside, $-MethylumbeHiferyl-§-D-fucopyranoside, 4-Methyltumbellifervi-a-L-
fucopyranoside, 4-Methviambelliferyl-B-L-fucopyrancside, 4-Methylumbelliferyl--D-
galactopyranoside, 4-Methyvlumbelliferyl-B-D-galaciopyranoside, 4-Methyhambelliferyl-o-D-
ghicopyranoside, 4-Methyvlumbelliferyl-f-D-glucopyranoside, 4-Methyhunbelliferyt-f-D-
glacuronide, 4-Methylumbelliferyl nonanoate, 4-Methylambelhiferyl oleate, 4-
Methyhumbellifervl phosphate, bis(4-Methylumbelliferyliphosphate, 4-

Methyhanbelliferyl pyrophosphate diester, 4-Methyhanbellifervi-B-D-xvlopyranoside.
{0043}  Non-Hmiting examples of suitable chromogenic substrates for use within the
present invention comprise o-Nitrophenyl-f-D-galactopyranoside, p-Nitrophenyl-8-D-
calactopyranoside, o-Nitrophenvi-i-D-glacopyranoside, p-Nitropheny-o~D-glucopyvranoside,
p-Nirophenyh-p-D-glacopyranoside, p-Nirophenyk-3-D-glocuromde, p-

Nitrophenyl phosphate, o-Nitropheayl-B-D-xylopyranoside, p-Nurophenyl-g-D-
xylopyranoside, p-Nitrophenvi-B-D-xylopyranoside, and Phenolphthalein-§-D-glucuronide.
[0034]  In embodiments, the method as described herein further comprise diagnosing the

subject with g gastrointestingl disease if the protein level of 1AP in the sample 15 at least two

9
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standard deviations above the mean protein level of the control sample. In embeodiments, the
method as described hevein forther comprise diagnosing the subject with a gastrointestinal
disense if the protein level of IAP in the sanpleds atleast 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.8 5 standard
deviations above the mean protem level of the control sample. In embodiments, the control
sample can comprise two or more control samples. Embodiments can comprise 10 mg, 20 mg,
30 mg, 40 mg, 50 mg, 60 mg, 70 mg, 80 mg, 90 mg, 100 mg, 125 mg, 150 mg, 175 mg, 200
mg, 225 mg, 250 my, 275 mg, or 3080 my fresh waight stooliml sterile water or buffer. For
example, embodiments can comprise 200 myg fresh weigh stool/ml. stertle water or buffer In
ernbodiments, the method as described herein further comprise diagnosing the subject with a
gastrointestinal disease or at risk of 8 gastrointestinal disease if the protein level of AP m the
sample 1s greater than 4.8% of the control sample. In other embodiments, the method described
herein further comprise diagnosing the subject with a gastrointestinal disease or at risk of a
gastrointestingl disease if the protein level of 1AP 1 the sanmple 15 greater than 107% of the
control sample. In embodiments, the method as described herein finther comprise diagnosing
the subject with a gastrointestinal disease or at nisk of a gastrointestinal disease if the protein
level of 1AP in the sample s greater than 2.5%, 5%, 109, 15%, 20%, 25%, 30%, 4%, S(}‘?f‘{g
GO%, 70%, 80%, 0%, W%, 128%, 150%, 175%, 200%:, 225%, 250%%, 275%, 3008, 325
3509%, 373%;, 400% of the control sample.
[0845]  In embodiments, the method as described herem further comprise dugnosing the
subject with a gastrointestinal disease il the level of 1AP enzymie gotivity in the sample s at
least two standard deviations below the mean 1AP enzyme activity of the control sample, In
embodiments, the method as described herein further comprise diagnosing the subject with a
gastrointestinal disease 1f the level of 1AP envyme activity in the sample wat least 1, 1.5, 2,
2.5,3,3.5, 4,45, 5 standard deviations ahove the mean enzyme activity of the control sample.
In embodiments, the comtrol sample can comprise two or more control samples. In
embodiments, the method as deseribed herein further comprise diagnosing the subject with a
gastrointestinal disease or at risk of a pastrointestinal disease if the level of IAP enzyrme activity
m the sample 1s lower than about 10 mUimg, 20 mUimg, 30 mU/mg, 40 mUdmg, S0 mUimg,

&0 mUimg

Pt

FrmUimg, 80 miiime, 80 mUimg, 100 mUimg, 200 mUfmg, 300 mUimg, 460
milime, SO0 mUdmg, 500 mUi/mg, 700 mU/me, 8300 mlimg, 900 mliimg, 1000 mU/mg, 1100
mblimy, 1200 mUimg, 1300 mlfng, 1400 mUSmg, § Ulmg, 10 Uimg, 30 Uimg, 100 Ulmg,
300 Usmg, 400 Uimy, 500 Urmg, 600 Wimg, 700 Uimg, 800 Ufmg, 900 U/mg, 1000 Uimg, for
example less than 979 ml/mg or less than 1256 wmli/mg. In embodiments, the method as

described herein further comprise diagnosing the subject with a gastrointestinal disease or at
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risk of & gastrointestinal disease if the level of AP enxyvime activily in the sample is less than
1500 milog, 1000 miimg, 500 wilmg, for example less than 1256 mUimg.

[6046]  In embodiments, the method as described herein further comprise diagnosing the
subject with a gastrointestinal disease if the fecal protein level in the sample is at least two
standard deviations above the mean fecal protemn level of the control sample. In embodiments,
the method as described herein further conyrise disgnosing the subject with a gastrointestinal
disease if the fecal protein level in the sample s at least 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, § standard
deviations above the mean fecal protein level of the control sample. In embodiments, the
control sample can comprise two or more control samples. In ewbodiments, the wethod as
described herein further comprise diagnosing the subject with a gastrointestinal disease or at
risk of a gastrotntestinal disease if the fecal protein level in the sample exceeds 1.6 mg/ml, or
for example exceeds 1.8 mgiml In embodiments, the wethod as described berewn further
comprise diagnosing the subject with a gastromtestinal disease or at nisk of a gastrointestinal
disease if the fecal protein level in the sample excesds 1O mp/mi, 1.1 mg/mi, 1.2 mp/ml, 1.3
mgiml, T4 mg/ml, 1.5 mgfml, 1.6 mgfmd, 1.7 mg/mi, L8 mg/ml, 1.9 mp/ml, 2.0 mg/mi, 2.1
meg/ml, 1.2 mg/mi, 2.3 mgdml, 2.4 mp/ml 2.5 mgiml, 2.6 mgdmd, 2.7 my/mi, 2.8 mg/ml, 2.9
mgiml, 3.0 mgimd, 3.1 mg/mi, 3.2 mgfml, 3.3 mgiml, 3.4 mg/ml, 3.5 mg/ml, 3.6 mg/nd, 3.7
memi, 3.8 mg/ml, 3.9 mpimi, 4.0 mg'mil, 4.1 mg/mi, 4.2 myg/ml, 4.3 meiml, 4.4 mpind, 4.5
mg/ml, 4.6 mgiml, 4.7 mgfml 4.8 mg/ml, 4.9 myfml, 5.0 mg/mb.

{8647} In embodiments, the method as described bersin further comprise treating the
subject. In embodiments, ireating can comprise administering to the subject diagnosed with a
gastromtestinal disease an effective amount of antibiotics, probiotics, mtravenous fhads, steps
1o withhold oral feeding, sn AP replacement composition, parenteral (or intravenous)
nuirition, or a combination thersof

{481 In embodiments, the suliject can comprise a manmmal, In embodiments, the mammal
cant comprise a dog, oat, horse, cow, pig, or human. Tn some ersbodiments, the biomarkers of
the mvention can be useful for disgnosing colic in horses.  In embodiments, the human can
comprise an infand. I embodiments, the infant can comyprise a preterm infant.

{8649}  The present imvention fimther provides a method for screening the presence of a
signature 1 g subject, such as a subject at xisk of developing a gastroitestion] disease or a
subject with a non-sympiomatic gastromtestingl disease, comprising obtaining g sample from
the subject, measuring at least one GI disease biontarker i the sample, wherein the GI disease
biomarker can comprise intestingl alkaline phosphatase (AP) protein, comparing the G

disease hiomarker profile to that of a profile obtained from a control or reference sample, and
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freating the sabject. In emsbodinents, the control or reference sample can comprise two of more
coutrol samples. In enbodiments, the sample i3 a fecal sample.

{80501  The present invention further provides a method for identifyning a subject at risk for
a gastrointestinal disease or a subject with a non-symptomatic gastrointestinal disease
comprising obtaining a sample from the subject, measuring at least one GI disease biomarker
in the sample, wherein the (1 disease biomarker can comprise infestinal alkaline phosphatase
{1AP} protein, comparing the Gl disease biomarker profile to that of a profile obtained from a
control samiple, and treating the subject. In embodiments, the control sample can comprise two
or more control samples.

{0851}  In embodiments the gastrointestingl disease can comprise cohitis, inflammatory
bowel disease (IBD), or a combination thersol In embodiments, colitis can comprise
necrotiang  enterocolitis, adult necrotining enterocolitis {ANECQ), psendomembranous
enterocolitis, infectious colitis, ulcerative colitis, Crohn's disease, ischemic colitis, radiation
colitis.

{80521  Inembodiments, the sample can comprise a biclogical sample obtained from subject.
For example, the hiological sample can be a biological fluid, a biological sohid, or a biclogical
semi-solid. In embodiments, the sample can compnse fecal matter, meconiwm, vomit,
peripheral blood, sera, plasma, or urine.

[0853] In embodiments, the QI disease biomatker further can comprise 1AP emirymatic
activity, total fecal protein, AP dimerization/dissociation, post-translanonally modified 1AP,
ot a combination thereof. In embodiments, the post-translational modification can comprise
acetviation, acvlation, alkylation, amidation, butyrvlation, deamidation, formylation,
glvpiation, glveosviation, hydroxylation, iodination, ISGylation, bpoylation, malonylation,
methylation, mwyristoylation, palmitoylation, phosphoryiation, phosphopantethemylation,
prenyiation, propionylation, rbosylation succinviation, sulfation, SUMOviation, or
ubiguitination.

{0054}  In embodiments, measuring can comprise perfornung an assay to determine total
protein conceniration, ntestinal alkaline phosphatase enryme activity, intestinal alkaline
phosphatase protein concentration, or a combination thereof in the sample. In embodiments,
measuring can comprise 8 Bradiord assay, a hioinchomnic acid (BCA) sssay, a Lowry assay, a
pyiogaliol red protein dve-binding assay, a Coomassie blue dye-binding assay, or a
combination thereof, In embodiments, measwring can comprise a kinetic assay. In
embodiments, the kinetic assay can comprise use of d-methylhonbelliferyl phosphate,

nifrophenyl phosphate, or any other fluorometric or colomimetric signal, an assay to detect ATP
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hydrolyais, of 8 combination therenf In embodiments, measwring can comprise an
immunoeassay, & colorimetric assay, flaorimetric assay or a combination of both.
{80551 In embodiments, the inmumoassay can comprise § western blot assay, an enzyme-
linked yamumosorbent assay, imaumoprecipitation or a combination thereof. In embodiments,
the assay can comprise an anti-1AP antibody. In embodiments, the anti-AP antibody s a
monocional or polvclonal antibody,
[6056] In embodiments, methods as disclosed herein can further comprise diaganosing the
subject with a gastrointestinal disease when tolal protein concentration in the sample ig at least
two standard deviations above the mean of the control sample, the concentration of intestinal
alkaline phosphatase protein is at least two standard deviations above the mean of the control
sample, ntestinal alkahine phosphatase activity s at least two standard deviations below the
mean of the control sample, or a combination thereoll In embodiments, methods as disclosed
heren can further comprise diagnosing the subject with a gastrottestinal disease when total
protein concentration in the sample is atleast 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5 standard deviations
above the mean of the control sample, the concentration of intestinal alkaline phosphatase
protein is at least 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, § standard deviations above the mean of the
control sanmple, intestingl alkaline phosphatase activity isatleast 1, 1.5,2,2.5,3,3.5, 4,45, 8
standard deviations below the mean of the control sample, or 8 combination thereof. In
embodiments, the control sample can comprise two or more control samples
[88587}  In embodiments, methods as disclosed herein can further comprise treating the
subject. In embodiments, treating can comprise administering to the subject disgnosed with a
gastrointestinal disease an effective amount of antibiotics, probiotics, intravencus fluids,
withholding oral feeding, an 1AP replacement composition, an sati-inflammatory, & potential
therapeutic, parenteral {or intravenous) nuirition, or a combination thereof,
60381  In embodiments, the subject can be diagnosed with a gastrointestingl disease or at
risk of a gastrointestinal disease i the protein concentration fn fecal sample s greater than

&

about 1.0 mg/ml, 1.1 mgiml, 1.2 mgiml, 1.3 mg/ml, 1.4 mp/ml, 1.5 mg/ml, 1.6 mp/ml, 1.7

mg/ml, LE maimi, 1.9 mpiml, 2.0 me/ml, 2.1 mg/mi, 2.2 mg/mil, 2.3 mg/ml, 2.4 me/mi,2.5
mgiml, 2.6 mydml, 2.7 meiml, 2.8 mgfml, 2.9 mgdmi, 3.0 mpdmi, 3.1 meiml, 3.2 mg/md, 3.3
mgmi, 3.4 mgdml, 3.5 medml, 3.6 mgiml, 37 medml, 38 mediml, 3.9 meiml, 4.0 meiml, 4.1

mgind, 4.2 mgimd, 4.3 mp/ml, 4.4 mghml, 4.5 mgiml, 4.6 mg/ml, 47 mg/ml, 4.8 meimd, 4.9
mgml, 5.0 mgfml |, for example 1.6 mp/ml, or for example 1.8 mg/ml, In embodiments, the
subject can be diagnosed with a gastromtestinal disease or at risk of a gastromiestinal disease

if the 1AP activity 15 {ower than about 10 mUdmg, 20 mUfmg, 30 mUWmg, 40 mliimg, 56
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mUimg, 60 milimg, 70 oUimg, 0 milmg. 90 miimg, 100 milimg, 200 mUimg, 300
millimg, 400 miling, 500 milme, 600 mUhog, 700 milmg, 800 mUimg, 900 mUlfmg, 1000
mbUdmg, 1100 miU/mg, 1200 mU/mg, 1300 mUhng, 1400 mU/mg, § Uimg, 10 Wng, 50 Uimg,
100 Udmg, 200 Liimg, 300 Udmg, 400 Usmg, SO0 Uimg, 600 Uimg, 700 Usmg, 800 U/mg, 900
Ufmg, 1000 timg

2

for example 972 mU/Mmg, or for example 1256 mli/mg. In embodiments,
the subject can be diagnosed with a gastrointestinal disease or at risk of a gastrointestinal
disease 1f the 1AP protein detection by anti-iAP antibody exceeds 4.8% of contiod via
denstiomelry. In embodiments, the subjsci can be diagnosed with a gastrointesiingl dizease if
the fevel of 1AP protein is at least two standard deviabons above the mean of the control sample.
in embodiments, the conwol sample can comprise two or more control samples. In
embodiments, the subject can comprise 8 mammal. In embodiments, the mammal can comprise
a dog, cat, horse, cow, or buman. In embodiments, the buman can comprise an infast. In
embodiments, the mfant can comprise a preterm infant,

[0659]  The present invention further provides for a disposable article, the disposable article
comprising a biosensor, wherein the biosensor can comprise at keast one bip-recognition
element, and wherein the biosensor detects 1AP in a sample.

66607  In embodiments, the biosensor further detects 1AP ensymatic activity, total fecal
protein, IAP dimerizationddissociation, post-ranslationally modified 1AP, or a combination
thereof. In embodiments, the post-translational modification can comprise acetylation,
acylation, galkylation, anudation, butyrylation, desmidation, formylation, glvmation,
glveosylation, hydroxylation, iodination, ISGylation, lipoviation, malonylation, methylation,
myristoyiation, palmitoylation, phosphorylation, phosphopantietheinvlation, prenylation,
propronyiation, nibosylation succinylation, sulfation, SUMOylation, or ublguitination,

{66611  Inembodiments, the sample can comprise g biological sample obtained from subject.
For example, the biological sample can be 3 biological fluid, a biological solid, or a biclogical
semi-solid. In embodiments, the sample can comprise fecal matter, mecontum, vomit,
peripheral blood, sera, plasma, or uring.

[8662] In embodiments, the biosensor is an inununosensor. In embodinents, the biosensor
can comprise a detection signal. In embodiments, the detection signal can comprise a
eolorimetric signal, 8 fuorescent signal, or both. In embodiments, the bio-recognition element
pan comprise gu ant-IAP antibody. In embodiments, the anti-AP antibody can comprise a
polvclonal or monoclonat antibody.

[0063] In an ecxemplary embodiment, the biogsensor can comptise lateral flow

iInmunoassays, alse known as immunoclwomatography assay or g strip test. Lateral flow
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inmunnassays comprise imnumoassays adapled to operate along a single axis to sait the {est

strip format. A typical {ateral How test sirip comprises a sample pad {an adsorbent pad onto
which the test sample is applied), a conjugate or reagent pad (this contains binding agents, such
as antibodies, speeific to the target analyte conjugate to colored particles, such as colloidal gold
nanoparticles or latex microspheres), reaction membrane {typically a nitroceltulose or cellalose
acefate membrane onto which anti-target analvte binding agents, such as antibodies, are
inmnobilized in a line that crosses the membrane {0 act as a caplwre zone ot test Hine. A control
#one will also be present, contalming antibodses specific for the conjugate antibodies), and a
wick or waste reservoir {a further absorbent pad designed to draw the sample across the reaction
membrane by capillary action and collect it). The components of the strip are vsually fixed to
an inert backing material and may be presented in a simple dipstick format or within a plastic
casing with a sample port and reaction window showing the caphure and control zones.

[0864]  in embodiments, the article can comprise a diaper 1o be worn by a subject, wipe for
cleaning a subject, dipstick, spoon, scoopula, filter paper or swab.

{8865}  In embodiments, the sabject can comprise a mammal. In embodiments, the manymal
can comprise a dog, cat, borse, cow, or human. In embodiments, the loman can comprise an
infant. Iy embodiments, the infant can comprise o preterm infant.

jaRe6l  The present mvention firther provides for a kit for disgnosing a subject with a
gastromtestinal disease. In embodiments, the kit can comprise a disposable article as desenbed
herein. In embodiments, the gastrointestinal disease can corprise cohitis, mflammatory bowel
disease {IBD}, or a combination thereof. in embodiments, colitis can comprise necrotizing
enterocolitis, adult necvotizing enterocolitis {(ANE(Q), psendomembranous enterocolilis,
infectious colitis, vleerative colitis, Crobn's disease, ischemic colitis, radtion colitis.

{8667  In embodiments, the kit can comprise an 1AP bio-recognition element inumobilized
to a solid support and instractions for use of same.

[0068]  In embodiments, the gastrointestinal disease can comprise colitis, inflammatory
bowel disease, or a combination thereofl In embodiments, colitis can comprise necrotizing
enterocolitly, adult necrotizing enterocoliis {ANE(), pseudomembrancus enterccolitis,
infections colitis, nleerative colitis, Crohn's disease, ischemic colitis, radiation colitis.

[6669]  In embodiments, the bio-recognition element can comprise an antibody divected to
1AP or an oligonucieotide direcied 1o 1AP, for exaraple, that is aflixed directly or wdirectly to
a solid support. Embodiments can also comprise a fluorescent substrate or inhibitor with high

binding affinity 1o 1AP attached to the solid support.

oy
LA
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[8676] In embodiments, the solid support can comprise plastic, cardboard, or glass. In
embodiments, the solid support can comprise a dip stick.

{60711  In embodiments, the subject can comprise a mamngl, In embodiments, the mammal
can comprise a dog, cat, horse, cow, or lmman. In embodiments, the buman can comprise an
mfant. In embodiments, the mifant can comprise a preterm infant.

{6872}  The present invention further provides a diagnostic kit of molecular bromarkers for
lentifying a subject exhibiting or having a predisposition to develop 2 gastrointestinal disease.
In erbodiments, the kit can comprise at least one of a means for defermining total fecal protem
concentration, 8 means for determining intestingl alkaline phosphatase GAP) activity, and an
iAP bio-recogmtion element, wherein together represent a molecular signature that is indicative
of the presence of or a predisposition (o development of a gastroiniestinal disease n o luunan
subject. In embodiments, the gastroiniestinal disease can comprise colitis, inflammatory bowel
disease {IBD), or a combmation thereof. In embodiments, colifis can comprise necrotizing
enterocolitis, adult necrotizing enterocoliis {ANE(Q), pseudomembrancus enterocolitis,
infections colitis, nleerative colitis, Crohn's disease, ischemic colitis, radiation colitis.

[6673]  In embodiments, the signature can comprise total protein concentration at least two
standard deviations above the mean of a control sanple, intestingl alkaline phosphatase proten
concentration at least two standard deviations above the mean of a control sample, or intestinal
alkaline phosphatase activity at lesst two standard deviations below the mean of a countrol
sample. In embodimenis, the control sample can conprise two or more control samples.
{6874} In embodiments, the signature can be selected from at least two of the group
comprising tofal protein concentration at least two standard deviations above the mean of a
coutrol sample, mtestinal alkaline phosphatase protein concentration at least two standard
deviations above the mean of a control sample, and intesting! alkaline phosphatase activity at
least two standard deviations below the mean of a control sample. In embodiments, the control
sample can comprise two or more control samples.

{0073}  In embodiments, the subject can comprise a mamnial. In exbodiments, the mammal
can comprise a dog, catl, horse, cow, or human, In embodiments, the hunwan can comprise an
infant. In embodiments, the infant can comprise a preterm infant.

[6676]  Aspects of the invenition ave further divecied towards tresting an NEC-afflicted
subject by sltering a feeding regimen, In one embodiment, the mvention provides for a method
for treating an NEC-afflicted subject. In some embodiments, the method comprises measuring,
m a sample obtained from the subject according to the methods desenibed berein, the amount

or gctivity of 1AP-bound agent, wherein the iAP-bound agent is at least one (I disease

16
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biomarker comprising 1AP enzymatic activity, AP enzymalic activily, 1AP protem level, AP
protein fevel, AP dimenzation/dissociation, post-translationally modified (AP, total fecal
protein, or a combination thereof, deternuning the post-partun developmental  age of the
subject; and withholding enteral feeding for a period of tme sufficient to resolve
gastromtestinal inflammatory processes or signs of feeding wtolerance. In some embodiments,
the method further comprises adimimstering an antibiotic or an antifungal, either alone or in
combination. In some gmbodiments, the method further comprises adnunisienng a probiotic,
other biologic (such as stem cells or trauscription factors), or therapentic {such as TLR4 smal
molecules, alkatine phosphatase inhibitors or activators), antibiotics, intravenous fhads, an 1AP
replacement composition (such as that provide exogenously), a small molecule activator andfor
effector of catalytic activity, an anti-inflanumatory, parenters! {or intravenous) nutrition, ejther
alone or i a combination thereof. In some embodiments, the post-partum developmental age
of a subject can be “post-menstrual age” or a “post-menstrual developmental age’.

{6877} For example, orat feeding can be withheld for 1 day, 2 days, 3 days. 4 days, 5 davs,
6 days, 7 davs, 8 days, 9 days, 1 days, 11 days, 12 days, 13 davs, 14 days, 15 days, 16 days,
17 days, 18 davs, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27
davs, 28 davs, 29 davs, or 30 days.

8078} Non-hmiting examples of biologics comprise stem cells and transcription factors.
The small mtestine epithehum 13 m 8 constant dynanuc state of flux and replaces itself every
3-6 days. This continuous renewal 15 necessary for maintenance of normal gut structure and
function. Further, non-Himiting examples of iranscription {actors include those that can be
expressed and used for enterocvie differentiation, such as the Kruppel-like factor (GKLF or
KLF4) fanuly.

166791 In embodiments, the feeding regiment can comprise an internutient feeding
regiment. For example, during an extended period of withholding oral feeding, there may be
one ov more days of feed. For example, feeding can be withheld for about 2 days, 3 days, 4
days, § days, 6 days, 7 days, ¥ days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15
days, 16 davs, 17 davs, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 davs,
26 days, 27 dayvs, 28 days, 29 days, or 30 days, during which time there may be one or more
days of oral feeding. For example, a doctor may sespect NEC and withhold feeding fora short
perind of time, such ay one day or two days, wti! {ab tests/examinations suggest that the baby
does not have NEC, at which time they would resume {eeding again. Several hours or days
tater, there may be another NEC scare and food would be withheld from the baby again for a

period of time. Intermittent feed can oceur one or more tires throughout a subjects stay in the

Ss
o
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hospifal. Such intermitient feeding may allow the climician o determune the tolerability to
feading of the subject. In other embodiments, intermitient feeding may be recommended for a
subject at risk of developing a pastrointestinal disorder. Qther objects and advantages of this
mvention will become readily appavent from the ensuing description.

[BO80]

BRIEF DESCRIPTION OF THE FIGURES

{66811  The patentor application file contains at teast one drawing exeauted in color. Coples
of this patent or patent application publication with color drawing(s) will be provided by the
Office upon request and payvment of the necessary fee.

{00821  FIG. 1 shows the longitudinal measurements of total fecal protein, 1AP enxvmatic
activity, and impwmnoblot detection of 1AP protein is depicted for two pre-tenm infants. (A}
Patient 1 was bom at 30 weeks of gestation, developed NEC at 7 days of hife, was treated
medically and subsequently bad recurrent NEC and an infestinal perforation on day of fife 31
Infant recovered after placement of an itraperitoneal drain and 10 additional days of bowel
rest and antibiotics. Red symbols and columns represent NEC episodes. 7A and 7B referio 2
separate stool samples collected on day of life 7, one prior o and one following the diagnosis
of NEC. (B) Patient 2 was born at 25 weeks of gestation, developed abdominal distension,
suspicious for NEC, on DOL 19 {green svimbol and columm). Infant responded quickly o
medical management and enteral feedings were soon resurned. Patient developed defimite NEC
{red symbol and column) on DOL 32, requiring assisted ventilation and aggressive medical
management, but recovered folly by DOL 48, The tables below each figure illustrate which
fecal assays met the criteria for NEC (+) and which did not (). These oritenia were defined by
values outside the 95% confidence interval for control values. Risk for NEC was considered
increased il protein concentration exceeded 1.8 mp/mi 1AP sctivity was less than 979 mUimg;
or IAP protem detection by wesiern blot excesded 10.7% of controll  Abbrevigtions: ip,
intestinal perforation; ad, abdominal distension; MW molecular welght ladder; and kDa,
kilodalton.

{08831 FIG. 2 shows increased concentration of total fecal protein, decreased fecal 1AP
enzymatic activity, snd increased 1AP detection on western blot at the time of NEC diaguosis.
In the following panels, red circles represent individual stool samples collected during 7
distinet NEC events from ¢ patients; black circles represent a composiie aversge % standard

~
’.’

arror of 2-17 stool samples from 12 control patients. Red and grey columns represent the mean

= standard error of gl samples collected in NEC events and of all samples from control
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subjects, respeetively. (A) Protein concentrations were higher in stool samples from patients at
the thoe of NEC diagnosis compared with control samples (p-value = 8.005). (B) 1AP activity
wias lower in stool samples from patients at time of NEC diagnosis compared with control
samples (p-value < 00001} {C) Amount of 1AP protein in stool, quantified by comparison
with a positive control standard, was higher in patients at the time of NEC diagnosis compared
with control samples {p-value=0.002). Statistical test: Mann-Whitney.

[6084] FIG, 3 shows fecal 1AP-related measurements have high specificity and sensitivity.
{A) 3-dimensional scaiterplot of measurements for our biomarker candidates, where red
diamonds represent NEC samples and black circles represent contrels. (B) A 2-dimensional
projection of the 3-dimensional scatterplot that relates exclusively to 1AP activity and western
blot fntensity measwrements. {C) Sensitivity and specificity curves for each biomarker
candidate ndividually, as well as for a combined Naive Bayes Classifier that considers all 3
features simulianeously. Analysis covers 49 samples with 13 NEC samples, 9 NEC patient-
derived control samples, and 27 control patient-derived control samples, The Spearman
cotvelation coefficient was 0.19 for comparison of western blot intensity and total protein
content, ~0.48 for {otal protein content and 1AP activity, and -0.58 for 1AP activity and western
blot mtensity,

{8085} FIG, 4 shows demographic information of the study subjects. Averages and standard
deviations ave shown for gestattonal age and birth weight. Distribution of gestational age,
gender, and Bell stage is also reported.

[0886] F1G. 5 shows Alkaline phosphatase achivity wis mostly due o intestinal alkaline
phosphatase (AP Activity was inlibited by L-Phe which 15 g specific inhibitor of intestinal
alkaline phosphatase activity. There was no observable difference i the degree of mhibition
between NEC samples and control samples. NEC samples showed 90% inhibition with
standard deviation +/-10, Control sanples showed 91% inlubition with standard deviation of
+-9. This represents 12 samples from 6 NEC patients and 64 samples from control patients
{=18).

[8087} FIG. 6 shows demographics of patient enrollment in study,

[8088] F1G. 7 shows 1AP activity was lower in stool samples froam patients at time of NEU
diagnosis compared o control samples. The red circles represent 1AP activity during 7 distinct
NEC events of 6 patients {post conceptual age: 29-43 weeks). Each black circle represents a
composite average +~ SEM of 2-8 stool samples from each of 12 controls {post-conceptual

ages 29435 weeks). Statistical significance analvsis: Mann-Whitney Test, P<0.0001.



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

{8089] FIG. 8 shows tofal fecal protein was fagher in stool samples from patients at the time
of NEC diagnosis compared to control sanples. The red circles represent total fecal protein
levels duning 7 distinct NEC events of 6 patients {post concepiual age: 29-43 weeks). Each
black circle represents a composite average =/~ SEM of 2-16 stool samples from 12 controls
{post conceptual ages: 29-45 weeks). Statistical apalywis: Mann-Whitney Test, P=(.003

[66940] F1G. 9 shows the intensity of 1AP protein signal quantified as a percentage of positive
conirol sizoal was awuch higher i stool samples {rom: patients at the time of NEC diagnosis
compared to confrof samples. The red circles represent the inlensity of 1AP protein signal

during 7 distinet NEC events of 6 patients {post conceptual age: 29-43) Each black circle

analysis: Mamn-Whitnev Test, P=(.002

{8091} FIG. 19 shows there are decreased fecal 1AP enrymatic activity, increased total fecal
protein and increased (AP detection on WB at the time of NECU diagnosis. (&} Ilustrates
longitudinal measurements of 1AP activily, total fecal protein and 1AP enzymatic activily in a
NEC patient who subsequently developed perforation. The red points and colunms represent
NEC episodes. There 1s a precipitous decrease i fecal 1AP activity comresponding to time of
diagnosis demonstrating focal 1AP activity gs a diagnostic tool for NEC, There is emergence
of intense 1AP protein detection on western blot. The patient completes 14 days of treatment,
but had an intestmal perforation {ip) on day of life 31, After 10 additional days of bowel rest
there was no longer strong detection of AP by the anti-1AP antibody and & trend towards higher
AP getivity, (B) There is a similarly observed decreased fecal iAP activity and mcreased 1AP
amounts at the tune of NEC diagnosis in a second patient. The green point represents an episode
of bloody stool and corresponds to suspected NEC with bowed distension (hd). There was
emergence of 1AP detection during NEC surveillance that was no longer evident until NEC
diagniosis on day of hife 32, Again noted was a drop in activity surrounding the diagnosis of
NEC {red dot and column) and trend towards bigher activity and decreased 1AP detection on
WH after recovery. {C) NEC was associated with low fecal 1AP activity, ugh fecal protein and
hizh fecal 1AP amounts {on WE). Three samples from 3 NEC patients (labeled N, red columns)
at the time of NEC diagnosis were are matched with 3 samiples from 3 control subjects (labeled
C, white cohamng) with similar gestational and chronological age. The difference w group 3 s
less sinking and can have represenied subelinical disease in n premature miant with feeding
intolerance (D) This figure represents sequential stool sampling pre-diagnosis {labeled pre,
white column) and at the thme of diagnosis {(labeled d, red colunm) in 4 NEC patients with

corresponding 1AP enzymatic activily, total fecal protein and AP detection ont western blot.
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[8692] FIG, 11 shows that combining #ll 3 biomarkers has possible clinical utibly and
improvement 1n sensitivity and specificity. Figure Represents data points from ¢ NEC patients
and 7 controls with a total of 31 samples mcluded. (A) illustrates a 3D scatterplot graph
comparing WB data, fecal 1AP activity and fecal protein The red diamonds represent averaged
total fecal protein, 1AP activity and WB percentage of fecal samples from NEC patients at the
ttime of diagnosis. The black circles represent averaged total fecal protem, 1AP activity and WB
percentage of control points (inclusive of NEC patients in disease-{ree period) (B) Represanis
a 2D scatterplot graph that shows the relationship between fecal 1AP activity and WB
percentage. There Is clustering of control samples (black circles) in Jower WB percentage and
tendency towards high activity, The opposite 1s demonstrated with NEC samples whereby there
1s higher WB percentage and low activity. {C) Schematic illustrating Natve Baves Classifier
used 1o demonsirate sensitivity and spectficity of all three blomarkers ndividually and in
combination to improve performance.

{8693} FIG. 12 shows there was an identifiable trend towards lower fecal protein (Pangl A)
and higher fecal 1AP enrymatic activity (Panel B) in those infants who tolerated foeds well and
advanced rapidly {o full feeds without issue. Graph represents average total fecal protemn and
fecal 1AP activity i stool from 10 control patients duning the first month of fife related 1o the
duration of time until achievement of full enteral feeds.

[0094] FIG. 13 shows stonl samples cap be beterogevecus. There were two idenpifiable
consistency compartments in a stool sample from a NEC patient. The stool compartments were
separated aud western blots were run on each compartment separately with differing results.
[8695] FIG. 14 shows relative 1AP content, 1AP activily, and protein concentration. NEC was
classified according to the cniteria of Bell et al. and medified by Walsh and Kliegman. For
this analysis, the term ‘suspected NEC is stage | and the “proven NEC is stage I and more
severe stages; the term “perforated NEC™ was used only to describe stage HIB. Information
from chayt review was used to diagnose stage L Radiographic determination of stage I
required a record of paeumotosis intestinalis.

[8696] FIG, 15 shows immunolustochemical staining of ilestinal tissus,

{8697} FIG. 16 shows schematic showing the many fanctions of 1AP,

{6698} FIG. 17 shows fecal tolal protemn content was higher in NEC pavents than i control
infanis:

{80991 FIG, 18 shows fecal AP catalytic activity was consistently lower in NEC population,
00100} FIG. 19 shows AP enzyme activity at time of NEC diagnosis was always

lower in matched patient samples,
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{80101} FIHG, 20 shows high levels of 1 AP proteim are detected in association with
joa102} FIG. 21 shows increased fecal 1AP protein levels in NEC episodes,

81031 FI1G. 22 shows increased 1AP protein levels and decreased iAP enzyme

activity 1 NEC episodes.

00104} FIG, 23 shows a schematic for testing for von-specilic binding of secondary
antibody. Without being bound by theory, the ensyme assay can be conductad with justa
secondary antibody conjugated with AP,

{60105} FIG, 24 shows chinical data that separates NEC dingnosis that matches Xeray
and NEC suspicion {(defined by neonatologists) and controls, demonstrating that the
biomarker(s} can molecularly define NEC earlier.

jaa106] F1G. 2815 a bar graph showing that measurement of alkaline phosphatase can
be confounded by signal from secondary antibodies. Isolated alkaline phosphatase can
catatytically hydrolyvze MUP to form the fluorescent product MU, Secondary antibodies,
conjugated to AP, from two different commercial manufacturers can also hydrolyze MUP to
form fluovescent product. When both alkaline phosphatase protemn and the secondary
anttbody are in the same measurement, there i1s an increased level of catalytic sctivity
ohserved. This can be monitored by both standard spectrophotometric readings of

brochenucal activity and by Western blot.

08107} FI1G, 26 shows the risk of non-NEC o NEC traasition and NEC to non-NEC
iransiion.

[60168] FIG. 27 shows a schematic of a Transition Model.

{66109} FIG. 28 shows bivariate analbysis of abundance and catalytic abibity of

intestinal alkaline phosphatase found in preterm infant stool, Biospecimens sampled at the
time of disease are shown in colored circles: suspected necrotizing enterocolitis is in pink,
severe pecrotizing enterocolitis is in ved, late-onset sepsis is in blae. Complementary control
groups are shown i open grey circles

[66110] FIG. 29 shows analyses of intestinal alkaline phosphatase, found in preterny
infant stool, relative to radiographic clinical evidence of dlagnosis. Abundance of AP in
infant stood samples, relatively to lanan small intestinal Tysate, 13 shown in the left panel.
Biospecimens sampled af the time of chinical determination of disease (vertical blue bar) are
shown i colored circles; samples collected prior and post-disease, from infants who did have
NEC, are shown in open red diamonds; samples collected from non-NEC patients are shown

in grey. Normalized tAP abundance and normalized 1AP catalytic activity of 1AP were

272

Py
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mliiphied to vield a propensity score {(NECPredict) and these scores are shown on the right
panel. The box plots shown the median valies of NECPredict at the time of climcal
diagnosis {red box on x-axis day zero), s well s two, four, and six days prior to radiological
determimation of disease. Also shown ave the boy plots for NECPredict values obtaned from

non-NEC infant samples. Whisker method 1s adjacent data points and quartile method s

Tukey.
[60111} FIG, 30 shows {A) relationship between NEC, sepsis and gut defense

mechanisms. Microbiota create disiinet ecosystems i the gut hunen and muwcosa. Various
mucosal nucrobiota, both conunensal and pathogenic, regulate intestinal impume function of
the infant host. Activation of innate & adaptive inunung svstems by the microbiota in turn
regulates svstemic munene responses, In sepsis, inunune responses i distant organ are
triggered due to extreme signaling. Host proteins AP {green), TLR4 and IL-8 {blue) are
protemns involved i mucrobiols responses at early and later stages of mBammation. (B)
Preemie standard of care requires new methods to memitor NEC disease. Gold standard for
diagnosis is x-ray {bhie box) and identifies only 44% of advanced NEC cases; other
diagnostic methods (hght blue boxes) are bedside observable states, but not molecular
definitions Current management choices in NEC (white boxes) are contrasted with potentigl
clinical outcomes {red boxes} from use of proposed biomarkers {green}.

jpo112} FIG, 31 shows amount of 1AP protein and its catalyhic activity were measured
in stool samples. (A} Inmmunoblot-analysis showed that relative 1AP content detected in a
serial dilition of hurnan small intestinal lysate had a hinear relationship, if calibrator 15 <lug.
Immanoblot bands ave white against a black background. Log-log plot of signal versus
calibrator is superimposed; averages and SEM of 5 replicates are shown. (B} AverapesSEM
of 1AP content for samples free of disease (white), diagnosed with NEC (red), suspected of
having NEC {pink} and diagnosed with sepsis (biue} are shown. Quantitation of 1AP in each
sample was deternuned using human intestine as the maxinnom positive control in hinear
range (100% 1AP content) and calf 1AP as the negative controd (% 1AP content). Astenisks
denote p-values <0.001 and significant differences hetween medians in disease-state versus
control, using Mann-Whitney U-test. Immunoblot efhicacy was assessed via
sensiivity/specificity calculation for NEC diagnosis (C) and sepsis {D), using a simple
thweshold-based classifier. (E) There is direct correlation between stool 1AP activity and post-
conceptaal age {PCA). Shown are averages and standard errors, binned by PCA. N=14-33
samples per control PCA bin. (F) AveragesSEM of enzyme activity for samples free of

disease (white}, diagnosed with NEC (red), suspected of having NEC {pink) and diagnosed
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with sepsiz (blue) are shown, Asterisks denote p-values <005, Senstlivity/specificity of 1AP

activity hiomarker was assessed for samples at ime of NEC diagnosis (G) and sepsis (H).

[06113} FIG. 32 shows stimulation scenarios considered for sample sixe justification.
j681 14} FIG. 33 shows power analysis resolts for different effect sizes.
[BB118] FIG, 34 shows 1AP peptides that can be used as calibrators for mass spectral

quantification. (A) Amino acid sequence alignment of human alkaline phosphatases:
intestinal alkaline phosphatase (AP, POR921}, placental-like alkaline phosphatase {(PLAP;
PO31R7), tissue nonspecific alkaline phosphatase {TNAP; PO3186), and germ-cell atkaline
phosphatase (GCAP; P10696). Boxes P1-P6 feature 6 peptides which bave unique mass
spectral signatures that discriminate between the fouwr human AP proteins. (B) Allelic
frequency of nussense, single nucleotide polvmorphism catalogues i the human population.
{C) Sequences of the six 1A peptides amenable for mass speciral guantification of protem
abundance and single nucleotide missense polymorphisms identified for each residue
position, Peplide with smallest deviation from rero on the x-axis and lowest polymorphic
frequency on y-axis is best candidate for MS reference standards.

{66116] FIG. 38 shows association of Necrotizing Enterocoling (NEC) and Late-Onset
Sepsis with Gut Defense Mechanisms, A-C, Physiclogical and structural changes i the gut,
associated with NEC, ave overlaid in the cross-sectional view of the small infestine. Research
efforts to develop an NEC biomarker bas focused on proteins in ooty cascades and
dysbiosis of the microbiome, Our approach focused on host proteins involved in microbinta
managament. D, Prospective enrollment of premature infants with NEC and other confirmed
infections. B, Workflow of stool sample preparation was optimized for assay reproducibility
and standardization. Gl indicates pastrointestinal; IAP, intestinal stkaline phosphatase.
66117} FIG. 36 shows chintcal charactenistics of patients with severe NEC, suspected
NEC, or no NEC, Abbreviations: IQR, interquartile range: NA, not applicable; NEC,
necrotizing enterocolitics NICU, neonatal intensive care unit; NPO, nil per 0s; PCA,
posteencepiual age. (1) Using the appropriate method {analysis of vaniance, Kruskal-Wallis,
or Fisher exact test) to compare differences among groups, £ < .05 indicated that there were
statistically significant differences among the 3 infant populations. {(b) Identified as more than
1 race by parents.

66118} FIG. 37 shows clinical charpetenstics of patients with other confivmed
mfections, Abbreviations: (f, gasiromntestinal; 1QR, interquartile range; NA, not applicable;
NEC, necrotizing enterocolitis; NICU, neonatal mtenstve care unit; NPO, nil per os; PCA,

postconcepiual age, {(a) Using the appropriate method (analysis of variance, Kruskal-Wallis,
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or Fisher exact test) to compare ditferences among groups, P < 08 indicated that there were
statistically significant differences smong the 3 infant popudations. (b) Identified as move than
1 race by parents.

|11 19] F1G. 38 shows association of Fecal Intestinal Alkaline Phosphatase (1AP}
content and activity with necrotizing enterocolitis (NEC) and other confirmed infections. A,
Box and violin plots of fecal abundance and activity of TAP are shown for saraples collected
at the time of severe {n = 20 and suspected NEC {n = 13}, Samples from patients with no
NEC {n = 86}, age-matched at the time of sample collection for NEC, are also shown. Box
plot whiskers mark 9th and 9 1st percentiles. B, Receiver operating characteristic curves for
IAP abundance (filled circles) and activity (open circles) in samples collected during severe
{orange) or suspected (brown) NEC. €, Box and violin plots of fecal abundance and activity
of LAP are shown for samples collected duning sepsis {n = 18), other non—gastrointestinat
{(G1) wract infection (n = 10}, and age-matched control patients (n = 91). Box plot whiskers
mark 9th and 91st percentiles. D, Receiver operating characteristic curves of LAP abundance
{filled circles) and activity {open circles) in samples collected during sepsis (dark blue} and
other non~GT fract infections (Hght blue). (2) P < 001 (b) P = 005

j66120] FIG. 39 shows control experiments demwonstrated operstor reproducibilive,
antibody reagent specificily, and biospecimen specifity. Five different operators performed
{A)} activity assay measurervents and (8) 1AP content determinations in the patient stool
samples; dotied line marks the 111 correspondence between replicate | and replicate 2. (3
The anti-human 1AP antibody used in this study was tested against human small intestine
lysate {G1), purified buman placental alkaline phosphatase (PL), purified human tissue
nonspecific alkaline phosphatase (TN), and bovine mtestingl alkaline phosphatase (¢l
Quantitation from densitometry for the total amount of AP is listed as the average and SE:
0.0 £ 0.1% (GI); 1.0 = 0.4% (PL)Y; 0.9 = 0.5% (TN}, 0.3 = 0.1% (o)) N=3., (I} Quantitation
of immumoblot method used had a linear response to the amount of human tntestingl alkabine
phosphatase.5-7 The mean relative fuorescence onits and standard error for the total iAP
{open triangzles) 216,692 £ 14,533 for 7.5 pp 233,533 £ 20,264 for 3.75 ppy 211,176 %
132,267 for LTS pp; 142,834 & 13,019 for 0.938 pe; 75,727 % 7,637 for 0.469 ug; 44,101 =
1410 for 0234 pg; 182344 450 for 0,117 pe; 4918 4 349 for 0.059 pg; 1,164 479 for
and stoob AP

activity, if seram clinical test and stool sample were collecied on the sample day. No

{4,029 pgoand 2272 57 for 0.003 pp. () Comparison of serum AP activity

relationship was observed between serum AP activily and stool 1AP activity measurements.

N=14R; solid line is best linear fit between stool 1AP activity and serum AP activity,

]
LA
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{80121} FIG, 40 shows sequence alignment of 4 human Alkahine Phosphatases and

Calf Intestinal Alkaline Phosphatases. Sequences were shown are human iitestinal alkaline
phosphatase (IAP human; PO9923 Uniprot 1D}, calf intestinal alkaline phosphatase (AP
bovine; P19111), germ cell alkahine phosphatase {GCAP human; P1O696), placenta-like
alkaline phosphatase (PLAP hwman, POSIET), and tssue-nonspecific alkaline phosphatase
(TNAP human, POS1R6). Signal peptide is 1 grey at the N-terminus of the sequences,
Propeptide is in grey ifalics at the U-terminus of the sequences. Residues involved in metal
binding are annotated with an asterisk; candidate glycosylation sites have a # symbol
Secondary structure motifs are shown from the human placents alkaline phosphatase crystals
{(PDB 1D 1EW2). Color heat map of mumber of polymorphisns found m the human

popuiation are overlaid on the TAP lnenan sequence.

DETAILED DESCRIPTION OF THE INVENTION

{08122} Abbreviations gnd Definitiony

{00123} Detailed descriptions of one or more preferred embodiments are provided herein. It
is to be understood, however, that the present invention can be embodied in various forms.
Therefore, specific details disclosed herein are not to be interpreted as limiting, bat rather as a
hasis for the claims and as a representative basis for teaching one skilled in the art 1o employ
the present invention it any appropriate manner,

jee124]  The singudar forms 27, “an” and “the”™ include plaral reference unless the context
clearly dictates otherwise. The use of the word “a” or “an™ when used i conjunction with the
term “comprising” in the claims andior the specification can mean “one,” but i 15 also

R

consistent with the meaning of “one or more,” "at legst one,” and “one or move than one.”

% L % L

{66128} Wherever any of the phrases “for example,” “such as,” “including” and the like i3
used hevein, the phrase “and without Hmitation™ 15 understood to follow unless explicitly stated
otherwise. Similarly “an example,” "exemplary™ and the like are understood to be nonlimiting.

N

[e0126] The term “substantially” allows for deviations from the descriptor that do not
negatively impact the imtended parpose. Descriptive terms are understood to be modified by
the term “substantially™ even if the word “substantially” is not expheitly recited.

[60127} The terms “comprising” and “including” and “having” and “mveolving” (and

stmtlarty “comprises”, “includes,” “has,” and “involves™) and the hike are used inlerchangeably

and have the same meaning, Specifically, each of the terms is defined consistent with the

26
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comumon Untted Sates patent law definition of “comprising” and is therefore interpreted to be
av open termy meang “at least the following,” and is alse interpreted not to exclude additionat
features, hmitations, aspects, ete. Thus, for examyple, “a process involving steps a, b, and ¢”
means that the process includes at least steps a, b and ¢. Wherever the terms “a” or “an™ are
wsed, “one or more” 1s understood, unless such interpretation is nonsensical i context.
{00128} As used herein, the term “about”™ can refer to approximately, roughly, arcund, or in
the region of. When the fenm “about” is used in conjunction with a nunzerical range, it modifies
that range by extending the boundaries above and below the numerical values set forth. In
general, the term “abowt”™ 18 used herein to modify a numerical value above and below the stated
value by a variance of 20 percent up or down (ugher or lower).

[88129] The present invention 1s directed to compositions and methods to detect and

treat gastrointestinal diseases.

{68136} Gastrointestingl Diseases
{80131} Gastrointexstinal diseases refer to diseases involving the gastrointestinal tracts.

For example, necrotizing enterocolitis (NEC) 15 an acquired gastrointestinal disense often seen
in pre-term infants, n NEC, bacteria mvade the wall of the mtestine, causing local infection
and i Bammation. NEC is characterized by high mortality and long~term morbidity, including
short gut syndrome, recurrent mfection, nutritional deficiency and newrodevelopmental delay.
Despite an overall net decrease i mortality for premature infants, there has been an imncrease
in NEC-associated deaths, NEC is often difficult to diagnose and manage, due to ininal
nonspectfic symptomatology and rapid deterioration.

[66132] In addition to necrotizing enterocolitis seen in neonates and preterm neonates,
necrotizing enterocolitis can also affect non-neonates. For example, necrotizing enteracolitis
in non-neonates, such as adulls, can result from inflammatory mediators; nutritional disorders,
such as anovexia or significant weight loss: gastrointestinal dysfunction; alcohobism;
malabsorption; agents that block intestinal proteases; smoking; circulatory distwrbances, such
as reduced mesentenic blood flow, bowel ischemia, atherosclerosis of the bowel artsries;
chotelithiasis; administration of drugs; mmanological deficiencies, such as of the Iga
secretory component or intestingl T-lvmphocytes coupled with poor antibody response; fecal
impaction or constipation; or inlectious agents, such as bacterial infections, food bome

infections and food bome 1lnesses.

2]
e}
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{86133} Now-limiting examples of such drugs inchde those with anticholinergic

propertes, such as neuroleptics or phenothianne-based newroleptics, narcotics, inflammatory
mediators, sutidepressants, ivon pills, laxatives, or antacids,

jB0134] Non-hmiting  examples of such infectious agents comprise bacteria like
Klebsiella, E. coh, Enterobacter, Pseudomonas, Closindia and Staphylococcus epidernudis,
viruses like Corona virus, Rota virus and Eniero virus and rarely, fungt like Candida alhicans,
Enteropathogenic viruses are beligved 0 infect epithelial cells resulting v cell destruction,
necrosis and intestinal perforation.

{66135} Constipation ov fecal impact can have many different causes known to art, son-
himiting examples of which include sntacid medicines containing calcium or alumunum,
changes m diet or activibies, colon cancer, dairy products, eating disorders, newrological
conditions, inactivity, dehydration, consunung fiber, overuse of laxatives, pregnancy, digestive
disorders, resisting the urge to have a bowel movement, medications, stress, or hypothyroidism,
{80136} Aspects of the mvention pertam to gastrointestinal diseases. Gastrointestinal
diseases refer to diseases mvolving the gastrointestingl tract, namely the esophagus, stomach,
small mtestine, large intestine and recium, and the accessory organs of digestion, the hver,
salibladder, and pancreas. For example, such diseases can result from infections, sutoinunune,
and phystological states. Non-limiting examples of gastrointestinal diseases include colitis,
mflanynatory bowel disease {(IBD), gastritis, gastroentenitis, pyloric stenosis, gasine cancer,
infectious diarthea, fecal bmpaction, constipation, intestinal obstruction and pseudo-
obstruction, or malabsorption. In addition o necrotizing enterocolitis {(NEC), non-limiting
examples of types of colitis comprise adult necrotizing  enterocolitiy  (ANECH),
pseudomembranous  enterocolitis, infectious colitis, ulcerative colitis, Crohn's disease,

ischemic colitis, radiation colitis.

[a137]  Intestingl alkaline phosphatase (AP

{00138} Using a single 100-150 mg stool sample from three healthy human donors, 234
human proteins, secreted from the gastrommtestinal tract, were identified. Of thess, a cors
proteome of 37 proteins, conunon between these three human individuals, was identified.
Despite the reproducible presence of this core proteome, the relative abundance of most shaved
proteins varied between the three hunan subjects, suggestive that the core proteome can be
used for identification of host-specific proteontic signatures,

{80139} Intestinal  alkaline phosphatase (1AP} is expressed in small intestinal

enierocyles, co-secreted into the mtestinal lumen and systemic circulation and plays an wtegral
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role in maintmping gut barrier function by detoxifying bacterial lipopolysaccharides and
natitaimng pucrobial honweostasis. A the primary alkaline phosphatase in stool, 1AP has been
identified as one of the 37 proteins in the core human stool proteome.

jBa140] Aspects of the mvention periain to methods for diagnosing a8 gastromtestinal
disease in a subject. For example, the method comprises the steps of obtaining a sample from
the subject; detecting the presence of gt legst one Gl disease biomarker i the sanyple,
whergin the (Gl disease biomarker comprises infestinal alkaline phosphatase (IAP) protein;
comparing the Gl disease biomarker profile to that of a profile obtained from a conirol
samiple; and treating the subject. Embodiments can also be divected towards preventing the
progression of a gastrointestinal disease in a subject in need thereof, and ameliorating the
symptonts associated with a gastrointestinal disease in a sabject in nead thergof. In
embodiments, the control sample can comprise a two or move coutrol samples.

[pot4i} As used herein, “changed as compared to a control” sanple or subject 15
anderstood as having s level of the analyte or diagnostic or therapeutic indicator {e.g., marker
such as 1AP) to be detected at a level that is statistically different than a sample froma
normal, untreated, or abnormal staie control sample. Determination of statistical significance
is within the ability of those skilled in the art, ¢.g., the sumber of standard deviations from
the mean that constitute a positive or negative result and the statistical analyses to amive at
these intervals.

{66142} if a subject s diagnosed with & Gl disease, embodiments of the mvention
comprise reating the subject. For example, treating the subject can comprise administering to
the subject an effective amount of antibictics, probiotics, intravencus fhwds, an AP
replacement composition, parenteral (or infravenous) natrition, or a combination thereof. An
additional therapeutic approach can be withholding food from the subject. Non-limiting
examples of ap 1AP replacement composiiion compwise gene of protein replacement
COMPOsHions.

60143} The tenmn “administration” or "adwinistering” can refer o mtroducing &
substance, such as 1AP protein or an antibiotic andfor an antifungal, into a subject. In general,
any route of adounistration can be utilized inclading, for example, mtracoronarilly,
mtramyocardially, ntravenonsly, mtraartenially, or any combimation thereof. For example, the
1AP can be administered to the subject prior to. concurrent with, ot subsequent to disgnosis of
a G disease such as NEC.

0144} Protein therapy can be accomplished by any method that effectively imtroduces

AP protein or a fragment thereol o the subject 10 restore or enhance AP activily. An
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effective amount of an JAP protein (for example an amount safficient to reduce or eliminate
the symploms associated with gastroitesting] diseases) can be adminstered alone or n
assocration with an agent that facilitates the adnunistration or activity of the protein. The
"effective amouwnt” can be determined by one of skill in the art based on such factors as the
type and severity of symptoms being trented, the weight andfor age of the subject, the previous
medical history of the subject, and the selected route for admimstration of the agent.

[60145] in embodinments, 1AP protein can be associated with lipids, such as detergenis
or other amphipathic molecule nucelles, membrane vesicles, Hposomes, virosomes, of
nucrosomes. Lipid compositions that are naturally fusogemic or can be engineered to become
fusogemc {2.2. by incorporating & fusion protein into the lipud) are especially preferred. Fusion
proteins can be oblained from vinuses such as parainfhuenza viruses 1-3, respiratory syncyiial
virus (RSV), influenza A, Sendai vivus, and togavirus fusion protein. Nonviral fusion proteins
inclade normal cellular proteins that mediate cell-cell fusion. Other nonviral fusion proteins
mcloude the sperm protein PH-30 which is an integral membrane protein located on the surface
of sperm cells that is believed to mediate fusion between the sperm and the egp. Sull other
nonviral fusion protemns include chimeric PH-30 proteins such as PH-30 and the binding
component of hemaglutinin from influenza virus and PH-30 and a disintegrin {c.g. bitistatin,
barbourin, kistrin, and echistatin}. In addition, lipid membranes can be fused using traditional
chemical fusogens such as polvethylene glveol{PEG).

80146} in embodiments, a subject can be treated by admimstration of an effective
amount of 1AP protein, optionally in a pharmaceutically acceptable carrier or diluent. An
effective amount of AP profein can be an amount sufficient to alleviate the symptoms of a
gastrointestinal  disease. AP can be adnunistered  subcutaneously,  intravenously,
intraperitoneally, intramuscularly, parenterally, orally, subnwicosally, by inhalation (for
sxample of an aerosolized pharmaceutical composition), or other appropriate route of
adnunistration in an effective dosage range. I necessitated by a particolar mode of
adnunistration, 1AP can be encapsulated within a material that protects it from enzymatic
degradation. In addition, prior to administration, if can be useful o administer agents to clear
bacierial mfection.

{66147} Alternatively, a preparation of the gene encoding 1AP or a lisgrent thereof can
he mcorporated into a suitable vector for delivermg the gene into g subject’s cells. In
smbodiments, the 1AP gene therapy can be transient and require repeated delivery to the
subject. In other embodiments, gene therapy can offer a cure for the gastrointestinal disease.

For example, if genetic material encoding 1AP is incorporated into stem cells of a subject, all
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subsequent gensrations of such cells can make authentic 1AP from the integrated sequences
and would correct the defect. Non-hnuting examples of approaches and vectors that can be
useful for perfornung 1AP gene therapy include retroviruses, adeno-associated viruses, naked
DNA, DNA-hpid complexes, receptor mediated entry, or adenoviras.

[0 148} Non-hnuting modes of admmistration of treatment comprise infravenous {IV);
intranwicosal; intramuscuolar; subcutaneously, and non-invasive modes of admbustration, such
as oral, infranasal, buccal, indrapulmonary, intrabronchial, and ransdermal.

[66149] Aspects of the invention further pertain to mwethods for screeming for the
presence of a signature in a sabject at risk of developing 4 gastrointestinal disease or a subject
with 8 non-symptomatic gastroiitestingl disease. For example, steps of the method comprise
cbtaining a sample from the subject; measuring at least one GI disease biomarker in the smnple,
wherein the Gl disease biomarker comprises intestingl alkaline phosphatase (1AP) protein;
comparing the G disease biomarker profile to that of g profile oblained from a control sample;
and treating the subject. Similarly, aspects can also be directed towards meathods for identifving
a subject at risk for a gastromtestinal disease or a subject with a non-symptomatic

gastrointestinal disease. In embodiments, the control sample can comprise two or more control

samples.
{88150} Aspects of the invention comprise measwring total protein concentvation in a

sample, mtestinal atkahne phosphatase protein concentration in a sample, intestinal atkaline
phosphatase enzyme gctivity in g sample, or a combination thereof. Samples used in such
methods, and assavs used to collect such measurements are described herein. For example, a
subject can be disgnosed as having a Gl disease if the protein concentration in the sample i3

A

greater than about 1O mg/ml, 1.1 mp/mil, 1.2 me/md, 1.3 mg/ml, 1.4 meg/md, 1.5 mg/ml, 1.6
mgml, L7 mg/ml, L8 mg/ml, L9 mgiml, 2.0 mg/ml, 2.1 mg/ml, 2.2 mg/ml, 2.3 mg/mi, 2.4
me/ml 2.8 mediml, 2.6 myiml, 2.7 mpiml, 2.8 mpiml, 2.9 mpiml, 3.0 mg/ml, 3.1 mgind, 3.2
mgfml, 3.3 mefml, 3.4 medml, 3.5 medml, 3.6 mg/ml, 3.7 mgfmd, 3.8 mgiml, 3.9 mgiml, 4.0
mg/ml, 4.1 mgfml, 4.2 mgiml, 43 mg/mi, 4.4 mg/mi, 4.5 mg/ml, 4.6 mp/ml, 4.7 mp/ml, 4.8
mgml, 4.9 meiml, 5.0 mg/ml. As another example, a subject can be diagnosed as having a (G1
disease if the 1AP activity is lower than about 1 milmg, 20 mUimg, 30 mUimg, 40 ndimg,
50 mimg, 60 mUbng, 70 mUimg, 80 mUfmg, 90 mUlimg, 100 mUimg, 200 mUimg, 300
mUimyg, 400 mUlmg, 500 mUmg, 600 ;mUhmg, 700 mUimg, 800 mU/mg, 900 mUimg, 1000
mUimg, 1100 mi/mg, 1200 mUimg, 1300 ol mg, 1400 mU/Mg, § Wimp, 10 Uimg, 36 Ulmg,
100 Udmg, 200 Uimg, 300 Uimg, 400 U/mg, 500 Usmg, 600 Usmg, 700 Usmg, 800 U/mg, 900

Uimg, 1000 Usmg, For example, a subject can be diagnosed with a gastrointestinal disease 1f
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the protein concentration in fecal sanypde 1s greater than about 1.6 mg/mi, or greater than abowt
1.8 mgdml; if the 1AP activity i lower than abowut 979 iy, or lower than about 1256 mtimg;
or if the level of 1AP protein is at least two standard deviations above the mean of the control
sample. As another example, a sobject can be diagnosed as having a GI disease i the level of
AP protein is greater than aboul 05%, 1%, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10% . 20%,
30%, 409, 50%, o0%, 70%, 8%, S0%, 100%, 125%, 150%, 175%, 2000, 225%, 250%,
275% of a control sample. For example, the subject can be diagnosed with a gastrointestinal

-
!
4

disease if the AP proteln detection by anti-1AP antibody exceeds 1.7 of control via
densitometry, or m excess of 4.8% of control via densitometry. In other embodiments, a subject
can be dmgnosed with a gastrointestinal disease if two of the thresholds are met, or if all three
thresholds are met. In embodiments, the conirol sample can comprise a two or more control
samples.

[po1s51} The term “threshold”, for example g threshold mdicative of NEC, refers to g
value derived from a phurality of biological samples, such as donor stool samples, for a
biomarker, such as 1AP protein levels, 1AP catalytic activity, or total fecal protemn levels, above
which threshold is associated with an increased hikehhood of having and/or developing a
gastrointestinal discase such as NEC.

0182} Embodiments of the invention comprise diagnosing the subject with a
gastromtesting] disease if the protein level of 1AP in the sam;ﬂe, the level of 1AP enzyme
activity in the sample, or the fecal protein levelis atleast 0.5, 1, 1.5,2,2.5,3,35,4, 45,5, or
10 standard deviations above the mean level of the controd sampk. In other embodiments, g
subject can be diagnosed with a gastrointestinal disease i two of the thresholds are met, orif
all three thresholds are met. In erbodiments, the control sample can comprise two or more
control samples,

j00153] Embodiments of the mvention comprise machine lesrning techniques or
apphications o determine appropriate clindcal thresholds. For example, such technigues
comprise those known to the field, including Natve Baves classifiers (NBC), linear
discriminant analysis (LDA), or support vector machings (SVM}. and support vecior machine
options. One of skill in the art readily understands that such a threshold valoe can vary
depending on the sample size analyzed and the staustical analyses employed.

66154} Aspects of the invention further comprise identifying andfor diagnosing both
garly stages of gasiromntestmal disease and advanced stages of gastrointestingl disease. Certan
embodiments can distingwish betyveen early stage and late stage gastrointestinal disease. For

example, erobodiments gs described herein can diagnose advanced states of inflammation, such
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a8 that identified by radiological findings of preumatosis intestinalis (portal vein or biliary
gas). Ax another example, embodiments can identify early stages of the disease before ravmpant
inflammation of the gut is physiologically evident, Physicians currently  saspect
gastromtestinal disease from a range of physical signs, sach as abdominal distension,
abdorminal lendemess, decreased bowel sounds, blood in stools, increased apnea, temperature
nstability, bilious aspirates, and feeding mtolergnce. Clinical signs for suspecting disease are
dilated intestinal loops and thickenad bowel walls from radiology. Laboratory findings for
suspecting disease are decreased platelets, decreased or mcreased white blood cell count,
increased band count, and mebolic acidosis. Embodiments can match identification of
radiological findings of pneumatosis intestinalis (portal vein or biliary gas) in advanced stages
of inflanmmation.  The method also identifies early stages of the disease before rampant

mflammation of the gut 1s physiologically evident.

{66155} Saniples

{80156} Aspects of the mvention comprise measaring or detecting biomarkers of
gastrointestinal diseases i hiological samples. Bromarkers of the invention can be measured
in differont types of biclogical sanwples, Non-limiting examples of biological sanples that can
be used in methods of the invention, although not itended to be Hinuting, include stool, plasma,
cord blood, neonatal blood, cerebral spinal fhod, tears, vomut, saliva, urine, feces, mnd
meconturs, 1 desired, a sample can be prepared to enhance detectability of the biownarkers. For
example, a sample from the subject can be fractionated. Any method that enriches for a
biomarker polypeptide of inferest can be used. Sample preparations, such as prefractionation
protocols, are optional and may or may not be necessary to enhance detectability of biomarkers
depending on the methods of detection uwsed. For example, sample preparation can be
unnecessary if an antibody that specifically binds o biomarker is used to detect the presence of
the biomarker 1n a samople. Sample preparation can involve fractionation of a sample and
collection of fractions determined to contain the blomarkers. Methods of prefractionation
imclude, for example, size exclusion chromatography, ton exchange chromatography, heparin
chromatography, affinity chromatography, sequential extraction, gel electrophoresis, mass
spectrometry, and Rguid chromatography.

106157} The methods deseribed heretn can mvelve obtaining a biological sample from
the subject, such as an infant. As used herein, the phrase “obtainimg a biclogical sample” refers
to any process for directdy or indirectly acquiring a biological sample from a subject. For

example, a biological sample can be oblained (e.g., at a pont-of-care facility, such as g

[
Lk
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physician’s office, & hospital, laboratory facility) by procuring a tissue or fluid sample {e.g.,
Mood draw, marrow sample, spinal tap} fronta subject. Alternatively, a biological sample can
he obtained by recetving the biological sample {e.g., at # laboratory facility) from one or more
persons who procured the sample directly from the sabject. The biological sample can be, for
example, feces, such as stool, a tissue {e.g., blood), cell {e.g., hematopoietic cell such as
henwatopoietic stem cell, leukocyte, or reticulocyte, stem cell, or plasma cell), veswle,

biomolecular aggregate or platelet from the subject,

{66158} Assays and Antibodies
[06159] Aspects of the mvention comprise iomarkers of GI disease. For example,

aspects comprise biomarkers of pecrotizing enterocohitis. For example, biomarkers of G
disease comprise 1AP enxvmatic activity, 1AP protein level, IAP dimenzation/dissociation,
post-translationally modified 1AP, total fecal protein, ot a combination thereof,

{80160} Aspects of the mvention comprise an assay thal measures 1AP enzymutic
activity. Aspects of the invention comyprise an assay that measwes iAP protein level. Aspects
of the wvention comprise an assay thal measures 1AP dimerization/dissociation. Aspects of the
invention comprise an assay that measures post-translationally modified 1AP. Aspects of the
mvention comprise an assay that measures total fecal protein.

B} Non-houting  examples  of  post-translational  modifications  comprises
acetviation, acylation, alkylation, armmdation, butyrviation, deanmdation, formviation,
glypiation, glycosviation, hydroxylation, iodination, ISGylation, lipoviation, malonylation,
methvlation, mynstovlation, palmitoylation, phosphorylation, phosphopantetheinylation,
prenviation, propionylation, rbogviation succtnviation, sulfation, SUMOvianen, or
ubiguitination,

j86162] AP is g homodimer; each protomer binds 4 divalent (Zn™" and Mg™) ions,
which are essential in mantaining the stroctural imtegrity and eatalytic activity of the enzymes.
tAP is one of four different alkaline phosphatases found in buman tissue that  has been
correlated with physiclogical fimation, Although it is found n high concentrations within
huminal vesicles secreted by enterocvtes on the microvith brush border, small levels of 1AP are
released mio the blood as well as the gut lumen, where i the latter travel throughout the
intestinal fract.

{06163 Embodiments of the mvention comprise measuring or detecting such
biomarkers using assays known to the art. Nos-limiting examples of assays nclude an

inumunoassay, a colorimetric assay, uorimetric assay or a combination thereol. Non-hmiting
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examples of mnenoassays comprise & westery blot assay, an enzyme-linked innnunosorbent
assay (ELISA), ronnmoprecipiiation or a combination thereof. For example, a biological
sample collected from a subject can be incubated together with a biomarker specific antibody,
such as an anti-iAP antibody or fragment thereof, and the binding of the antibody to the
biomarker in the sample is detected or measured.

0164} it ernbodimeents, the antibody or fragment thereof can be specific for tAP (anti-
1APY). The antibody can be a polvclonal antibody or a monoclonal antibody. The antibodv or
fragment thereo! can be attached to 3 molecule thal i1s capable of identification, visuahization,
or Jocaltzation using known methods. Suitable detectable fabels include radioisotopic Iabels,
greyme abels, non-radioactive isotopic lubels, Muorescent Iabels, toxin labels, affinity labels,
and chemihuminescent labels.

165} Exanples of assays that can be used i wethods of the mvention, although sot
iniended to be limiting, comprise a Bradford assay, a bicinchoninic acid (BCA} assay, a Lowry
assay, a pyrogallol red protein dyve-binding assay, a Coomassie blue dye-binding assay, an
endpoint assay, a kinetic assay, such as a kinetic assay using a fluorometric substrate such as
4-methylumbelliferyl phosphate, chenuluminescent substrates such as CSPD and CDP-Star,
Dynalight Substrate with RapidGlow enhancer, or colorimetric 4-nitropheny! phosphate, an
assay to detect phosphatase reactions, an assay to detect ATP hydrolysis, or a combination
thereof. In embodiments, the assays can be provided in 2 multt-well format, such as a 6+, 12+,
24-, 48, or 96-well plate. In ernbodiments, the assavs can be provided in a standard cuvetle,
such as a Iml cuvetie.

[66166] Total protein, such as total fecal protein, can be measured by assayy known to
one skilled 1n the art (see page 7, 27 and 83, for exaruple, of Cardinal Health catafogue, Dablin,
Ohio, 2013, which s incorporated by reference heremn in its entirety, see Roche Total
ProteinyTP2, Cobas 502 TPUC3, or Abbott's Total Protemn kit). For example, Pvrogallol Red
Molybdate dye binding method provides a colorimetric method for total protein quantitation
with greater linearity, using microliter volumes of biological samples in manual or autonuated
systems. Ax described herein, pyrogallol red can be provided in a kit comprising reagent,
controls, and reagent standards, sach as 25 my/dL, 50 mg/dl, 100 mg/dL., and 200 mg/dL..
{66167} The enzyme emploved o exbodiments herewmn, for exmople to delect protem
levels or eneymatic activity, can be, for example, alhaline phosphatase, horseradish peroxidase,
f-ualactosidase and/or glucose oxidase; and the substrate can respectively be an alkaline

phosphatase, borseradish peroxidase, f-galactosidase ov glucose oxidase substrate (see

[
LA
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Moleculy Frabes Handbook - 4 Guide 1o Fluorescest Frobes and Labeling Technologies,
Tk Editson (20103, Invitropen, which 1s incorporated by veference heretn i its entivety).
[60168] In embodiments, the enxyme, such as slkahne phosphatase or horseradish
peroxidase, can be attached to a secondary antibody. Without being bound by theory,
measwrement of alkaline phosphatase can be confounded by signal from secondary
anttbodies. isolated alkaline phosphatase can catalytically hydrolvre MUP 10 form the
fluorescent product MU. Secondarv antibodies, conjugaied to AP, from two different
commercial manufactarers, for example, can also hydrolyze MUP o form Huorescent
product. When both alkaline phosphatase protein and the secondary antibody are i the same
measurement, there is an increased level of catalytic activity observed. This activity can be
monitored by both sfandard  specirophotometiic  readings  of  biochemical  activity
and by Western blot.

[8B169} Alkaline phosphatase (AP} substrates include, but gre not limiuted to, AP-Blue
substrate (blue precipitate, Zyvmed catalog p. 613 AP-Orange substrate {orange, precipitate,
Zymed), AP-Red sobsirate {red, red precipitate, Zyvmed), S-bromo, <d-chloro, 3-
indolyphosphate {BCIP subsirate, lurquoise precipitate), S-bromo, 4dechloro, 3andolvl
phosphate/nitreblue tetrazohiony wdonitrotetrazolium (BCIPANT subsirate, yellow-brown
precipiiate,  Biomeda), S-bromw, d-chlore,  3-indolyphosphate/nitroblue  tetrazohium
{(BCIP/NBT substrate, blue/pwrple), S-bromeo, 4-chloro, 3-indolyl phosphate/nitroblue
tetearoliumrodontirotetrazolium (BCIF/NBT/ANT, brown precipitate, DAKO, Fast Red {Red),
Magenta-phos (magenia), Naphtho! AS-Bi-phosphate (NABPYFast Red TR (Red), Naphthol
AS-Bl-phosphate (NABPYNew Fuchsin {Red), Naphthol AS-MX-phosphate (NAMPYNew
Fuchsin {Red), New Fuchsin AP substrate {red), p-Nitrophenyl phosphate (PNPP, Yellow,
witter soluble), VECTORY Black (black}), VECTOR™ Blue (blue), VECTOR™ Red (red),
Vega Red (raspberry red color).

[aa178] Horseradish Peroxidase (HRP, sometimes abbreviated PO)Y substrates inclade,
but are not limited to, 2,2" Azino-di-3-ethvibenz-thiazoline sulfonate (ABTS, green, water
soluble), aminosthyl carbazole, 3-amino, 9-ethylcarbarzole AEC (3ASEC, red). Alpha-
naphthol pyronim (red), 4-chloro~1-naphthol {(4CIN, blue, blue-black}, 3 3'-diaminobenxidine
ietrabydrochloride (DAB, brown), ortho-dianisidine (green), o-phenylene diamine (OPD,
hrown, water soluble), TACS Blue (blue), TACS Red {(red), 3,3°.5,8 Tetramethylbenziding
(TMB, green or green/blue), TRUE BLUE™ {blue}, VECTOR™ VIP (purple}, VECTOR™

SG (smoky blue-gray), and Zyvmed Blue HRP substrate {vivid blue).
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{80174} Glucose Unadase (GO substrates, nclude, but are not Hmited o, nitroblue
{4-todophenyh}-5-(4-npitorphenyl)-3-phenylietrazohnnm  chloride  (INT, red or ormmge

precipiate), Tetrazohum blue (blue}, Nirotetrazolium  violet (violet), and 3-(4.5-

dimethvithiazol2-v13-2 S-diphenvltetrazolinm bromude (MTT, purple). All
tetrazoliwm substrates require glucose as g co-substrate, The glucose gets oxidized and the

tetrazolium salt gels reduced and forms an insoluble formazan which forms the color
precipitate.

{66172} Beta-Galactosidase substrates, imclede, bat are not linited o0, S<bromo~d-
chloro-3-indoyl beta-D-galactopyranoside {X-gal, blue precipitate).

jaa173] Other examples of alkaline and acid phosphatase substrates comprise 9H-(1,3-
dichloro-9 9-dimethylacnidin-2-one-7-y1) phosphate, diapmmonium salt (DDAO phosphate),
6 B-diftuovo-4-methyhumbelliferyl  phospbate {(DiIFMUP),  fuorescein  diphosphate,
felrpammonium  salt (FOP), 4-methyvlumbelliferyl phosphate, free acid (MUP), and 4-
methylumbelliferyl phosphate, dicyclobexyviammonium salt, ribydrate (MUP DCA salt},
[806174] Alkaline phosphatase activity, such as intestinal alkahne phosphatase activity,
can be detected andfor measured with use of chromogenic substrates sndfor Huorogenic
substrates of alkaline phosphatases. For example, 4-methyhunbelliferyl phosphate (MUPYis a
fluorogenic substrate for alkaline phosphatases, and alkaline phosphatase mediated hydrolysis
of ity phosphate substituent wvields the blue-fluorescent  4-methylumbelliferyl
{excitation/amission ~386/448 nm). In embodiments, the alkaline phosphatase substrate can be
divectly admixed with the biological sample, such as stool, allowing for the direct declection
of the presence of alkaline phosphatase or the measurement of its activity.

[86175] Alkaline phosphatase {AP) substrates include, but are not hmited to, AP-Blue
substrate (blue precipitate, Zymed catalog p. 611 AP-Orange subsirate (orange, precipiiate,
Zymed), AP-Red substrate (red, red precipitate, Zymed), S-browme, 4-chloro, 3-
indolyphosphate (BCIP substrate, turguoise precipitate), S-bromo, 4-~chloro, 3-indolyl
phosphate/niiroblue tetrazolium/ iodonitrotetrazolium (BCIP/ANT substrate, vellow-brown
precipitate, Biomeda), S-bromo, 4-chlioro, 3-imndolyphosphate/nitvoblue  tetrazolium
{BCIP/NBT substrate, bluefpurple), S-bromo, 4chloro, 3-indolyl phosphaiefnitroblue
etrazohunviodonitrotetrazobinm {BCIP/ANBTANT, brown precipitate, DAKQ, Fast Red (Redh,
Magenta-phos (magenta), Naphtho! AS-Bi-phosphate (NABFYFast Red TR {Red), Naphthol
AS-Bl-phosphate (NABP)M New Fuchain (Red), Naphthol AS-MX-phosphate (NAMP)}New

Fuchsin {(Red), New Fuchsin AP substrate {red), p-Nitrophenyl phosphate (PNPP, Yellow,

(]
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water soluble}, VECTOR™ Black (blacky, VECTOR™ Blue (blue), VECTOR™ Red {red},
Vega Red (raspberry ved color)

{66176} Other substrates known in the art, including those described herein, can be
used with embodiments of the mvention (see Moleadar Probes Hasdbook « 4 Guide to
Fluorescent Probey and Labeling Technologies, 11th Edigon ((110), Invitrogen, which s
incorporated by reference herein in its entirety). Further, as desived, various fluorophores
known in the art can be covalently attached to the substrate, such as MUP.

[68177] Enwxvime reactions can provide a highly specific, rapid and sensitive assay for
detection of specific proteins in a sample, such as 1AP 1 stool. Examples of suitable
fluorogenic substrates which can be utihized within the present invention comprise
Fluorescein diacetats, 4-Methviombellifery! acetate, 4-Methviumbeliiferyl casemn, 4-
Methylumbelliferyl-o-L-arabinopyranoside, 4-Methylambelhifervl-p-D-fucopyranoside, 4-
Methviumbellifervi-o-L-fucopyranoside, 4-Methylumbelliferyl-p-L-fucopyranoside, 4-
Methviumbellifervi-g-D-galactopyranoside, 4-Methviumbellifervi-B-D-galactopyrancside, 4-
Methytambellifervi-e-D-glocopyvranoside, 4-Methyltambellifervl--D-glucopyranoside, 4-
Methytumbelliferyi-§-D-glucuronide, 4-Methyvlumbellifervl nonanoate, 4-
Methylumbellifervl oleate, 4-Methvhanbelliferel phosphate, bis(4-

Methyhambelliferyl phosphate, 4-Methylumbellifervi pyrophosphaie diester, 4-
Methylumbelliferyl-B-D-xylopyranoside.

{80178} Non-liniting examples of suitable chromogenic substrates for use within the
present invention comprise o-Nitrophenyi-§-D-galactopyranoside, p-Nitrophenyi-g-D-
galactopyranoside, o-Nitrophenvi-§-D-glucopyranoside, p-Nitropheayh-o-D-glacopyranoside,
p-Nitropheny-f-D-glacopyranoside, p-Nitrophenyh-D-glucuromde, p-

Nitropheny! phosphate, o-Nitropheny-3-D-xylopyranoside, p-Nitrophenyl-g-D-
xviopyranoside, p-Nurophenvi-f-D-xylopyranoside, and Phenolphthalein-§-D-glucuronide.
jea179] Subjects

[e0180] As described herein, embodiments of the invention comprise measuring or
detecting a gastrointestinal biomarker in a subject. The term “subject” or “patiewt”™ can refer
1o any orgamsm o which aspects of the invention can be administered, e.g., for experimental,
diagnostic, prophylactic, and/or therapeutic purposes. Typieal subjects to which compounds
of the present disclosure can be adnunisiered will be manungls, particnlarly primates,
especially humans, For vetenmary applications, a wide vartety of subjects will be suttable,
a.g., hvestock sach as catile, sheep, gosts, cows, swine, and the hke; pouliry such as

<

chickens, ducks, geese, turkeys, and the like; and domesticated animals particularly pets such

Lt
o)
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a8 dogs and cats. For diagnostic or research applications, a wide variety of mammals will be
suitable subjects, wchiding rodents {e. g mice, rats, hamsters), rabbis, primates, and swine
such as inbred pigs and the like. The term “living subject” refers to a subject noted above or
another organism that is alive. The term “living sabject” refers o the entive sabject or

organism and not just a part excised {e.g

-y

a biver or other organ) from the living subject.
{00181} it ermbodiments herein, a subject comprises a mymmal, such as a human or
vertebrate animal. Examples of such inchade but are not hmtted to a dog, cat, horse, cow, pig,
sheep, goat, chicken, primate, &.g., monkey, fish {(aquaculiure species), e.g. salmon, rat, and
mouse. A bunan comprises a prefenm neonate, an infant, a child, an adolescent, an adult, or
an elderly individual.

881821 Although aspects of the invention as described hevein relate to human
gastrointestinal disorders, aspects of the mvention are also applicable to other nonhuwman
verichrates. Aspects of the invention are applicable for veterinary use, such as with domestic
animals. In general, aspects will vary sccording to the type of use and mode of administration,
as well as the pavticularized requirements of individaal subjects.

[66183] In embodiments, the subject can be on an anbibiotic regimen. The term
“antibiotic regimen” refers to the treatinent or prevention of a discase, such as an infection, or
method for achieving a desired change, such as the reducing or prevention of an nfection,
wherein said treatment compnises adnunistering to a subject an antibiotic to effectively treal
the disease or produce the physiological change. An antibiotic regimen can conprise variations
known 1o those skilled in the art, such as antibiotic choice (for example, comprises correct
medication chodce, voute of administration and dosing schedule), timing of adminstration, and
doration. Non-limiting examples of such antibiotics comprise Vancomyoin, Ampiciitin, Zosyn
{combination of piperacillin and tarobactam), Gentwnycin, Flagyl (metrodniazole generic),
Meropenem, Metronidazole, Cefotpume, Clindanwyein, or any combunation thereof, In some
embodiments, an antifungal agent can further be administered.  In other embodiments, the
antifungal agent can be Fluconazole, Terconazole, Voriconazole, Posaconazole, Pentamidine,
liraconazole, Ketoconarzole, In embodiments, methods as disclosed herein can fuwther compriss
frepting the subject. In embodiments, treating can comprise administering to the subject
diagnosed with a gastromtesting] disease an effective amount of antibiotics, probiotics,
intrgvenous fluids, withholding oral feeding, an tAP replacement composition, parenteral (or
imfravenous) muirition, or a combination thereol.

184} In an embodiment, such as a subject affheted with NEC, antibiotics can be

adnunistered to a subject for a suflicient pertod of time, such as 10-14 days where antibiotics
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are admimsirated to the infant. For other embodiments, such as a subject with sepsis, 7 days of
antibotics ean be admunistered to the patient. For example, antibiotic administration andfor
prescription can be for broad spectrun coverage, such as for (1) gram-posttive bacteria, (i1)
grame-negative bacteria, and {111} anaerobic bacteria. Non-Hmiting examples of sach regimens
comprise Vancomyvein {gram-positive including MRSA), celflazadime {third generation
cephalosporing ~ gram negative, some grant positive, and pseadomonas), metromdarole
{anaerobic coverage), oxacillin {gram positive). Non-limiting examples of general antibiotics
regimes conywise ampicillin + gentanuicin for possible vertically acquired infection from
mother, and vancomycin + cetaxidime for possible hospital acquired infections.  From 46
neonatologist responses at the NEU symposium in April 2017, commonly  used
antibioticsfantifumgals for NEC geatment are Genlamycin (32%%), Vancomvein (28%),
Ampicillin {(25%), Zosyn {combination of piperaciilin and tazobactam; 15%), Tlagyl
{metrodniazole generic; 19%), Clindamycin (6%%), Meropenem {4%), Fluconazole (antifungal
agent, 7%}, and other (1%},

[B0185] in some embodiments, probiotics also can be adnunistered 1o the subject. As
used herein, probiotics refers 10 mono~ or nuxed cultures of live microorgamsms that can help
reestablish nornal flora in the GY tract. Probiotics can enhance the mnume response, chicit
production of enzymes that degrade toxins and/or block atiachment sites to the colon. See, See
McFarland, J Medic, Microbiol 2005, 54:101-111. Non-hnuting examples of probiotic

organisms melade those in the penera Bifidobactenia, Lactobacillus,

Lactococens, and Pedivcoccus, Saceharomyces houlardi, and related bacteria and veast.
{66186} in some embodiments, ntravencus fhads or intravenous therapy can be

administered to the subject. Intravenous thevapy can refer to the infusion of Hguwid substances
directly mto the vein of a subject. Non-limiting examples of such fluids comprise sahine (such
as 0.9% NaCl in water or .45% saline in water), Lactated Ringer's (0. 9% NaCl with electrolytes
and buffery, DsW (5% dextrose in water), DsNS (3% dextrose i 0.9% saline), Ds 1/2 NS (3%
dextrose in 0.45% saline}, DsLR (5% dexirose in Lactated Ringer's), or Normosol-R. In
embodiments, the sohuion can be isotonic. In other smbodiments, the solution can bhe
hypotonic.

{66187} In some embodiments, parenteral {or itravenous) nulrition can be adonumstered
1o the subject. Non-limiting examples of parentersl {ov mtravencus) nuirition comprise
intravenous dextrose sohstions, infravenous amino acid solutions, buravenous fat enwilsions,

miravenous vitamin and mineral supplements, or a combination thereof.
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{80188} in embodiments, feeding, such as ural feeding, can be withheld from the subject

gl feeding tolerance can be demonstrated. For example, feeding wlerance can be
demonstrated when the preterm mlnt ks capable of safely ingesting and digesting the
preseribed enteral (via mouth) feeding without comphications associated with gastrointestinal
dysfunction ov infection.  Clinical evidence of feeding tolerance in very low birth weight
preterm infant can include the nwmber of davs required o reach full-feeding volumes (reported
ranged from 100-160 mi per kg per day), the number of episades of feeding intolerance, the
number of days feeds are withheld due to feeding intolerance symptoms, ime o regain birth
weight, lower leg growth, increase in weight gam, occipital-frontal head circumberence, and
length.

[B8189] in embodiments, {eeding refers to the intake of mfant formula, such as EleCare
{Abbott Nutrition}, Neosure (Samilac), EnfaCare (Enfanml), Pregestimil (Enfanpnl), Somilac
Special Care or 8SC (Similac), Gentlease (Enfamil). Feeding can also refer to the tmtake of
supplements, such as Microlipid (Nestle Health Science).

{80196} in embodiments, 1AP replacement therapy can refer to protein replacement
therapy. The term “protein replacement” can refer (o the witroduction of 8 pon-native, purified
protein, such as 1AP, into an individual baving a deficiency in such protein. The administered
protein can be oblained from natural sources or by recombinant expression. The term also refers
to the introduction of a purified protein in an individoal otherwise requiring or benefiting from
adnunistration of a purilied protein, e.g., suffening from protemn insufficiency. The miroduced
protein can be g purified, recombinant protein produced in vitrg, or protein purified from
isolated tissue or fhud, such as, e.g, placenia or animal mulk, or from plants. For example,
Bifidobacteria, Klebstella, and E. Coli alkaline phosphatases ave also detected i haman stool
from preterm infants (Swittink et al. 2017, Metaproteonsics reveals functional differences in
migstinal microbiota development of preterm mfants, Molecular & Cellular Proteomics. DOL
HLI074/mep RATT7.000102 (n press)), and can thus be souwrces of iAP protein for protein
replacement therapy, Thas, in enbodiments, increased AP activity can be g result of bacterial
flora, and not from human AP only.

[80191} Disposable Article

{66193 Aspects of the invention compuse a disposable sriwle for detecting or
measuring biomarkers of postrointestinal diseases. The disposable acticle can comprise a
biosensor, and can optionally comprise other components known (o the art. In embodiments,

the biosensor can comprise at least one bio-recognition element.
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[68193] in zmbodiments, the biosensor can detect or measare 1AP in a sample. In other

embodiments, the blosensor can detect or measure 1AP enrymatic activity, total fecal proten,
AP dimerization/dissociation, post-translationally modified iAP, or & combination thereof.
Non-lintting examples of post-ranslational modifications and samples are described herein.
o194} in embodiments, the biosensor can be an immunosensor, and can further
comprise a detection signal. Non-liniting examiples of detection signals comprise a radicactive
signal, colotimetric signal, a fluorescent signal, chemiluminescent signal, or a combination
thereof. For example, the biosensor can produce a new color or change in speciral absorption.
In embodiments, the blosensor of the present invention comprises a bio-recogiition element,
or molecolar recognition element, that provides the lughly specific binding or detection
setectivity for a particudar analvte, such as 1AP. The bio-recognition element, or system, can be
a biologically derived material such as an enzyme or sequence of enzymes; an antibody or
frapment thereofl, 3 membrane receptor protein; DNA! an organelle, a natural or synthetic cell
membrane; an intact ot partial viable or nonviable bacterial, plant or animal cell; or a piece of
plant or mammalian tssues, and generally fimctions to interact specifically with a target
biological analyte. The bio-recognition element is responsible for the selective recogmition of
the asalyte and the physico-chemical signal that provides the basis for the output signal. The
physico-chemcal signal generated by the bio-recognition element or elements can be
communicated visually to the wearer or caretaker (1.e., vin a color change visible {o the human
eyve). Other embodiments can produce optical signals, which can require other instrumentation
io enhance the signal. These include fluorescence, biclaminescence, total internal reflectance
resonance, surface plasmon resonance, Raman mwethods and other laser-based methods.
{66195} Alternatively, the signal can be processed vig an associated transducer which,
for exanple, can produce an elecirical signal {e.g., current, potential, inductance, or impedance)
that can be displaved {2.z., on a readowt such as an LED or LUD display} or which triggers an
audible or tactile {e.g., vibration} signal or which can trigger an actuator, as described herein.
The signal can be gualitative {e.g., indicating the presence of the target biological analvie} or
gquantitative (Lo, a measurement of the amount or concentration of the target biological
analyte). In such embodiments, the transducer can optionally produce an optical, thermal or
geoustic signal.

(66196} In any case, the signal can slso be durable (i.e., stgble and readgble over a length
of time typically at least of the same magnitude as the usage life of the article) or transient (1.e,,
registering a real-time measurement). Addionally, the signal can be transmitted to a remote

indicator site {e.g., via a wire, or (ransrnitter, such as an mfrared or +f transmitier) nclading



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

other locations within or on the article or remote devices. Further, the biosensor 68}, or any of
its components, can be adapted to detect andior signal only concentrations of the target
hiological analyte above a predefined threshold level (e.g., in cases wherein the target
biological analyte is normally present i the bodily waste or when the concentration of the
analyte is below a known “danger™ level}.

{06197} it an embodiment, the disposgble srticle can be g diaper 1o be worn by a subject.,
Non-limiting gxamples of additional disposable articles inchude wipe for cleaning a subject,
dipstick, spoon, scoopula, Blisr paper, or swab.

[66198] In aspects of the nvention, the disposable article as deseribed herein can be a
component of a kit useful for disgnosing a subject with a gastrointestinal disease. Additional
componenis of kits of the wvention can comprise 8 bio-recogmition element, a support
structure, and nstructions for use thereof. For example, an 1AP bio-recogmition element, such
as an antibody as described herein, can be mmmobtlized to a selid support structure.

{86199} Non-linuting examples of the composition of the solid support structure
comprise plastic, cardboard, plass, plexiglass, tin, paper, or a combination thereof. The sohid
suppori can also comprise a dip stick, spoon, scoopulda, filler paper or swab.

[66200] Aspects of the invention are frther directed 1o a diagnostic kit of molecular
bromarkers for identifving a subject exhibiting or having a predisposition to develop a
gastromtestinal disease. In embodiments, the kit comprises at least one of a weans for
deternuning total fecal protein concentration, a means for deternuning mtestingl alkahine
phosphatase (1AP) activity, and an AP bio-recopnition element, wherein together represent a
molecular signatare that 1s indicative of the presence of or a predisposition {o development of
a gastrondestinal disease n a human subject. In eybodiments, the signature comprises totat
protein concentration at least two standard deviations sbove the mean of a control sample,
intestinal atkaline phosphatase protein concentration at least two standard deviations above the
mean of a control sample, or intestinal alkaline phosphatase activity at feast two standard
deviations below the mean of 8 control sample. In still other embodinents, the signature 15
selected from at least two of the group comyprising total protein concentration at least two
standard deviations above the mean of a control sample, intestinal alkaline phosphatase protein
concentration at least two standard deviations above the mean of a control sample, and
intestinal alkaline phosphatase activily at least two standard deviations below the memn of a
control sample. In embodiments, the control sample can comprise two or more controf samples.
jan201} In one embodiment, the kit meludes (a) a contamer that contang components

and support structures as described heren, and optionally (b} mformational matenial. The
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infovmational material can be descriptive, instractional, marketing or othier material that relates
1oy the methods described beremy andéor the we of the agents for diagnostic purposes. Tn an
gnbodiment, the Kit includes also includes a therapeutics, soch gs antibiotics, probiotics, or an
AP replacement compuosition.

jpa202} The informational material of the kits is not hmited 1 s form. In one
embodiment, the informational matenigl can include information about production of the
components of the kif, such as molecular weight, concentration, date of expiration, batch or
production site information, and so forth. In one embodiment, the informational material relates
1o methods of using the components of the ki, {e.g., to diagnose a subject with a GI disorder).
The mnformation can be provided in a variety of formats, inclode printed text, computer readable
material, video recording, or audio recording, or mformation that provides a link or address (o
substantive material.

{86203} The kit can include other ingredients, such as solvents or buffers, a stabilizer, or
a preservative. Optionally, the kit can comprise therapeutic agents, such as (AP replacement
compositions or antibiotics, that can be provided in any form, e.g., lquid, dried or ivophilized
form, preferably substantially pure and/or sterile. When the agents are provided in a liqued
solution, the liquid solution preferably is san squeous solution, When the ggents are provided as
a dried form, reconstitution generally is by the addition of a saitable solvent. The solvent, e.g.,

sterile water or buifer, can optionally be provided in the kat.
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EXAMPLES
[66204]  Examples are provided below o facilitate a more complete wnderstanding of the
invention. The following examples ilustrate the exemplary modes of making snd practicing
the mvention. However, the scope of the mmvention s not lmited to specific embodiments
disclosed i these Examples, which are for purposes of illustration only, since aliernative

methods can be utilized to obtain stmilar results,

EXAMPLE Y

{66265} Desertbed  hovemy are muthods o disgnosis of a conumon, acquired
gastrointestinal emergency n pre-term infants. This disease (necrotizing enterocolitis or NEC)
accurs in 12% of pre-term infants; 30% of NEC patients do not survive, In total, ~3000 infants
in the United States bave NEC per vear. The medical condition has delayed and poor diagnosis
due 1o nonspecific symptoms. Biomarkers for reliable diagnosis ave required. Using infant
stool samples, three biomarker measurements are performed; classifier analysis of the three
biomarkers together showed that NEC can be diagnosed with high total protein concentration,
low imtestinal alkaline {(1AP) phosphatase activity, and high levels of intestinal alkaline
phosphatase protein. The detection of iniestinal alkaline phosphatase protein by western blot
along is strongly correlated with NEC diagnosis and can be used in ELISA format.

{pa206] Current diagnostic methods in the climic vely i umaging: x-ray, T, and
ultrasound. Radwography has a dingnostic seccess rate of only 48% at best. Embodiments as
described herein have a 93%5 true positive rate and 959 true negative rate for disease diagnosis.
Entbodiments as described herein can have the potertial for nisk assessment md surveillance
of the disease.

{66207} The method is relatively fast and inexpensive i comparison to proteonue efforts
and mass spectrometry. In addition, other patent gpplications use serum or urine; serwm is
wwvasive and requires extraction of floids from very fragile patients, whereas wrine analvsis

does not provide a direct readout of the gastrointestinal distress.

EXAMPLE 2
[60208] Abbreviarons: AP, alkaline phosphatase; DOL, day of life; 1AP, intestinal
alkaline phosphatase; MUP, 4-methytombelliferyl phosphate; NBC, Natve Bayes clagsifier;

NEC, necrotizing enterocolitis; WB, western hlot

ey
i
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[66269] ABSTRACT
[68216] Objecrive: Necrotizing  entevocoliis  (NECY i3 the most common

zastrointestingl emergency in premature infants and bas high mortality and morbidity rates.
Diagposis and management can be difficult because of nonspecific symptomatology,
meonsistent radiclogical findings and vapid deteroration. This investigation was underiaken {o
test whether fecal intestinal alkaline phosphatase GAP) is a specific blomarker for NEC,
[80211} Study dexign: In a prospective, longtindinal, case control study, serial stool
samipies were collected from 6 NEC patienis and 12 control infants for the measarement of
total fecal protein, 1AP activity and 1AP protein detection by western blot. Data were evaluated
by longitudinal  assessmenmt  of  individual  patiemts, intergroup comparison  and
sensitivity/specificity evaluation in a classifier-based apalysis.

jpa212} Resudts: There were po sigmificant differences in gestational age or bithweight
between the 2 groups. In 2 patients followed longiudinally, fecal protein ncreased, (AP
activity decreased, and 1AP protein was detecied on western blot after development of NEC,
Mean fecal protein content was higher (p=0.003}, 1AP activity was lower {(p<0.0001} and
specific 1AP protein band intensity on western blot was higher {(p=0.002) 1o NEC patients at
time of diagnosis compared with controls. A 3-fegture Naive Bayes Classifier distinguished
NEC from control samples with 93% sensibivity and 95% specificity.

{88213} Conclusions: Despite a limited nomber of subjects and samples, the findings
suggest that fecal protein, 1AP activity and 1A P western blot intensity undergo specific changes
during NEC. Preliminary sensitivity and specificity studies suggest potential for the three-

component biomarker as a non-invasive diagnostic and monitoring tood for NEC.

{60214 INTROPMICTION
j0215] Necrotizing enterocolitis (NEC} is a serious inflamumatory disesse of the

gastrointestinal tract that affects »3000 very low birth weight {1500 g) infants each year 57 It
is characterized by high mortality {up to 30%) snd long-termy morbidity, including short gut
syndrome, recarrent infection, nutritional deficiency and newrodevelopmental delay ¥ Despite
an overall net decrease in mortality for premature infants, there has been an increase in NEC-
associated deaths.” The disease is often difficull to diagnose and manage, due o initial
nonspecific syroptoraatology and rapid deterioration. Chnicians rely on radingraphic evidence,
such as prewinaiosis infestinally, 10 make the diagnosis, but sensitivity of this finding has been
reported to be as low as 44%.° Although many NEC biomarkers are ander investigation,”

currently none are widely uiilized in clinical practice.
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{86216} Without being bound by theory, intestinal alkaline phosphatase (1AP), measured

in stool, offers dingnostie value as @ marker for intestinal pathology. This protein 15 expressed
in small intestinal enterocytes, co-secreted into the intestinal lumen and systemic circulation®
and plavs an integral role m maintaining gut bamer function by detoxifyving bacterial

%0 A the primary alkaline

lipopolysaccharides and mamiaining microbial homeostasis.
phosphatase in stool ™ IAP has been identified as one of the 37 proteins in the core human

stool proteome.t! Because of its protective effects, it has been investigated i animal models

as a polential treatment for NEC ¥ However, most siudies have not evalualed 1AP ag a
diagnostic tool and only a few have examined AP in bumans. In this investigation, we
exannned fecal AP as a potential biomarker for non-invasive momtoring NEC development
m neonates. To our knowledge, this stady s the first to investigate fecal 1AP levels m lnunan

premature infants in order to establish its relationship to NEC,

{86217} METHODS
{86218} Stwcly Design and Fuarriciponts. This prospective, longitudinal case controd

stndy was approved by the instiutional review board of the Louisiana State Umiversity School
of Medicine. It has been carried out according fo the Code of Ethics of the World Medical
Assoctation (Declaration of Helsinki). After obtaining wnitten parental informed consent, 18
premature infants from 23-37 weeks of gestational age were envolled at Children’s Hospital of
New Orleans and Touro Infirmary Hospital. Demographic data of 6 NEC patients and 12
control infants are shown in Table 1. All patient samples were de-identified prior to analysis,
Patient records were retrospectively evaluated to determine chinical correlatives. No patients
this study had known chromosomal abnormalities or congenital anomalies that precluded
enteral feeding,

[80219] Sample CollectionPreparation; Steol samples were collected senally from
diapers of study subjects after spontancous stooling. Stool was stored briefly 1 hospital
specimen refrigerators, until transport to the lab 1 cooler boxes. In the tmital processing step,
about 200 mg of stool was measured, and sterile, molecular grade water (Sigma Aldrich) was
added to make a desired concentration of 280 mg/mi. The mixture was vigorousty vortexed for
30-60 s, or untl a wellamxed shurry was evident.  The muxtwre was then centrifuged at
22 000xg for 30 min at 4 °C, The supernatant was collected and was stored at -20 °C antil

assays were performed.

£
o
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[86226] Frotein conceniration: The concentration of total protein in the stoul
supematant was determined by Bradford assey (Coomassie Plas Protein Assay Reagent,
Thermo-Scigntific), using bovine serwm albumin as the standard.

0221} Denanaing gel electrophoresis and western Bor: Superpatants of stoo! samples
were mixed with 6X gel loading baffer (375 mM Tris pH 6.8, 50% {wiv) glycerol, 600 mM
dithuothreitol, 420 mM sodiumn dodecyl sulfine) and boiled for 5 muns, A total of 10 pg of 1otal
protein was loaded per lane of a denaturing 4-12% Bis-Tris gel (Novex, Life Technologies).
The positive controf was small intestinal tissue lysate {(Abcam). Purified bovine alkaline

phosphatase from intestinal mocosa (Sigma Aldvich) was used as a negative control. Duplicate

33

i

els were ruie one was Coontassie~stained to visualize sl proteins in each lane and proteins in

Lt

the second were transterred onto a PVDF membrane for immunoblotting detection of intestinal
alkaline phosphatase. The membrane was serially blocked in 5% (wiv) noufal dry nulk in 50
mM Tris-HCE pH 7.5, 1530 mM NaCl, and 0.1% Tween, incubated with primary rabbit
polvclonal anttbodies against buman 1AP {Abcam, ab7322 or abl98101), washed, and
imcubated with horseradish peroxidase-conjugated goat anti-rabbit secondary antibodies
{Abcam, abt721} at room tempersture. Chemuluminescent signal was inittated using Pierce
ECL western blotting substrate (ThermoScientific) and captured on developed photographic
film (AFP Imaging} Western blot densitometry was performed on scanned films (Biorad
GelDoc XR) using Immge 1 In the digibzed western blots, the 60 kDa band, which
corresponded to 1AP, was manually wdentified. Equivalent areas were quantitated for each lane
of each western blot, The negative control was subtracted from each patiert sample and the
difference was calculated as a percentage of the positive control standard.

{66222} Fecal 14F cowdyric aonvity: Alkaline phosphatase activity was measured with
use of 4-methylumbelliferyl phosphate (MUP) as 3 fluorescent substrate {Abcam, ab83371}in
the presence and absence of L-phenvialanine, an inhibitor of 1AP. Relative {flucrescence units
(RFUs) at 360/440 nm were measured using a Spectra Max M2e¢ spectrophotometer {Molecular
Devices, Sunnyvale, CA). Ninety-six-well black optical bottom plates were nsed. Standards
and negative controls were prepared for each plate run. Total AP activity was determined as:
AP activity (mUdiml) = (B x dilution facton){T x V), in which B is pmol of product; V is
yvohane of sample added to the well; T is reaction {ime; and U is the amount of enzymwe causing
hydrolysis of 1 pmed of MUP per minute at pH 100 and 35°C. & 100 mM stock of L-
phenylalanine (purity »98%; Sigma Aldrich)} was {reshly prepared in molecular grade water
each day of use. A final assay concentration of 10 mM Phe was used to assess ihnbition of

1AP-specific activity,
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{86223} Statisticed and compuigtional analysey for 4P bivmarker classification:

Differences i means between the NEC and control groups for total fecal protein, AP activity
and intensity of 60 kDa AP hand on western blots were tested using the nonparametric Mann-
Whitney Udest; povalues <0005 were comnsidered significant, Potential biomarker efficacy was
assessed via sensitivity {{rue positive raie)} and specificily (true negative rate) calcalation. Of
the 49 unique fecal samples under analysis, 13 were obtained from NEC patients at the time of
clinical diagnosis. Thirty-six ssmples are labeled as conirols, of which 27 were from control
subjecis and Y were from NEC pattents during healihy intervals. For each variable of mierest,
specificity and sensitivity was initially obtained using a simple threshold-based classifier.
Subsequently, using the scikit-learn package in Python, s multi-variable classifier performance
was executed by training Nafve Baves Classifiers {(NBC). An NBC asgumes each feature is
statistically independent; bowever, # can perform well on mwli-feature classification
problems, even when the assumption of statistically independent features does not hold.’’ For
each classifier, we computed standard ervor for our sensitivity and specificity estimations by
performing five rounds of siratified jackknife resampling, i which 20% of the data was
excluded for each round of resampling. We used a S-fold stratified cross-validation scheme
where, for cach fold, the NBC was trained on 80% of the data, and the resalting classifier was

tested for sensitivity and specificity on the remaining 20% of the data,

[06224} RESULTS
{06225} Longitudinad Studies: To explore whether the 3 stool parameters correlated with

NEC, two preterm infants were observed over time and their stool samples were monitored
repeatediy.

{66226] Patient 1 {Fig. 1A) was diagnosed with NEC on day of lile {DOL) 7. After 14
days of medical treatment, including bowel rest and antibiotics, clinical symptoms and
prewmatosis intestinaliy resolved. Enteral feeding was restarted with variable success untit the
baby experienced recurrent NEC and subsequent intestingl perforation on DOL 31, Three focal
analyses weare performed: soluble protein voncentration, catalytic activity of 1AP, and
immunoblot detection of 1AP. Two stool samples were obtained on DOL 7: before NEC
dingnosis (74, Fig. 1A)and the bloady stool later ivthe day (7B, Fig. 1A). Data from five other
stoo! samples (DOL 13, 20, 28, 32 and 42) also are presented.

602271 Longitudinal monttoring of patient | showed that the 3 candidate nomarkers
had diagnostic value (Fig. 1A). The DOL 7A stool sample had a protein concentration of 1.85

mp/mk, catalviic activity of 2218 U/, and no detectable signal at 60 kDa in the western blot.
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The DOL 7B stool sample, collected several hours later, had a profein concentration of 2.1
migiml., catalytic activity of 250 U, and olear immunodetection of 1AP. Comparison of the
twir stool samples from the same patient immediately before and after the onset of NEC
indicated that a precipitons drop in 1AP activity and an increase of 1A P protein ave characteristic
of NEC.

{06228} These biomarkers also extubiied surveillance value, After mitial NEC disgnosis
on DOL 7, fow 1AP enzymatic activity and immunodetection of high AP protam levals
persisted w stoo! samples collected during the period of wmedical treatment, appavent
“recovery”, and reinstitution of enteral feeding. The infant subsequently experienced a
reoceurrence of NEC with intestinal perforation on day of fife 31, In combination, increased
fecal protem, low AP enzymatic activity and high levels of 1AP protein m western blots
heralded the perforation. Afler 10 days of treatment that included peritoneal drainage, bowel
rest and antinuicrobial therapy, the stool collected om DOL 42 had assay values that
approximated those prior to the diagnosis of NEC,

[80229] Longitedinal monttoring also suggested the prognostic potential of the three
candidate biomarkers. Pattent 2 (Fig. 1B) was diagnosed with suspected NEC on DOL 19, kept
on “NEC watch™ (NEC surveillance, bowel rest, antibiotics) for several davs before
resumption of enteral feedings. Although a definite disgnosis of NEC was not made wnti! DOL
32, stool samples on DOL 13 and 19 had two out of three biomarkers in the positive range for

NEC association, potentially forecasting NEC.

{86230} Crasy-sectional Shadies: In surveys of fecal material collected from 6 NEC and
12 control infants, there were mavked differences for the 3 iv vitro measurements between stool
samples from patients with active NEC and those of controls (Fig. 2). The mean = SEM protein
concentration of 2.62 = (.33 mg/mL in stool samples frowm patients at the time of NEC diagnosis
differed significantly from the level of .98 + 0.25 wmp/mk found in fecal samples from control
patients matched for post-conceptual age (p=0.005, Fig. 2A). Furthermore, NEC patients had
a more than ten-fold lower mean fecal IAP enzymatic activity af the time of diagnosis conypared
with controls matched for post-conceptual age (162 =30 ml¥Fmg v 1826 £ 376 mUimg, NEC
¥, control, respectively, p<L.0001 Fig 2B).

862311 Finally, samples from the 2 patient populations differed significantly (p=0.002}
in the relative amount of specific AP protein, determined by densitometric amalysis of
mununoblots probed with ant-human 1AP antibody and expressed as a percent of a standard

positive control. We found nearly a 30-fold higher 1AP protein 1o stool samples from NEC

i
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patients compared with swaples from healthy premature subjects (2150 £ 47.6% w. 72 &
2.3%, NEC ve. contrel, respectively, Fig. 200 In sonunary, stool samples from infants with
NEC have mcreased total protein, decreased 1AP enzyime activity, and increased 1AP protein

at the time of diagnosis compared with healthy controls.

80232} Sensittvity Specificity Stdies: In g 3-dimensional scaiterplor (Fyp. 34
biomarkers from NEC samples {red cirelg) cluster independently from comtrols (blagk circles),
suggesting high sensifivity and specificity can be achieved with these biomarkers. Despite
some overlap, the potential for distinguishing between NEC and contrel patient samples
remained clear even when total fecal protein levels were removed as a variable (Fig. 3B). We
avaluated sensitivily and specificity divectly with both single variable thureshold classihiers and
a Naive Bayes Classifier (NBC), which classified the samples based on integration of all 3 tests
{Fig. 3C). Clearly, there is g tradeoff between sens#ivity and specificity. IPmaxunal sensitivity,
or the frue positive rate, is the dominant goal, the 3-feature NBC biomarker performs best with
100%s sensitivity and 92% specificity. However, if the goal i3 to simaltancously maximize both
sensitivity and specificity, then the 3-feature NBC showed performance of 93% sensitivity and
93% spectficity, The 1AP activity level considered alone glso performs almost as well in this
case by achieving both seasttivity and specificity levels of 92%, when using a threshold of 300
mU/mg 1AP activity. Perhaps unsurprisingly, though, total fecal protein level alone 1s not as
robust a biomarker for NEC. A1 92% sensitivity, specificity falls to 67% using a protein
threshold of 1.35 mg/mb. Conseguently, fecal 1AP activity level and 60 kDa western blot
intenzity levels hold prommse individually as NEC biomarker candidates. However, total fecal
protein activity level is only hkely to have wtilty if considered as part of a multi-feature

diagnostic evaluation,

{66233} DISCUSSION
80234} The diaguosis and management of NEC is complicated by our current inabihity

0 accurately dentify the disease prior to the development of mreversible mtestinal damage.
Clinical parameters alone cannot accwrately predict disease progression in the majority of
patients *¥ Alithough radiography, the cornerstone of NEC dingnosis and staging. ' is rapid and
gecessible in intensive care units, this measwee of disease patholopy provides gualitative, rather
than guantitative, endpoints. There is well-documented variability in interpretation of

&, 3%

observable radiological signs determining disease severity & 2! Distarbingly, the hallmark

radiological finding, prenmatosis infestinglls, was reported i only 44% of pathology-
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confirmed NEC.S

{66235} Chanhiiative markers, measured as a vatio or on an wlerval scale, ave still peeded
to achieve a better understanding of NEC, e g, to distinguish between normal and pathological
biological processes or monpior a response to clinical interventions. The clinical definition of
NEC could be significantly improved with a shaft from sole dependence on clintcal impression
and fmaging findings 1o an expanded diagnostic palette moluding relinble mwlecular
biomarkers. Identification of molecular NEC biomarkers amenable to adoption in clinical
praciive has the potential to reduce neonatal deaths, morbidity, and associated healtheare costs,
Moreover, characterization of such parsmeters can provide insight nto cellular integrity,
protein expression, and changes in gastrotntestinal metabolism. Obtamned from serum, unne,
feces, and buccal swabs, the discovery of candidate biomarkers for NEC i3 a focus of current
research,

80236} Qur study demonstrated a correlation between 3 in virre fecal parameters and
patient pathology that is compatible with findings from animal studies.  The moreased
concentration of total fecal protein measured m NEC patients likely is associated with macosal
sloughing and disease-associaied nflammatory products, such as serum amylod A,
anaphylatoxin, Cereactive protein, plstelet-activating  factor, calprotectin, and  alpha-1
antitrypsin.?™*! OF these inflammation-based biomarkers, the latter three have been measured

3334

directly in neonatal stool samples® % However, biomarkers associated with
inflanumation, while often associaied with gastrointestingl pathology, are not specilic for NEC
diagnosis.

{60237} in ow stady, increased 1AP detection vig western blot was inversely correlated
with lower intestinal AP enzymatic activity in the NEC patients” fecal samples ot the time of
diagnosis. Qur findings are consistent with other reports i the loergture. Fust, biopsied
intestinal tissue from patients with mflamumatory bowel disease displayed lower AP activity,
based ou envyme histochemical analvsis »¥ Second, seram tAP was shown to be increased in
patients who would po on to develop NEC, however, AP levels were monitored only by gel
electrophoresis, and no positive detection of intestinal alkaline phosphatase was detailed *®
Third, in animal models of induced NEC, the termunal Heam tissue samples in rats showed a
decrease i profein conteni, activity snd buswmoflvorescence specific for alkaline
phosphatase ' 7 Lastly, decreased mucosal AP activity was also reported in animal models,
following ischemia reperfusion.™ Increased shedding of mucosal protem, including inaotivated
tAP, could account for our findings.

[80238} We had several criteria in evaluating the translational promise of our NEC
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biomarkers. First, the molecular signatores shoald be direct readouts of gastrointestinal disease
andveadity detectable. In this stady, we evahaated three candidates: total fecal protewn, specific
iAP activity, and western blot hand intensity for 1AP. Monitoring total protein levels in stool
has a pathophysiological jostification, since high protemn fevels in stool ave closely linked to
poor mucosal miegrity 1 the immature neonatal intestine that can be exaggerated by
nflanumation. The appeal of 1AP as a biomarker lies m s fissue-specific expression m the
small intestine and its secretion into the mucous laver and gut lumen ™% 1 is also responsible
for majority of AP enzymatic activity in stool*™ * and has been used as a measure of toxic
damage to the spaall intestine in animal models ¥ % All three of our stool biomarker candidates
showed significant mean differences between NEU patients at the time of diagnosis versus
control subjects (Fig. 23

239} Second, essential features for a chinically usefol molecular bromarker are ease
of patient sample handing and a rapid twrn-aropnd time of <3 howrs. Fresh wetght-to-volume
standardization in stertle water is rapid, requires mininal reagents, and allows storage in small
disposables that facilitate packing and transport. Measwrement of protein concentration
requires less than 30 nunates. In s corent implementation, 1AP enxymatic assays and western
hiots can be completed in one or two hours, respectively.

802401 Our third criterion in the evalvation of our NEC biomarker 15 the potential o
owtperform radiographic diagnosis. As a reference, a 7-parameter analysis of clinical diagnostic
criteria established by the WHO Inteprated Managerment of Childhood Hiness program reported

15

that 83% sensiiivity and 75% specificity was high ™ The detection of prermaiosis intestinalis

27

has a sensitivily of only 44%:.°° In contrast, performance data for oar diagnostic approach,
inchuding specific 1AP activity, inwnunoblot detection and the three-parameter NBC, were
promising, as both sensitivity and specificity were greater than 90%. We also note that, m
zeneral, marker performance is more robust for a positive diagnostic readout, such as increased
wnunoblot detection and protein concentration, than for 8 negative diagnostic readout: the
latter mode is more suscepiible to false positive {and false negative)} diagnoses. Although future
studies that involve a larger patient population can alier cur performance data, we concluds
that this stool sample analvsis has potentiad clinical utility for improving prognostic diagnosis
and subseqguent surveitlance for NEC.

662411 Challenges to adopting our fecal hiomarker analysis as a diagnostic iool for
NEC are the heterogeneous compaosiiion of some stool samples, the intermittent and variable
stooling pattern of some neconates, snd the lack of bmmediate, on-demand test results.

However, our 3-feature fecal biomarker analysis bas the advantages of requining less time, no

[
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spectal Groning or experbise, and s inexpensive i comyparison with proteonucs Or mass
spectrometry technigques. Adaptation of the test to contimuous, noninvasive surveillance of
pretenm infants in newborn intensive care units would provide objective measures 1o assess
macosal integrity, help assess risk associated with feeding regimens, and contribute to our
understanding of NEC.

06242} i future studies, our Natve Bayes Classifier methodology can be extended 1o
simultaneously analyze 1AP enzyvmatic activity, western blot signal and other candidate NEC
biomarkers, sach as fecal calprotectin and platelet-activating factor.” These fecal biomarkers
could be added o our classification scheme without the need for addittonal blood or urine
samples from the neonatal patient. The clussifier performance of protein biomarkers i urine
samples to distinguish between NEC and sepsis patients has been analyzed, and mndead, the
efficiency of distingwishing between NEC and sepsis patients was decreased compared with
that distinguishing between NEC and normal patients, ™ {f our proposed biomarker scheme can
maintain high sensitivity and specificity on a larger population of patients with a more complex
group of controls, then 1AP measarement in conjunction with machine learming analysis of
other bromarker candidates could lead to sigmficant advances in NEC diagnosis and

manggenent,
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EXAMPLE 3
[88294] Iroduction
68291} Necrotizing enterocolitis (NEC) 15 an extremely serions inflammatory disease

of the gastromiestinal tract that primarily afiects premature infants. It occurs i up to 10% of
very low birth weight jufants (£ 1500g at birth) and is chavacterived by high mortality {up to
30%) and significant long term morbidity, including infantile short gut syndrome, recurrent
miection, paremteral  nutrtion  related  cholesiasis, nufritional  deficiency and
pewrodevelopmental delay (13 Despite advances in the field of neonatology, NEC is
responsible for mooreasing deaths i very premature infants (3). The exact cause of the disease
is still not well undersiood, making diagnosis and management a challenge. The course of the
disease offen involves mitial nonspecific symptomatology and ramd clinical deterioration.
Although many biomarkers are currently under wvestigation as potential aides 8 dingnosing

NEC, none gre widely utilized to determine the true mtegrity of the challenged intestine (3} .
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{80292} Intestinal alkaline phosphiatase GAPY has become an enzyme of interest in the
study of gastromtestinal disease. Prodaced and secreted by enterocyies in the proximal small
intestine, AP activity is found thronghout the small and large intestine {4). It is the pimary
alkaline phosphatase (AP} detected in stool {5,6). It has a variety of functions such as cleaving
of lipopolysacchande (LPS) produced by gramepegative bacteria and mterfering wath
activation of Toll-like receptors in the gut (7). It dephosphorylates ATP and has been shown o
affizct microbial homeostasis throagh this interaction (¥).

[66293} With such broad functions mvolving gul homeostasiz, one might expect 1AP o
be aliered in NEC. In rats, Biesterveld et al. demonstrated decrensed endogenous 1AP catalyuic
activity during induced NEC and a subsequent increase during recovery from insult (9).
{.ehmann and Loreny Mever observed an increase in fecal 1AP after induced toxic damage {0
the small mtestine o rats, followed by a marked reduction in fecal 1AP (10). They suggested
that fecal AP could be used as a parameter for toxic damage to the small intestine (10). Thonwas
and Henton lafer investigated the use of fecal 1AP as a potential marker for intestinal damage
bat found wide variability (11). They suggesied a longitadinal approach to determine clinical
usefulness (11). Supplemental 1AP has been shown o abate some of the systenne inflammatory
responses associated with NEC (9, 12, 14). A recent study proposed serwm 1AP as a potential
biomarker and found a tendency for high AP levels in infants who later developed NEC
{15).These observations suggested the hypothesis that 1AP might be a useful omarker for
{06294} The focus of owr study was to establish whether fecal 1AP could be used as
diagnostic tool for NEC. Fecal 1AP measwements ave less invasive compared to serum
measprements in premature peonates who are already subject to multple serclogical
examinations, To date, no studies have been published that have investigated fecal 1AP n
human neonates and its relationship to NEC. We hypothesized that fecal 1AP can be used as an
objective and specific biomarker for diagnosing NEC and for monttoving the course of NEC

once disease 1s established.

[80295] Drevelopment of Methodology

{66295} In preparation for this study, I sought and obtained Institutional Board Review
gpproval. I designed an mnformed consent and enrolled g total of 20 infants. T enhisted the help
of NICU nurses to help with collection and came up with a system of labelmp that would
protect patient confidentiality. Stool samples were collected prospectively and charts were

reviewed rewrospectively to determine clinical correlatives, The literature on fecal 1AP

(54
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measarements is spagse. | found a reference deseribing how rat fecal matier was mixed with
water then centrifuged to obtain a sapernatant! 6 and so D proceeded with a similar methodology
for handling of hwman stool samples. We determined that 200 mg of measured stool was
sufficient to allow for sasy sapernatant collection and protein quantification. The consistency
of stool was highly variable, making wel weight an vnreliable parameter. Fecal total protein
content (deternuned by Bradford assay) was used 1o standardize 1A P measurernents.

[60297} To confirm the presence of IAP 1 stool we chose weastern blot {WH) as an initial
assay. Swrprisingly, positive detection of the protein m stool was extremely difficult n our
healthy controls. In fact, there weve over 10 samples anatyzed that vielded negative results,
with no band signal or signal at & nwach lower than expected position. Initially, we thought onr
negative results were from fmhwres i handling andd or storage. However, even same-day
measurement of freshly acquired stool samples did not yield evidence of protein recognition
by anti-iAP antibodies on western blot, It was only upon analvzing a stool sample from our
first NEC patient that we found evidence of the full length prodein on western Mot When we
enrolled a second NEC patient we agam had positive results locating the 1AP on WB.

[80298] Determination of the presence of AP protein on WB in at least some
experiments gave os confidence to move forward with our rescarch. We then performed
experiments to deternune the ideal handling and storage techniques. We subjected some
samples to several days n the refrigerator at 4° Celstus and after 5 days i the refrigerator there
was no significant degradation of the proteln. Western blots showed continued positive
detection of 1AP by anti-IAP. Enzymatic activity measurements showed minimal variance {rom
day to dav. We also froze our suparnatanis ai ~207 Celsius butl determined that short periods of
storage in the refnigerator at the hospital was acceptable.

(66299} We thought that 200 mg of stool would be needed to produce reliable results, In
one case, although we collected only 10 mg of stool at the time of NEC diagnosis, we were stifl
able 1o demoustrate a strong band for fecal AP on western blot, indicating usefulness of the
test even when small amounts of feces are available.

[66300] We chose fluorometric assays to measure activily, because of iis sensitivity
{detection sensitivity of ~1 ulU} over colonimetric methods {17). We were stuprised to find
ithere was evidence of alkaline phosphatase activity even in the samples that did not vield a
signal on WB. Since our fluoromelne activity assays are not specific for intestinal alkaline
phosphatase, other alkaline phosphatases m stood can have caused the discrepancy between
WRB and activity assays. Ouwr next set of investigations were designed to measure the actual

activity of 1AP present by perfornung samiple assays in the presence and agbsence of L-
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phenvialanine (L-Phe), a specific intubitor of 14P {4, 18}, L-Phe blocked 90% £10% (SD} of
AP activity in samples from NEC patients and 91% £9% (8D) of AP activity in those from
controls, indicating that AP was the major contnibutor o alkaline phosphatase activity in the
fecal samples studied {Figore S). This finding 18 in agreement with previous reports (3.4}

confirming that tAP is the most common AP i stool.

{66301} Methods
[66362} Study Design and Participants — This was a prospective, case-control study.

Afier obtaining parental fuformed consent, 20 premature infanis from 23-37 weeks gestational
age {WGA) were enrolled at Children™s Hospital of New Orleans and Towro Infirmary
Hospital. Six infants had NEC defined by Bell staging (19). Infants with known chromosomal
abnormalities or congenital apomalies that would preclude them from feeding were excluded.
Fecal samples from 2 subjects were excluded from siatistical analysis due to dissinular
handhing. Demographic data of the rematining 18 subjecis (6 NEC patients and 12 controls) are
shown in Table 1. Handling of Stool — Stool samples were collected serially from diapers of
stady subjects after spontaneous stooling. Stool was stored briefly at the hospital i specimen
refrigevators. The samples were transported in cooler boxes 1o the lab for inttial processing.
About 200 mg of stool was measured out, when possible, and molecular grade water was added
to make a desived concentration of 200 mg/ml. The muixture was vigorously vortesed for 30
secs 1o | nun or until a well-mixed slurry was evident. The mixture was then cenirifuged at
22 000xg for 30 min at 4 °C. The supernatant was collected and was stored at -20 °C until
assays were performed,

{66303} Determination of protein concentration — Total protein concentration in stool
supematant was determined by Bradford assay {Coomassie Plus Protein Assay Reagent,
Therme-Scientific}, using bovine serum albipmin as the standard.

joa304} Denaturing gel electrophoresis and western blot —~ Supernatants of stool samples
were mixed with gel loading buffer (375 mM Tris pH 6.8, 50% (w/v) glycerol, 600 mbM
dithiothrestol, 420 mM sodinm dodecyl sulfate) then boiled for 5 mins. A total of 10
micrograms of total protein was loaded per each lane of precast denaturing 4-12% Bis-Tris gel
{Novey, Life Technologies). Duplicate gels were run. One gel was stained with Coomassie and
the other gel electrobloited onto polyvinylidens difluoride membrane (PVDE) and blocked
3% nonfat dry milk with Tris buffered Saline and Tween 20 (30mM Tris HCL, 130mM NaCl,
Tween Y. The PVDF was incubated with primary antibodies to full length human AP ab7322

£ ablORI01 {Abcam) and horseradish peroxidase conjugated Goat anti-rabbit secondary
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artibodies ab6721 {Abcam). We used Plerce ECL western blotling substrate (Thermo-
scientific) as the perosidase substrate for chemoluminescence. A developer (AFP Imaging;
Mount Kisco, NY§ was used 1o produce films after WB and an imager (Biorad Gel-Doc XR;
Hercules, CA) was used fo scan western blots and gels. Densitometry was done {o analyze
digitized tmages of western blots. We manually identified bands at 60 kDa on the western blots,
which corresponded to intestingl alkaline phosphatase. We then caloulated the area relgtive w
background for each 68 kDa band and then expressed this value as a percentage of the positive
control. Positive contrels were hepatoceilular carcinonia whele cell lysate or small intestine
tissue lysate (Abcam). Purified bovine alkaline phosphatase from intestinal mucosa (Sigma
Aldrich) was used as a negative control.

[B0365] Fecal 1AP Activity — Alkaline phosphatase activity was ascertained with the use
of 4-methylumbellifery] phosphate as a fluorescent substrate ab¥83371 {Abcam). Substrate
background controls and background costrols were done o improve accuracy. Relative
fluorescence units {RFUs) at 360/440 wm wavelengths were mieasured using a Specira Max
M2e spectrophotometer (Molecular Devices, Sunnyvale, CA). Ninetv-six well black, optical
bottom plates were used. Reacbon wells for samples, standards and negative background
controls were prepared cach thme the assay was performed and total alkaline phosphatase

activity was determiined uvsing:

[603606} ALP activity (mU/mi) = (B/T)/V x dilution factor
[663071 in which B is ninol of damcthylumbelloferone (4-MU), V is volume of sample

added to the well, and T is reaction time. U is the amouit of enzvme causing hydrolvsis of 1
umod of product per minute at pH 10.0 and 25°C {glycine buffer). A 100 mM stock of 1~
phenvialanine (purity >98%; Sigma Aldrich) was freshly prepared in molecular grade water
each day assayvs were performed. A final concentration of 10 mM of L-Phe was added to each
well to inhibif AP activity,

{60308} Computational and siatistical analysex for 1AP blomarkey classification — We
included 18 infants in our analysis of fecal protein snd fecal 1AP datasets due to uniformity in
handling of the stool and similar gestational ages. Differences in means between the NEC and
control groups for total fecal protein, 1AP activity and intensity of 1AP protein band on WB
were tested nsing the nonparametric Mann-Whitney U-test (GraphPad Instat v. 3; La Jolla,
CA). Linegr regression gnalysis was used to determine correlations between days until full

feeds and total fecal protein and between days until full feeds and 1AP activity {GraphPad Prism
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v7; La Jolla, CA). Pevalues less than (.08 were considered significant. Igor Pro (Lake Oswego,
OR} was used to generate Figure 1),

{60309} A separate subset of data was used for §1 fecal samples (from 6 NEC patients
and 7 coutrols} for which we had available measurements of specific 1AP activity, WB and
fecal protemn. For western blot band intensity, and total fecal protein levels, we analyzed the
distributions of these measurements and mvestigated the sensitivity and specificity of these
measurements when utilized as prognostic and diagnostic biomarkers. Sensitivity is squivalent
i the true positive rate for a clagsifisr, while specificity is 1 — FPR (the fualse positive rate) for
a classifier. For each of our three variables of interest, we fivst fnvestigated the spectficity and
sensitivity obtained using a simple threshold based classifier. For each of these classifiers, we
computed standard ervor for owr semsitivity and specificily estimations by performung five
rounds of jackknife resampling i which 20% of the data was excluded from the estimation of
sensiivity and specificity for each round of resampling. Our data was stratified by class label
duriny this resampling process, so that for each round of resampling 6-7 control samples and
3-4 NEC samples (20% of each class total) were excloded from the analysis.

[86316] After investigating single vanable classifiers. we explored the wtility of mul-
vartgble classifiers by training Natve Bayes Classifiers (NBC) using the scikit-learn package
in Python (26}, A Naive Bayes Classifier assumes that each feature used in classification s
statistically ndependemt {21} This paive assumption is untrue for our three features (IAP
activity level, total protein, and WB intensity). However, prior work in the machine leaming
community has shown that NBCs can perform well on nwlti-feature classification problems
even when the assamption of statistically independent features does not hold 21). To avod
overfitting of the multi-feature classifier, we used a 5-fold stratified cross-validation scheme
where, for each fold, the NBC was trained on 8% of the data, and then the resulting classifier
was tested on the remaining 20% of the data in order to estimate sensitivity and specificity.
[Bo3ti} Resudes

00312} Compared with muliiple samples from the controls roughly matched for the
gestational and chronological age, stools from NEC patients at the ume of diagnosis had
decreased 1AP activity (Fig. 7}, increased total fecal protein (Fig. 8) and increased detection of
1AP protemn {Fig. ). Fecal 1AP acinvity was low at the thue of diagnosis of NEC compared to
aversged conrols. When the Manun-Whitney test was apphed there was statistical significance
between the groups. The mean values for fecal 1AP activity was 184 mimg with a standard
error of measurement (SEM) of 34 ve 1932 mUimg in the control group with SEM of 433

{(P<0.0001). This is dlustrated m Figure 2.
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{86313 We found that NEC patients had significantly higher amounis of fecal protein

at the time of disgnosis compared to nmaiched controls for post conceptual age. We averaged
protein amount from individual non-NEC patients between 29-43 PCA and compared this t©
the patient stool samples at the time of diagnosis of NEC totaling 7 events from 6 patients
{Figure 3}). Nownparametric {ests (Mamn-Whitney) were used o compare the non-normally
distributed data and there was a statistically significant difference {(P=0.005) between the
groups. Mean at time of diagnosis was 2.62 with SEM of 0.33 in NEC patient samples
compared to a mean of .98 with SEM of 0.25 in averaged controls.

{66314} WB guantification by percentage of positive control was performed osing 7
NEC events in 6 patients and 7 control patients. Mean WB percent in the NEC patient samples
was 193% vs 6% in controls {P=0.0022). The standard error of measurement was 43 w NEC
vs 1.9 i controls. {Figure 4},

[BO3 15} The antibody we chose for western blot analysis did not easily detect AP in
stool except in the cases of NEC. Longttudinal observations of 2 patients with NEC are shown
in Figure 10A and 10B. Pansel A highlights a prematere mfant with profonged comwrse of NEC
followed by perforation. It shows a precipitous dvop in 1AP activity and appearance of {AP
protein on WEB at the time of inttial NEC dingnosis, a persistently low 1AP activity and evidence
of 1AP protein on WB during initial therapy until subsequent perforation. After Penrose deain
placement and {en days of bowel rest, there was no longer evidence of lugh 1AP protein on the
WB, but there was an incregse in fecal 1AP getivity. Panel B highlights a different infant with
multiple NEC survetllance events (one event is represented by the green point) prior to NEC.
The suspected NEC episode was associated with evidence of 1AP protein on WB, bul normal
iAP activity. This resolved before the precipitous drop in the AP activity and emergence of
high 1AP protein on WB at the time of NEC, After medical management and recovery from
NEC, 1AP agetivity increased and there was no longer 1AP protein demonstrable on WB, Figure
1) Panel C shows 3 groups of samples, each consisting of stool from a NEC patient at the time
of diagnosis compared with that from a closely matched control. Groups 1 and 2 clearly show
mereased (otal fecal protein, decreased 1AP activity, and evidence of 1AP protein on WB. In
group 3, therg was no sigmficant difference in 1AP activity and total fecal protein, but the
wesiern blot clearty differentiates between the NEC and control samples. Figure § Pavel D
shows stools taken prior to and at the thwe of dingnosis from 4 dilferent NEC patients, Using
each patient as his or her own control, the diagnosis of NEC was associated with decreased tAP

activity, increased total fecal proten and the demonstration ol 1AP protein on WB.
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{80316} Figare 11 Panel A 152 3D scatterplot iHustrating NEC samples and controls with
fecal 1AP activity, fecal protein and WEB data points. NEC samples are labeled i red. Panel B
depicts & 2D scatterplot showing 1AP activity and WB percentage. There is high activity and
low W percentage in controls. Combinmg all 3 biochemical assays increased sensitivity and
spectficity observed despie low sample amounts and patient numbers. Figuwre 6 panel C
demonstrates the utihity of examining nwliiple features sinusltanecusly by depicting the trade-
off between sensitivity and specificity for multiple threshold values and multiple featurs
selactions. Western blot intensily considered alone performs beat with 100% senstlivily at 70%
specificity for o detection threshold of 10% positive control band intensity. However, if 100%
sensitivity is not required and the goal 15 to simultaneously maximize both sensitivity and
specificity, then the 3 featore Navve Bayes Classifier performs best by reaching a sensifivity of
95% and a specificity of 93%. The 1AP activily level considered alone performs almost as well
in tlus case by achieving a sensitivity level of 98% and a specificity of 91% when using a
threshold of 300 mUimg 1AP activity, When western blot intensity level is considerad alone at
9S% sensitivity, the specificity {evel 15 88% using a 30% positive control band mtensity
threshold. However, perhaps ansurprisingly, total fecal protein level alone is not specific for
NEC. In order for total fecal protein leved to achieve 95% sensitivity, the specificity must drop
to 4495 using an mterpolated threshold of 1.02 mg/ml. Consequently, fecal 1AP activity level

and 60 kDa western blot intensity levels hold promuse individually as NEC biomarker

cangidates,
68317 There was a noted trend towards higher fecal protein in controls with feeding
= p o

intolerance, as defined by the mumber of days needed {0 reach target enteral feeding volame

{Figure 12}, The opposite trend is seen in 1AP activity although the association 18 mach less

striking,
066318} Heterogeneity of stool could imerfere with the rehiability of the test. In one

particolar inhomogeneous stool, the nmwcous~containing portion (Fig 134} resembled other
NEC samples, whereas the more solid portion of the stool (Fig 13B) was similar to control in

terms of 1AP protein on WEB and 1AP activity.

{66319} FXvensyion
803244 In our study, we observed alterations in total fecal protamn, AP protein by WB

and 1AP activity in stools from NEC patients at the time of diagnosis. The high protein levels
mn stoel of NEC patients at the time of diagnosis can reflect Joss of mucosal integrity in an

already mungture intestine as well as inflammatory products associated with the disease,



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

Shulnen et ol demonstrated a sinnlar trend with significantly increased alpha 1 antitrypsin in
ston} at the e of NEC diagnosis compared to controls (22},

[66321] Intestinal alkaline phosphatase 15 expressed primarily in the apical enterocytes
of the small intestine, making i an ideal, relatively specific candidate biomarker for localizing
gastromtestingl disorders such as NEC. It adheres closely to the membrane but is also shed into
the lumen (4}, 1AP was recently demoustrated by Shifvin et al. to be distributed into the mucus
laver and zut humen via mucrovillar vesicle shedding (233, Durmg mtlammatory insult and
bowel necrosts, disraption of the mucosal barrier and cell death, as well as shedding of the
mucosal limng, would lead to an increased release of mucosal proteins such as 1AP into the
feces. The rarity of 1AP signal on western blot, but high 1APF activity in the stools of control
subjects is still not well undersiood. Perbaps the normal shedding process changes free huminal
AP structure 1o a way that does pot allow for recogaition by our particular antibody. The
inwnunogen {or the antibody is full length native buman 1AP from small mtestinal tissue and #
can be more sensitive 1o the membrane bound full length protein. Alternatively, there are 2
kpown soenzyvmes of 1AP, the fetal and adult forms that wndergo developmental changes
{2425}, H can be that NEC mflammation is associated with prodection of an soenzyme
recognized by our antibody, wheress 1AP produced under normal conditions is another
isoensyme that is not recogmized. In any case, the difference i WEB findings s highly
suggestive of a conformational difference m fecal 1AP between the healthy and diseased state.
80322} The sudden decrease in overall fecal 1AP activity that we found in fecal samples
from NEC patients at the time of NEC diagnosis was similarly found in rat pups with induced
NEC (13,26}, Whitehouse ef al. demonsivated via intestinal histology and tissue sampling of
ternunal Heom a decrease in tissue 1IAP protein and activity (26).  The cellular loss, and
presumed shedding into the intestinal lumen, that is used to explain decregsed 1AP protein and
activity, at the tissue level, can also help explain ncreased AP protein and decreased activity
n the stool of patients with NEC. Ttis interesting to note that adult patients with inflammatory
bowel disease were found 1o exhibit lower AP activity 1n biopsied intestinal tissue {27).
{86323} The mechanism for low 1AP activity at the time of NEC does not appear to be
due to an imitial deficiency since we observed a rapid decline in activity from normal levels in
some NEC patients. The loss of 1AP enzymatic sctivily can veflect damage 1o the enzyme’s
eatalyiic site. In an animal model, Sisley et ol demonstrated decreased mucossl AP activity
following ischemia reperfusion and suggested that the metal binding sites can be more

susceptible to oxidauve danrage (28).
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{60324} The drop in fecal 1AP activity with a corresponding sudden appearance of {ecal

that the use of activily assays and western blot for 1AP detection can offer diagnostic value
with an initial event. Ap additional biomarker of this sort can offer hittle benefit in cases where
NEC can be identified readily by traditional means {(bloody stools, pneamatosis intestinahis
etc.). However, use of fecal 1AP would be most beneficial in establishing the diagnosis in those
with subchnical disease or in those who lack clear radiographic evidence. Although thought to
be pathognomome for NEC, Ballance st al. showed that pneumatosis intestinalis was actuslly
present i only 48% of pathologically confired in the NEC patent population (29). Fecal 1AP
could be also used during recovery from NEC to pauge the integrity of the bowel and puide
feeding strategies i1 ouwr most vulnerable patient popdation and to determine the length of ime
needed for recovery. Without being bound by theory, the needs of some children can vary from
7-14 days of treatment that is considered standard management.

{06325} These biomarkers can even be useful in patients without NEC. We observed a
tendency for control mfants with feeding intolerance and delayved achievement of full enteral
feeding to have higher total fecal protemn and lower 1AP activity. Control infants who tolernted
feeds well exhibited low total fecal protein and very high 1AP gctivity. We have no information
vet concerning the presence or absence of AP protein by WB as it relates to feeding
mdolerance. If this 1s confirmed by larger stadies, 1t would provide more incentive to explore
the potential benefit of 1AP supplementation in these cases. More studies are needed to establish
normal values for each parameter at all gestational and chronological ages, and to determine
dietary and other factors that can influence them.

{66326} No method is without linitations. A potential confounding factor of fecal 1AP
testing is the heterogeneous nature of stool, We had one stool sample collected at the time of
NEC diagnosis that had two distinet consistencies namely mcous and normai appearing stool.
We separated the parts and the normal appearing stool had resuldts similar to controls, whereas
the mucous~-contaiing portion bad the expected low AP activity and lngh 1AP signal on
western blot (Figure 13). We did not include these data points in owr analysis due the wids
discrepancy of stool preparation. This was the only sample with this problem and the frequency
of this occurrence 18 unksown. Another challenge we faced was the infrequent and sporadic
stooling patterns gssociated with premmwity that did not allow for exact standardized
vollection times among subjects. In the clinical realm, depending solely on stool samples might
lead to delayed dmgnosis due to poor stooling. No biomarker will substitute for a good physical

exam and clinical expertise. Probably the best use of fecal 1AP a5 a biomarker would be as an

o)
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adjunct i establishing the disgnosiz of NEC, monioring disease progression and
surveilfance oy momtoring of high risk groups.

[66327} In our examination of 3 potential NEC hiomarkers related to intestinal alkaline
phosphatase, we have demonstrated that stool sample analysis has potential chinical otility for
mproving diagnosis of necrotizing enterocolitis. We have shown that specific 1AP activity
levels and western blot band intensity can both be used to identify NEC patient fecal samples
with high sensitivity and specificity when conslered mndependently. We have also shown that
musltiple features can be combined using a Nafve Bayes Classifier in order io stimultaneously
achieve better levels of sensitivity and specificity. Moreover, in future work, our Naive Bayes
Classifier methodology can be extended to simultaneously analyze 1AP activity, western blot
band ntensity, and multiple other candidate NEC biomarkers which were bayond the scope of

this current study.

(68328} Conclusion
{86329} Fecal 1AP protein on WB, and tolal fecal protein are creased, bat fecal 1AP

activity 1s decreased m pauents with NEC at the time of diagnosis. Measurements of 1AP
protein hy WB, 1AP activity and fecal protein amounts are usefid biomarkers individuoally, but
sensitivity and specificity of diagnosis can be improved by combining the 3 parameters. More

studies are needed to deternmune sensitivity and specificity of each assay individually and i
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EXAMPLE 4

jBa360] Suntmary!

jBR361] Results from three different nochenucal tests, performed on preterm infant

stool, were grouped by post-conceptual age, which permts comparison of gut development of
preterm infants through tenm infants. Measurement of relative IAP content in stoolis @
biomarker for bowel infection. Measwement of 1AP aclivily i3 8 bicanarker for maturation of
ingestine n preferm infants. Measwement of foecal protein concentration is correlated with an

intestingl inflamumation response or diseased state.

3621 Cyerview and resufis:
jan3a3} Necrotizing enterocolitis (INEC) 15 a pulti-factorial disease that predominately

affects premature infanis and is the leading cause of late mortality and morbidity 1w very
preterm miants {Caplan, 2008; Christensen et gl, 2010y, Although the etiology of NEC Is not
clearty defined (Dominguer and Moss, 2012; Gephart et al., 2012), NEC is believed to
represent a severe inflammatory disorder m the inlestine (Balance ef al., 1990, Zhang et al.,
2011). Excessive inflammatory responses to environmental insalis in the nnmature infesting
are 8 haltmark of NEC (Chan et al., 2008). Specifically, increased levels of LPS/TLR4
signaling have been soggested to contnbate to the pathogenesis of NEC (Chan et al., 2009;
Fusunvan et al, 2001 Leaphart et al, 2007, Nanthakumar et al., 2011}, Inhibition of
LPS/TLRY signaling attenuates intestinal inflammation and mitigates NEC pathology in

ammal models {Chan et al., 2009; Gubar et al., 2009),

[66364] Intestingl atkaline phosphatase (|AP) 15 a critical component of innate
miestinal immunity. The earyme, tvpically anchored 1o the intestinal brush border, cleaves
phosphate groups, and as such can dephosphorylate Bipopolysaccharides (L.PS). LPS
dephosphoryiation inhibits a potent signaling pathway; thus, proinflammatory cvtokines
release and immune responses by LPS-activation of TLR4 (toll-hike receptor 4; Lalles, 2010}
are blocked by IAP. In addition, 1AP is concentrated in speciabized membrane vesicles, which
are released from distal tips of enterocyie mucrovilll o the intestinal lumen (MeConnell et
al., 2009; Shilfrin et al, 2012}, These released vesicles mteract with and Tinut the pro-
mflammatory potential of both bacteria and bacterial products.

[0365)
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{86366} Thus, we would expect that tAP would be measureable in human stool

samples; thus is confinmed Fom 1AP being one of the cove proteins in the nnnan stool
proteome. A steady state baseline of 1AP would be detected from intestinal epithelial cells
shed 1 the lumen and detected in stool. 1AP content in stool would increase from released
membrane vesicles loaded with 1AP, if there was isk of bacteria~-induced inflammation.
Samples from non-NEC infants that were grouped by post-conceptual age {grey bars, Fig
14A) showed the premature nfanis have low amowunis of 1AP, relative (0 a positive control
from human small intestine tissue bvsate. Our data also show that mfants who bave NEC have
a high relative content of 1AP (120-320% of positive control} in their stool samples at the
tme of clinical diagnosis.

883671 Second, a dynamic transition of 1AP 1sozyme forms is associated with the
maturation of fetal ntestine (Mulivor et al, 1978; Surivra et al, 1981} The fetal isoform of
intestinal AP has a low biochemical activity, whereas the adult 1AP has a high biochenical
activity. We hypothesized that tAP activity would change with fetal development, 1.e.
preterm infants would have lower 1AP activity than full-term infants. We reasoned that the
himited 1AP biochemical activity in neonates could lead to overactive LPS/TLRY signaling.
We tested this hypothesis by comparing stool IAP activities from infants of different
gestational ages. Sool thus provides an acaurate measurement of 1AP activity in the neonatal
uMestine,

80368} QOur data indicate the premature mfants have reduced 1AP activity as compared
to full-term infants. Fig 14B shows gverage 1AP activities, normalized to protein
concentrations, of stool samples that are grouped by post-concepiual age {grey bars}. There i3
a strong positive correlation between AP activity and post-conceptaal age. When comparing
AP activities spanning 24-41 weeks post-conceptual age, 3 one~way ANOVA and Tukey's
multiple comparison test was performed and showed that the samples were statistically
separated into two groups: the preterm group (post-conceptual age <35 weeks) and the full-
term group {post-conceptual age > 36 weeks). Conparison of all stool samples from full-
term infants (post-concepinal age > 36 weeks, =28} with all sarples from premature infanis
{post-conceptual age < 35 weeks, =79} revealed the latter group 1o have significanty lower
FAP activities (p<0.0001; one-tailed t-test).

186369 In compatison, infant stool collected on the same day of clinical NEC
diagnosis {red bars) had much lower 1AP activity, when compared o age-matched controls.
Therelore, extremely low activity of 1AP is correlated wath NEC. Stool samples that bave 1AP

activity below 240 U/mg can be used as a biomarker to wdenttly infants at greatest risk for
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NEC. The sensithaty of this univariate biomarker is 100% with a 953% CI of 66-100%,. The
specificity i 100% with a 98% CEof 97-100%. For this sample set the disease prevalence is
7.8%%, the positive predictive value is 100%, and the negative predictive value is 100%,
{370} Without wishing to be bound by theory, the reduced capacity of preterm infant
miestines to dephosphorylate promBammatory LPS can increase the risk of excessive
inflanunatory responses to bacterial colonization and NEC development, Furthermore, based
on these findings and without wishing to be bound by theory, prophvlactic AP
supplementation fo premature nfants can warranl further study as o strategy for decreasing
the risk of NEC. Our data also show that infants who have NEC have a bigh relative content

of 1AP and of protein in their stool samples at the thne of clinical diagnosis.

EXAMPLE 8
08371} Feeding tolerance is demonsirated when the preterm infant is capable of safely
mgesting and digesting the prescribed enteral {via mouth} feeding without complications
associated with gastromtesiinal dysfanction or infection. Clinical evidence of feeding
tolerance in very low birth weight preterm infant is most often described in the ernture as
the mumber of days required 10 reach full-feeding volumes (roported ranged from 100-160
mil. per kg per day), the mumber of episodes of feeding intolerance, the number of days feeds
are withheld due to feeding ntolerance symptoms, time {o regain birth weight, lower leg
growth, increase m weight gain, occipital-frontal head circumterence, and length. None of
the infants studied had reached full-feeding volumes.
[80372] Types of formula mchude, but are not limited to: EleCare {Abboit Nutrition),
Neosare {Stmilac), EnfaCare (Enfamil), Pregestint (Enfamil), Simvlac Special Care or S8C

{Similac}, and Gentlease (Enfamil).

[603731 Supplements can include without imitation Microlipid {(Nestle Health
Sgience).
(80374} Non-Hmiting examples of parenteral {or intravenous) nutrition comprise

intravenocus dexirose soluiions, indravenous amino acid solutions, intravenous it emulsions,

infravenous vitamin and mineral supplements, or a combination theveof.

EXAMPLES
03751 NEC is a devastating GI disease that primarily affects prematare mfants

{Incidence: 4-14%; Mortality: 15-30% {up to 509%); Morbidity: ap to 50% of survivors).
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Clindeal manifestations of NEC comprise abdonunal distension, poor gastrointestinal
motility, and bloody stools. Xoeray findings comprise pneumatosis intestinalis and perforation.
{66376} Diagnosis of NEC is difficult because early manifestations are non-specific,
the presence of preamatosis intestinalis s meonsistent, and there is rapid clinical
deterioration despite aggressive management. Pneumatosis, for example, is seen i only 48%
of pathological confirmed necrotizing enterocolitis. There gre currently no biochemical
measures to identify those infants most at risk and to enable early diagnosis.

[86377} As described herein, intestinal alkahine phosphatase {1AP) can serve as a
biomarker for NEC, and that deficiency of 1AP is comvelated with a predisposition to NEC,
{66378} 1AP is produced by apical enterocytes and secreted into haninal brush border
and catalyzes hvdrolysis of phosphomonoesiers. 1AP is active as o homodimer and requuires
Zo™" and Mg™ tons in the active site. Substrates of 1AP include LPS and nucleotide
triphosphates. 1AP bas multiple roles affecting gut barnier function and imflammation. 1AP 15
shed in stool. 1AP is tissue specific AP, meaning made mostly in intestine, as demonstrated by

immunohistochemical stainimng of intestinal tissee (FIG. 15}

{66379} AP maintains got bamer function (FIG. 16}
{66380} This study investipated whether fecal 1AP is a diagnostic tool for NEC, Serial
patient stool samples collected and processed within 4 days. Starry of 200mg stool’ Iml

molecular grade water, Centrifugation at 14000 rpm at 4 degrees Celsius. Sapernatants
stored at -20 degrees Celsius until analysis. Biochemical Assays performed comprise
concentration of total protein in stool, enzyvmatic activity of alkaline phosphatase, and

western blot with haman 1AP. 16 infants from Touro Infirmary and Children’s Hospital of

New Orleans provided samples (NEC: 3 patients {25-35WGA Y, Non NEC: 11 Patients (23~
34 WGAY. Over 100 siool samples processed and anglyzed.

0381} S NEC patients at time of diagnosis were compared with 11 control patients,
and the control patients fecal total protein between corvected gestational age 29-35
corresponding with the corvected gestational ages of the NEC patients was averaged. The
results were statistically significant with median total fecal protem being 2. 7mg/mi in NEC
patients and 0.7mg/mi i Non NEC patients. Fecal total protein content was higher in NEC
patients than in control infints {FIG. 17}, The median (3%6-958% CI for Fecal Protein

NEC 2.7(L6-3.6) Conwols 07 (02-2.1)

003821 The determination of fecal protein content requires ~1 hr of lab work.
Measurement of fecal profein conceniration above 2 mg/mli can serve as an early indicator of

NEC onsst.
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{86383} Total fecal AP is predonunantly intestinal iseform. There are other alkaline
phosphatases in the indestine, such as bacterial and TNAP. We quantitated the proportion of
intestinal AP catalytic activity from stool by using L-phenvialanine which specifically
inhibits activity of only the intestinal type alkaline phosphatase. Specifically, we obtained AP
activity with and withont L-Phe added to deternune specific 1AP activity, and concluded that
AP is the main form of AP in stool. Fecal AP catalytic activity was consistently lower
{statistically significamt} in NEC population (FIG. 18},

{66384} Table 1:

Redian valugs 200 and 600, Statistically signiflcant difference

Summary of Dada

Paramstes S cosvtrads
Meary 198,068 5016
¥ of pointy; 5 i3

Std deviation: 42,378 182

St erron ERACES 430.1

Mintmum: 14600 A34.00

Maximum: 25000 I8N

Median 18860 598.00

Lonwer 95%CE 14851 543,22
Uppsr 958% L 25149 24883
[BB38S]

[Bh38e] When NEC patienty were matched with a specific controd of sinular age and
sestational age, the AR envymatic activity was lower (FIG. 19y

{60387} Measurement of low AP gotivity (<200 U/mg) is a potential biomarker of
NEC. There is a untform reduction of alkaline phosphatase activity i NEC patients
compared to matched controls. Without wishing to be bound by theory, 1AP silencing can be
a component of put mucosal barrier dysfunction in critically-il NEC patients. Goldberg et al.
Proc Natl Acad Sci 103, 3351

[B0388] Unexpectedly high levels of 1AP protein are detected 1 association with NEC.
A specific antibody for human 1AP was used in western blot analyses and, surprisingly,
detected appropriate signal only in the NEC sanples (labeled N} and absent in control
samples, Each group represents differemt NEC patients at the time of diagnosis and the
controls which were age and gestational age matched. There are much higher VAP amounts
present i stool of NEC patients at the time of diagoosis (FIG. 203,

jH389] NEC episodes demonsirate increased fecal 1AP protein levels. One NEC

patient serially was followed and found that the patient continaed to have high 1AP levels
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even after medival manapgement. The patient subseqaently had a perforation followed by
surgical ttervention. Stool 10 days following surgery po longer has high levels of (AP
protein. There is no signal on day 42 (FIG. 21). Contrasted with AP activity, the patient
maintained Jower AP activity antil surgical intervention. 16} days after sargery AP activity
begis to increase. The presence of persistent igh fecal 1AP levels and low activity could
have been an ndication of compronused bowel leading up to perforation. (FIG. 22).

[60396] AP is developmentally regulated, and its expression and activity

in rat models has been shown 1o be decreased in premaiure pups. Data corroborate 1AP
activity is decreased in human NEC infants, but not its expresston. Without wishing to be
hound by theory, a third NEC biomarker can be western blot analysis or ELISA of AP
proten levels in preterm infants {Rentea et al. B I Pediaty Surg 23, 39; Hemeorling et al §
Pediatr Sarg 49, 954; Biesterveld et al J Surg Res 196, 235},

{66391} This study provides preliminary evidence that three lab tests on stool samyples
can serve as biomarkers of NEC, Technique, length of time, and required squipment varies
between the three tests. Combining the three markers can increase diagnostic value over
using a single biomarker. Subsequent studies will optinnze specificity and sensitivity of each
niethod.

80392} There are differences betyeeen proximal and distal halves of intestine in
suckling rats. Structural differences comprise magority of 1AP 1s membrane-bound i the
proximal half of the intestine; in the ileum, however, AP is found in the supernatant fraction
of intesting! homogenate; in adulis, more than 95% of 1AP is membrane-gssociated,
Functional differences comprise during suckling period, total atkaline phosphatase activity
higher in ilewm; when rat matures, activity falls in ileant and becomes higher i proximal

howel, Yedhin et al. J Biol Chem 256, 5820

03931 Testing for non-specific binding of secondary antibody (FIG. 23).
{00394} Methods: fluorimetric assays. Alkaline Phosphatase cleaves the phosphate

group of the non-fluorescent 4-Methylumbellifervl phosphate disodium salt (MUP) substrate;
Results in an imcreased fluorescent signal when dephosphoryviated; Measured using a
spectrophotometer.

EXAMPLE 7

{80395 ANTBIOTICS FORNEC
[60396] For NEC, 10-14 days of antibiotics 15 admunistrated to the infant, but the

preseription is variable between hospital practices. Ideally, preseription would be for broad

spectrum coverage for (1) gram-positive bacteria, {1t} gran-negative bactenia, and (11)

76



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

anaerobie bacteria. For example, Vancomyein {gram-positive inchuding MRSA), ceftazadime
{thurd generation cephalosporing — gram negative, some grant positive, and pseadomonas),
metronidarole (anaerobic coverage), oxacillin (gram positive).

0397} Examples of peneral antibiotics regimes are; ampicillin + gentamicin for
possible vertically acquived wfection from mother, and vancomycin + cetanidime for possible
hospital acquired infections. Commonly used antibiotics are Gentanvein, Vanconyyein,
Ampicithin, Zosyn {(combination of piperaciliin and tazobactam), Flagyl {meirodniazole

generic), Chndamyein, Meropenem, Fluconarole {antifungad agent).

{66398} For sepsis, 7 days of antibiotics would be administered to the patient.
[88399] Feeding and suirition regimens for preferm mlans:
jo0300} One of the challenging tasks for the neonatologist is to adequately and safely

provide nutrition to very preterm infants. Enteral supply (feeding by mouth) is the most
challenging balance of safety and nutrition. Signs for feed tntolerance, or an mability to
digest enteral feeds, 1s frequently encowntered in preterm infants. Intolerance to enteral feeds
can be a benign condition but there is overlap with necrotizing enterocolitis. Moveover, there
are clear demnmental effects associated with fasting.

80101} Complete parenteral nutrition (PN} solutions were provided on the first
afleroon followmg birth. Infants receive stock solutions containing glucose (10 g/dL), amino
actd (2.3 gAdL), and lipid s in the first 2 hours of life. Amino acid solutions contained
AminosynPF 10% (Hospira Inc} or TrophAmine 1% (B Braun Medical Inc). Intralipid 20%
{Baxter) Liposya I 20%;, and Liposyn 1 20% {Hospira Inc} provided parenteral lipids.
Floids typically provided 80 to 100 mb/&g per day at bivth and increased by 20 mb/kg to 140-
160 mbL/kg per day i the first week of life. Acetate salts of sodium and potassium in PN
solutions are buffers against metabolic acidosis,

{60402} PN solutions provided most of the mutrition in the first week of life. Enteral
nutrition {EN} typically coninbuted omly minimal encrgy until the end of the second week.
The transition {o exclusively EN was typically achieved before the end of the fourth week.
When available, infants received their mother’s breast mitk. After tolerating breast mtlk at
130 mb/kg per day, infants received supplemental buman mulk forfier (Mead-Johuoson),
When breast nulk is not available, infanis received formula specific for premature infants,
The maxinunn caloric density of supplemented breast milk or fornmula was provided at 0.8

kealiml, (80 kealfdl; 24 kealion).

~d
]
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[86463] Types of formaela: Prematare Evfamil Formala (Enfamil), BleCare (Abbott

Nutrition), Neoswwre (Simile), EnfaCare {Bnfanul}, Pregestimi] {(Enfanul}, Similac Special
Care or SSC (Similac), Gentlease (Enfamil). Pregesternil and Elecare are hydrolvred cow-
based formulas, typieally used for post-NEC babies or those with history of feeding
miolerance. Enfacare and Neosure are discharge preterm formmula. Premature Enfamily
Formula and Similac Special Care are hospiial preroanwe formula,

[60464} Feeding tolerance is demonstrated when the preterm innfant is capable of safely
ingesting and digesting the prescribed snteral feeding withowt complications associated with
gastrotmtestinal dysfunction or infection. Chnical evidence of feeding tolevance in very fow
hirth weight preterm infant is most often described in the literature gs the number of days
requived to reach full-feading volumes (reported ranged from 190-160 mb per ky per day),
the number of episodes of feeding intolerance. the number of days feeds are withheld due 1o
feeding intolerance symptoms, time (o regain birth weight, lower leg growth, increase in
weight gain, occipital-frontal head circumference, and length,

{80405} Proposed prevention/treatment strategies for feeding intolerance 1 preterm
infants nclode:

{66406} Table 2: Proposed preventiow/treatmnent strategies for feeding intolerance o

preterm nfants.

Alteredi/mmmature function Prevention/treatment straidey
i. Motihty
a. Sucking-swallowing Non putritive sucking
coordination Tube Feeding:

1. Gastric vs transpyloric
. Continuous vs internuttent bolus

b, Gastro-esophageal reflux Infant positioning
Prevention/treatment of apnoeic episodes
Drugs:

1. Acid suppressors
ii. prokinetics
. Gastric empiying Low fat content
Osmolalitv (1)
Prokinatic drugs

s

d. Intestinal motihity Prokinetic drugs
Cramolic solutions
Enemas
Abdonunal massage {7}

2. Digestion

a. Laclose Laciose fres formula
Lactase~treated formuls

b. Protem Hydrolysed protein formula

Amino acid-based formula
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Altered/immature finction Prevention/iregtment sirategy

¢. Fat

g

MCOCT/LcPUFA conternt

3. "Imtestinal nulbien”

a. Microflora Probiotics
Prebiotics
Lactoferrin
b, Intestinal barrier Glutamine
Probiotics
Lactofernn
(66407}
{66408} References cied i this Expmple:
{08409 Herrmann and Herrman, 2010, Nutrition in Chinical Practice 25, 69-78
jof410] Fanaro. 2013, Earlv Human Development 8%, 813-520
88411}
EXAMPLES
[86412} PROP = propensity of getiing NEC = (T-activity) * WB
{86413}
[86414] {. The Markov transition model was fited with PROP, white blood cell count,
aniibiotic {Yes/No), and whether or not a baby had some volume of food (1),
Table 3:
Coefficient + Confidence Interval
Variable Transiion to NEC Transition to Non-NEC
PROP 18,7845 (1.302282, 270.9) 01038 0006116, 1.76)
White Bleod Cell Count 0.9975 (19777 LGN 0.9726 (0.0246 1 023
Antibiotics 65051 (0.1323, 1.928) 11,9612 (3.8391,.37.267)
Vohane Given > 0 L1871 (036023710 0.8028 (.2958 2. 179
[B0415] Volome given = 0
{86411 Without bemng bound by theory, tacreased PROP signiticantly moreases the

risk of transitioning to NEC. Without wishing to be bound by theory, using Antibiotics

increases the probability of transitioning © non-NEC from NEC status.

joa417}

Without wishing ip be bound by theory, when the data from the table are

plotted, there 1s 8 synumetry relationship between the state 1 to 2 and the state 2 to | ratios.

{66418}

For example, using the daia set without the extra assay data from 2019, the

coafficient for PROP was around 11 or 12,

[06419]

The result printouts are below:

Maxinmum lkelibood sstimaies
Baselines are with covariates set to theit means
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Transition intensities with haward ratios for each covariate

Baseline PROP
Siate 1 - Sdate 1 -LO1257 {-0.03220-0.00400)
State | - Sigte 2 G.O1237 (0.00491, Q032203 18,7845 {1.302252,270.96)
State 2 - State | 1.32270 (043181, 346219 0.1038 (00606116, L.70)

State 2 - State 2 122270 (-3.46219,-043181)

ANTIBIOTICS
State t - State 1
State | - State 2 09975 (097771018 05031 (01323, 1.928)
State 2 - State | 09726 (0.9246,1.023) 1196123, R391,37.26 7Y
State 2 - Sate 2

VOLITRUE
State | - State |
State 1 - State 2 LISTL (036023717
State 2 ~ Siate 1 £.R078 (0. 3958,2.179)
State 2 - Mate 2

{68420} Using additional variables (AT ratio, Platelet connt, Time} rexulted in models

that did not converge. Without wishing to be bound by theory,this may be dae io the fact that
ahservations are carried forth to days where we have missing values. For example, iits
known on Tuesday that a baby has a PROP score of .05 on a Monday, and another PROP
valug 18 pof oblained until Thursday, the baby's PROP values on Tuesday and Wednesday are
A5,

j68421} 2. In embodiments, certain variables can be removed, for example if the
niodel s complicated and the prehinunary data s honting, When i comes to predicting &
transition info NEC status, a significant variable 18 PROP (sinee the confidence interval
doesn’f contain [y, Without wishing to be bound by theory, if 8 model is fitted with only this

termy, the table is ag follows:

Coefficient + Confidence Interval
Variable Transition to NEC Transition 1o Non-NEC
PROP 52,5438 (.51, 500,99 02727 ({}.(} 12,.6.01)
jad22] i another enhadiment, antilnonies i el iy the analysis, which sesm to be

significantly related with a switch from NEC 10 non-NEC status. Without wishmg to be

bound by theory,in this casg, the table s as follows:

Coeflicient + Confidence Interval
Varable Transition o NEC Transition o NowNEC
PROP 24.12 (1.85, 313.88) 0.137 (0.0079, 2.38)
Antibiotics 0.3871 (0,126, 1.19) 10.52 (3.59,30.81)
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[68423] 3. FIT of linsar mixed meodel for PROP score
[68424] Next, a Hnear miged model was run to predict PROP score as a function of

ONLY the values currently in possession (Le. we did not impute values of PROP by carrving
one forward) over time, This resulied i 580 datapomts for 92 patients, with about 43 {79%) of
these datapoints containing PROP values corresponding to patients with a NEC diagnosis at
that time. This model was it for only the covanptes NEC, Antibiotics (YES/NQ) and Volume
fed > (NO/YES) since introducing more covariates dropped the complete cases to 78
datapoiniz. A Huoear and quadratic time effect was inttislly included, but, without being
bound by theory, the likehthood ratio test showed that this was not necessary. The results of

the reduced mode! withow a time effect is below:

Coef S.E. i Prieith
Intercept 430636 G.0178 ~3.57 0.0004
NEC 8.08733 0.014% 493 <0001
ANTI 0.41174 {086 .86 Q3876
VOL 0,8502 30128 392 a.0801
{80428} i additional embodiments, having the explict mathematical terms may allow

analysis of data from the linear mixed model.

{66426} Without wishing 1o be bound by theory, mixed models are used for analysis of
correlated data, such as longitudinal data or information that may have multiple
dependencies. A key feature of mixed models s that, by mtroducing random effecis in
addition to fixed effects, they allow for addressing multiple sources of vanation, 1.e. within-
and between-~subject varnation, and interactions between combinations of discrete and
continuous varigbles. In an embodiment, the 't in the information m Example 8 can refer to
an abbreviation for time. In this embodiment, NEC PROP may be able to predict disgase
4.93 days prior {0 x-rav.

[66427] As deseribed herein, if g patient is diagnosed with NEC on a given day, it can
be predicted that they will have a significantly bigher PROP score, as the NEC coeflicient is
positive (110733} and the p value s less than 0.0001. There is an inferaction between NEC
Prop and no feeds; the Vol coefficient is 0.0302. This interaction ¥s significant, as it hasa p
value of 0.0001. Without wishing to be bound by theory, such an interaction would be
expected, since the medical staff halt feeds when NEC is diagnosed. Antibiotic use bas no
associative interaction with NEC propensity.  This mixed model accounts for multiple
observations on each interval over time.

[80428]

a3
Y
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EXAMPLE 9
{66429} Withouot wishing 10 be boand by theory, PROP Score can be a function of 1AP
activity and WB value:
iAPgriviey; . WB

- max(iAFcpipiny ) max(Wh)

Prop; = (1

|14 301 Transition Model

[and31} Does increased PROP increase {decrease) the rates of transition A and B?
[o0432}

80433} A PROP only

{66434} In an embodiment, the analvsis carried forth the patient’s PROP score o days

that did not bave data. For example, if o patient had a PROP score from day 3 and 7, then

thetr PROP score from days 4-6 are egual to that at day 3.

Table 5:
Coeflicient + Confidence Interval
Variable Tnsiion o NEC Transition 1o Non-NEC
PROP S2IE851, 800 02734001, 000
{00435} fncreased PROP was assoctated with g stgnificantly mereased transition risk to

NEC suspicion/{+).

{66436}
1884371 B, PROP and annibiarics
{84381 The same cary forward was done with the antibiotics, only considering

whather or not the babyv was on antibiotics, withowt considering what kind of antibiotics. for

axample.
Table &:
Coeflicient + Confidence Interval
Variable Transition to NEC Transition to Nop-NEC
PROP 241 (1 85 314) 0314 {01 2.38)
Antibiotics .39 (0,13, 119 10,32 (3,539 30.8)
[66439] Increased PROP was associated with an increased risk of transition to NEC.

Antibiotics increased the probability of ransitioning from NEC o NECK{-).

[00440]
[aRdd1} O Fdt model
Table 7:
Coelficient + Confidence Interval
Variable Transition to NEC Transition © Non-NE(C
PROP 18,8130 270 810 {0.01, 1.70)
White Blood Cell Count LOG DU 100 .97 (.92 1.02)




CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646
Antibiotics 331 (013, 1.9%) 12.0(3.84, 37.3)
Volume Given =0 LIS (036 370) .80 (.30, 2.18)

[86442} In the referenced embodiment, additional covariates could not be considersd

due 10 CONVErgence 1ssues.

j00443] White blood cell counts were carried forward, ss was whether the patient had
not received food.

joaddd} After adjusting for white blood cell count and whether or not the patient
recetved food, the results demonstrate that PROP and antibiotics are significant predictors of

fransiion risks.

[68445] Data shows partial synunetry with that in FIG. 26,

[80445] Interval overlap with 1 infers no sigmiicant difference.

joa4471

{4481 Linear Mixed Model for PROF score

{08449} it 1s noted that we did not carry any points fuwther; thus, without wishing {o be

bound by theory, we used observed 530 PROP datapoints on 92 patients
{60450} Modet fits:

[a6451] PROPy; = oy NEC; + a2 ANT I + e VOLO + agty; + aatﬁ, 4 By
884321 PROPy s the prop score of patient 7 at the fh measwwement.
0453} ¢ 15 the {ime {in PCA days} of the jth measgrement for patient 7.
[00454]

{66455} Time and Tine"2 were not needed w the regression modsl

Table R:

Variable Coefficient Test Satstic Povalue

Neg + 0733 4.93 <. 0001

Autibiotics H074 86 ABTO
Volames=0 | sor 432 oopeeed
j80436] NEC associated with a sigmificant increase in PROP score.
[BO437] Without wishing to be bound by theory, being fed no food on a given day

associated with g significant increase in PROP score.
{08458}
{60459} Without wishing 10 be bound by theory, assumed normality for PROPA beta

regression had nuxed effects modeling capabilities.

{80460} Using beta regression without mixed effects, the same results are obtamed
{pa461} Embodiments could use Bayvesian methods to it the beta-mixed regression if
desired.

o
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EXAMPLE 10
{66462} Example 10, for example, refers to FIG. 28 and FIG. 29 We have been
collecting stool samples fromm preterm infants and analvxing the sbundance and enzyme
ability of intestinal alkaline phosphatase GAP). One of the original plots T generated (F1G.
28) highlights that these two biochemical properties segregate NEC disease from non~disease.
When exanuning sepsis in this sample patient population, there is no segregation of this
blood infection with non-blood nfection.
{66463} Given that both of these iochenticad properhies of 1AP conld distinguish NEC
disease, we were interested in developing 8 ssmple algebrase formuda to incorporate equad
contribution from both parameters. We crafted a formala in which the 1AP abundance is
multiphed by the magnitude of 1AP enryme dysfunction. This product can be referredto as a
PROP scove or as 8 "NECPredict’ score.
[Bod6d] The first term in the formula 15 1AP abundance. 1AP will be shed mnto the gut
lamien, and thus found in stool, if there is an imbalance of bacieria that sre not beneficial.
The normalized percentage of 1AP, relative {0 what s found in husman small intestinal fysate
samples, is bigh when there i a bactenial smbalance or at the time of NEC dingnosis (see
Heath, Mava, ot al. "Association of Intestinal Alkaline Phosphatase With Necrotiving
Enterocolitis Among Premature Infants.” J4M4 nenvork open 211 (2019) 21914996
21914995 which 1s incorporated by reference herein in its entirety). 1 also knew that we
were detecting the gmount of 1AP protemn in stool samples well before clinical diagnosis
(FIG. 29).
{80465} The second term in the NECPredict formula {also referved to as the PROP
score) s 1AP dysfonction. AP, which is responsible for nentratiang signals that ovigiaate
from gram-negative bacteria and trigger the human mnate inunune response. Humans with
robust 1AP function can prevent inappropriate pro-inflammatory signal cascades i the lnpman
gut and contribute to beneficial microbiota maturation. In infants with NEC, we have found
at that 1AP is not functional. compared to control infants, at any time duning the clinical
study. To provide a mathematical term for this dvsiunction, the difference between the
maximum AP activily foand in owr patient population and any given stool reading was
determined: normalization of s algebrate subtraction was needed to give equal weiglt
hetween the protein abundance and protein funciion. The 1AP sbundance and 1AP unction
terms are nultipled to provide a propensily (NECPredict) score,
[aB466} The median NECPredict score was nearly 1 {(FIG. 29) at the tme of chinical

diagnosis snd was clearly bigher than that of controls. Even prior to climcal diggnosis, the
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NECPredict score in iifants with dizease was significantly different from the control infants.
These data pont out that there i3 8 clear chinical - AP biochemical relationship for NEC
disease. Without wishing to be bound by theory, any NECPredict score above 0.5 could be
used as an adjunct i the climie for disease intervention, such as withholding feeds by mouth

and prescription of antibiotics in the neonatal intensive care unit.

[06467]
EXAMPLE 1}
{66468} The goal of this praject is to oblain data for a prognoatic blomarker it

predicts necrotizing eaterocolitis (NEC), the most frequent and lethal gastrointestinal disease

in preterm nfams. Such g tool, which is sensitive and specific for the disease, is essential to
support the development of new medicings i this smallest and most fragile patient
population. Moreover, this effort directly addresses critical decision points in current chinical
practice; neonatologists in the area and patient advocacy groups have directly challenged us
to find the window of disease reversibility. The team first developed a diagnostic test for
NEC, NECPerect. From analvsis of samples from 135 pretenm infants at three hospitals,
NECDerect dentified >95% true positives and »93% true negatives at the time of disease;
importantly, it was not correlated with noongtal late-onset sepsis, Without wishing to be
bound by theory, NECDetect components can be used to assess the risk of NEC, prior to its
severe onset. Owur prospective, observauonal study will evalvate if NECPredict, a caleulated
probability based on biochemical data from infant, forecasts disease 36-48 hours belore itis
clinically evident and if Neonaied DX, a genetic polymorphism screen, identifies infants at
birth with a predisposition to develop NEC. Enrollment target i3 150 preterm infants for 0%
statistical power. Although the low number of preterm infants hmits participants enlisted, thig
goal still exceeds the targets of most studies registered on ChinicalTrials. gov, 62 percent of
which accrue fewer than 100 participants. This effort also s the first study involving the NEC
Biorepository, a virtual biobank of § different academic center hospitals. Foture climcal
studies, backed by this consortiom infrastructure, will have access to infant patient enrollment
m the thousands, which would place it in the top 6% of clinical study enrollment targets. If
suceesstul, accurate, rapid, and inexpensive diagnostics can make personalized management
of gut inflamoation and therapeutic oproversents accessible for s,

604691 Necrotizing enterocolitis 15 the most common gastrotiiestinal disease in
preterm miants. With no diagnostics available, # s critical to better understand the

pathogenesis of human-microbiome crosstalk i this disease. These studies will define the

o
LA



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

window of veversibility in which infants can be selected for proactive management and

chinteal trials for thevapeutic inferventions.

[66470] SPECIFIC AIMS
80471} Necrotizing enterocolitis (NEC) 1n preterm infants s a devastating

gastromtestinal disease, which has high mortality and morbidity rates. Imuially described 200
vears ago, there gre sull fundamental knowledge gaps regarding this rare disease. We do not
know its cause, but it is correlated with infant development, feeding, and microbiome taxa
shifts. Second, and more chintcally urgent, no single factor or combination of known faciors
can explain the wide variability i NEC onset: we do not know who will get the disease and
when. Such insight would open new avenues of care, such as earbier and move effective
managemeni of fragile presmies i the neonatal intensive care unit (NICU) and selection of
mfants for therapeutic climeal wials.
{08472} This proposal addresses the unmet need for prognostic biomarkers that foretell
the onset of NEC in the neonate. To achieve this, the inttial barrier is elucidating molecular
characteristics, or biomarkers, that intersect with dysbiosis, human epithelial Rimction, and
NEC. Withowt wishing to be bound by theory, aberrant brochemical communication between
the premature infant host and gut bacteria is a predictor of necrotizing enterocolitis, Our
prelimimary data highlbight that biochemical assays measuring host response 10 gut bacteria
are diagnostic biomarkers for NEC. When examining blospecimens from 135 very low birth
weight mfants at three different hospitals, the key feature of NECDetect is ds umproved
identification of true positives at the time of disease. Another distinguishing characteristic of
NECEefeet 1s ils usability; it is non-invasive, rapid, low cost and readily integrated nto
existing pathology workflows.
{66473} From this prerequisite effort that answered the guestion "if, this apphication
will determine whether the NECDeteof components can be used as prognostic biomarkers that
address the “who” and “when.” Our approach is to conduct a prospective, longitudinal study of
pretermy infants in NICUs i two different cities and collect biological samples at regular
mtervals. We will enroll 150 preterm andéor growth resiricted infants (<34 weeks gestational
age; <<2.5kg birth weight} from two chinical sites. This study analvzes specific biomarkers and
temporal chnical correlations in NEC and noa-NEC patients. For this apphcation, we will
focus on the following aitms:

AIM 1@ Are IAP polymorphisms predictive of NEC predisposition? Owr

hypothesis s that infants diagnosed with NEC will have motations in the gene for

intestinal alkaline phosphatase, ALPL which lower thew catalviic ability to detoxify



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

harmiul Granv-negative bacteria. Methods will involve Sanger sequencing of PCR
products amplified from genomic DNA of infats diagnosed with NEC and of infants
without NEC. DNA will be 1solated from cheek swabs or from peripheral blood cells.
The significance of this effort would be the first mechamistic definition between
disease severity, biochemistry, and genetic polymorphism. I achieved, this NEC
predisposition screen, termed Neonaial DDy, would be indispensable in identifiving
the earligst possible therapeutic oplion and to improving long-term outcome and life

quality.

AIM 2! Are intestinal alkaline phosphatase (iAP) levels in stool a prognestic
biomarker for NEC? This aim will determine i NEC onset can be determined at a
molecutar level before the most severe physical symptoms are observable at a clinical
level. Without wishing to be bound by theory, mcreased release of 1AP protein i the
human got lumen is a response to microbe-induced milanmmation i NEC and
measurable as a function of time. In total, over 2, 000 patient samples will be
longitudinally collected and analveed for 1AP protein content. [ vifro resalts and
corresponding chinical data will be used to validaie associgtions between AP as a
biomarker and prediction of NEC diagnosis with a computational platform,
NECPredicr. Its significance is twofold. This effort will be the first study to test a
comtinuous-iime process in which patients move between clinical states during the
disease process, rather than waditional binary distinctions between NEC event and no-
NEC event. It also will determune the temporal window of reversibility for proactive,
rather than reactive, medical nanagement.
166474} In net, these aims offer personahized prediction methods for handling human
diversity, variability in infant gut development, and clinical care choices. To do s¢ requires
temporal granularity of patient samples and clinical information; such an effort can only be
achieved due o the non~invasive nature of our bivspecimen procurement. Embedded in this
work is a platform to study the operational and {easibility issues in our clinical study protoced
in obtaining and integrating large datasets of clinical and biochemical information between
two lavge academic medical centers. Such study optimization and data harmonization across a
wide wray of climeal measures will justity o foture muli-center study with a larger nomber
of NICUs, coordinated through the nascent, national NEC Biorepostiory, Importantly, this

proposal will validaie an wrgently needed biomarker that can predict and detect NEC. These

o
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stadies are critical to advancing oy anderstanding of gastrointestinal disease in the most

volerable nfants and can be extended 1o the adult population.

08475} RESEARCH STRATEGY
jBid 76} {a} Background and significance
{80477} Our goal is to define mechanisms that alter homeostasis bebween human host

and gut bacteria that give rise (o gastroitestingl inflarnmation, Severe fonns of Gi
mflanunation, urespective of age of onset, arg delulitating and life-threatening. Iis
pathophysiclogy remains unclear; currently, both genetic and non-genetic factors are argued
1o be requared for these complex diseases.

[66478] Case in point, necrotizing enterocolitis (NEC) i premature infants remains
one of the most feared and costly neonaial diseases {1]; we do not know who will gat it, when
they will get #, ov if they will survive it. NEC progresses rapidly from mild abdominal
distension and feeding intolerance to shock, intestinal necrosis, and death. Rs quick
progression and imprecise clinical presentation engendered a Bell staging rubric, the most
commonly used classification scheme based on broad bedside clinical and radiographic
findings {2, 3} carly stages are termed Bell stage I, medical NEC 15 Bell stage 11, and surgical
NEC i3 Bell stage I (FIG. 30, pancl A). However, Bell staging is not specilic for NEC nor i3
it predictive of disease severity. Mortality rate is between 30-50% [4] and # usually presents
with other lethal diseases, sach as sepsis. Survivors may have short gut syndrome, poor
neurodevelopmental outcomes, bronchopulmonary dysplasia, and intracranial hemorrhage {5-
71

[66479] Lack of reliable molecular blomarkess for got nflammation frustrates
clinicians and is an obstacle for biomedical advances. Xovay radiography (FIG. 30, panel B},
the current gold standard, only detects NEC in life-threatening advanced stages (modified
Bell stages I and HI} and only identifies 449% of true positives {81 Moreover, despite s
frequent and consistent use, individual radiographic signs of NEC do not readily cowvelate
with disease severity. More critical, missing in the medical toolbox is a biological marker for
early, reversible stages of disease {modified Bell stage 1). Instead, a combination of
phenotypic and sevologic information s used to guide clinical intaition.

{66480 Delining a progoostic biomsrker for NEC is sigoificant for both the scientilic
and medical communaties. It would provide tnsights into key mechgnisms, and be
indispensable for establishing and monitoring mtestinal homeostasis in premature infhnts, On
a clinical level, an early stage biomarker would mitigate surgical resection of necrotic bowel

and long-term chronic effects of this disease. We conducted a survey of 70 physicians, and

o
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we found that the ovnimom sigrificant difference in time to identify NEC earlier than x-ray,
which would allow for beneficiad pavient nansgement, was 48 houwrs. Timely management
decreases the need for surgery by half {9] medical treatment typically consists of bowel rest,
antibiotics, and supportive care {white boxes, FIG. 30, panel B). Second, prognostic
biomarkers are necessary to demarcate the period of NEC reversibility. This is not trivial, as
NEC has a compressed timeframe, with no medical equivalent in adult GI disease. Moreover,
this early window for disease management is needed for drug development and exrollment in
clhinieal trials for therapeutic agenis.

[66481] (b} Innovation

[66482] Three unigue aspects distinguish this proposal. The first innovation 1s ©
evaluate non-mammatory proteins that precede the immune activation cascade as a
biomarker for NEC. Without wishing 1o be bound by theory, intestinal alkaline phosphatase
(1AP; [10]), an mnitigl host regulator in microbial management {(FIG. 30, panel A), 153
binmarker for early NEC in prematore mdants. Developnent of gut mflammation depends on
the degree to which bacteria symbiosis is accompanied by cellular signaling via inate
immune mechanisms {11, 121 Yet, to date, NEC biomarker research {131 has focused
predominantly on gene products that regulate intestinal irnoumity, mucosal injury that
permits bacterial translocation, and host inflammation (FIG. 30, panel A). Unfortunately,
such proteins, although correlated with advanced NEC stages, are not specific biomarkers for
G disease and importantly, they are also associated with non-Gi mfections as well as sepsis.
As such, they cannot serve as proganostic biomarkers and are not prowising targets for
therapeutic intervention.

[68483] Encoded by the human 4LPF gene, 1AP bas a crucial role in host-microbiots
inferactions via restraining downstream host infammatory responses. 1 is a metatoenryme
with fissue-specific expression in the small infestine that is readily detectable in the mucous
layver and gut lumen {14, 15] Membrane-anchored in enterocytes, 1AP only sheds into the gut
lumen, and thus measurable in stool, to control bactenial colonization {158, 16} It hvdrolyses
phosphate from hipopolysaccharides (LPS} and thereby reduces Toll-like receptor 4 {TLR4;
FIG. 340, panel A} agonist activity. Notably, TLR4 has been implicated in the pathogenesis of
NEC [17-20]. As sach, 1AP has boen used s a measwre of toxie damage o the soall intesting
in gmmal models {21]. In contrast, our proposal examines AP in lnnnan biospecimens and
evaluates it over the course of the infant’s stay in the NICU.

[00484} Our second innovative direction 1s development of diagnostics specific for an

infant disease, rather than utilizing a well-established adult biomarker and testing its
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applicabiinty to children [22] While chinical stadies are conducted in all diseases, it 1s clear
that trial portfolios do not match public health or community medical practice needs in terms
of either vraency or magnitude. Cluldren and adults differ in physiological capabilities,
pharmacokinetic profile, and pharmaco-dynamic characteristics; metabolic pathways, organ
fimctions, and metabolic rates iffer widely as well {23251 In addition, age, growth, and
development are coupled to sevenity of disesse in neonates, infants and children {26, 271
Despite clear recognition that children are not “litle adults,” the necessity for pediatric-
spectfic healthcare solutions i3 frustrated by nvasive and harmful biospecimen procurement
methods and a relatively small namber of available participants for clinical studies and trials
{28]. Toward the former challenge, this research evaluates infant stool in disposed diapers,
providing nunimal tisk (o mfants and a favorable factor wn study enrollment. Toward the
latter, the PI and consortium Pl are part of the NEC Biorepository, for which § different
academic center hospitals have agreed to share samaples and chnical data from NEC mnfants
j291, If this first test collaboration Is successful, other hospital partners in the NEC
Biorepository ave potsed to accelerate larger-scale translational studies {291 of NEC in the
foture.

[66485] Third, advanced testing of clinical workflow and assay systems position usio
effectively handle increased number of infants in shorter stndy periods. Ubstacles created
from increasing scale are well understood in engineering, but still relatively new m
biomedical research. The preliminary data below confirm our ability to collaborate ina
mltisite study, This effort also provided understanding of clinical site batch effects, such as
systematic differences in practice, docamentiation, patient population, and others. We
invested substantial time and effort to make analyses of biochemical and clinical data
repeatable and reproducible, Data below had to overcome challenges in patient sample
handling, binhanking, biospecimen gquality, and data harmonization {30} As such, we have
firsthand knowledge of how to bring together data from muttiple sources, ensure uniform and
consistent processes, cleaning and applying quality control metrics to sccepted snd processed

data alike.

[80486] {c} Preliminary Data
{60487} Qur prospective study assessed the imdependent correlation of 2 stool

neonatal mtensive care units affiliated with LSU School of Medicine and Washington
Umversity Schoot of Medicine (1.1350.5 kg; 27,640 .8 weeks gestational age; please see

Inclusion Report). in sunumary, our data show that the presence of high amounts of 1AP

0
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profein in stool and Jow 1AP enzyme activity ave biomarkers for NEC. In effect, NEC mfants
ave “shooting blanks’ into the gut lamen to manage sbherrant sucrobial development. AP
hiomarkers do not correlate with sepsis or other non-Gi infections.

[B#0488] Infants suspected of NEC and infants with advanced NEC disease shed
IAP protein into gut lamen at levels that exceed the amount typically found in huwman
small intestine,

{60489} Baseline evaluation of (4P detection using immumaeblors. Tmmunoblotiing can
deternune the relative expression of a protein within complex biological samples.
Developrent of sensitive antibody labels with truly quantifiable linear vanges and greater
limits of detection with digital image analysis allow proteins to be probed with higher
resotution than previousty aclievable [31] To accownt for sample prep, detection scheme,
and normalization approach 1 our hands, a cabbration carve of homan intestinal hysate (FIG.
31, panel A), our posiitve control, showed that the hinear portion of anti-human 1AP signal
detection and our working range overlapped {321, Positive control and negative control {calf
IAP) were from single lots and served as calibrators for owr quantitation; both ave loaded on
every gel with patient samples. Equivalent total profein was loaded per lane.
[80490] High (AP protein levels are associated with NEC diagrosiz and NEC
suspicion, but not sepyiy. We established baseline 1AP levels, shed in the gut lumen and
detected in stool, i non-diseased infants {33]. Control patient stools bad very low amounts of
AP, conpared (o human small mtestine lysate and calf 1AP conirols (2% FIG. 31, panel
B}, We conclude that very hutle 1AP is shed into the gut lumen when no dysbiosis is
imminent.

{66491} High amounts of fecal 1AP protein ave found at the tme of chinical NEC
diagnosis {red bar, Bell stage H and I, FIG. 31, panel B), 1AP content in stool would
increase from released membrane vesicles loaded with AP, if there was a risk of bacteria-
indaced inflammation {15, 16]. Our data show that 1AP shed into the gut lomen and stool, at
tevels equivalent or greater than what is found in a human imtestinal lysate sample, 15 a
motecular biomarker superior to clinical diagnosts (x-ray evidence of praisnatosis
intestinalis}. As a NEC biomarker, sensitivity and specificity of fecal 1AP content is greatey
than 98% (FI1G. 31, panel C).

1664921 NEC suspicion, or early NEC, also correlated with high levels of 1AP in stool
{pink bar, Bell stage I; FIG. 31, panal B). In stool samples with a clinical concern fiw
advanced NEC, even if prermatosiy infestinaliy was not detectable by x-ray, the amount of

AP protein was statistically different from controls {pink bar, FIG. 31, panel B). However,

a1
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there was no diffevence between NEC saspicion (pink bar) and diagnosis mean values {red
bar, FIG. 31, panel B} Fecal 1AP levels had no measarable correlation with sepsis (blae bar,
FIG. 31, panels B and D). Severely preterm infants (<32 weeks) have not only impropery
formed intestines, bat also an immatare immune system. Their increased risk of sepais {34,
35} can confound diagnosis of NEC, as it a common co-morbidity with limited diagnostic
tools, Our prehiminary diata show that 1AP protein levels are not statistically correlated with
clinical diagnosis of sepsis.

{66493} Infants with advanced NEC disease have extremely low enzyme gotivity,
whereas infants suspected of NEC have intermediate IAP catalytic activity.

{66494} Evaluation of (AP enzyme activity in non-NEC infants. Normalized to protein
concenirations, we discovered that 1AP activily in premature infant stool 1s reduced,
compared to near full~term infants (36-40 wks postconceptual age or PCA). There 1s a strong
positive correlation between 1AP activity and post-conceptual age (FIG. 31, panel E). When
comparing IAP activities spanning 28-40 wks PCA| 3 one-way ANOVA and Tukey's
mmdtiple comparison test was performed and showed that the samples were statistically
separated into two groups: the preterm groap (PCA <35 wks) and the foll-term group (PCA
=36 wks), Comparison of all stool samples from full-term infants (n=28) with all samples
from premature infants {(n=79) revealed the latter group to have significantly lower 1AP
activities {p<0.0001; one-tatled t-test). This is consistent with a switch between the fetal and
“adult” 1AP soforms at this developmental time point: g dynamic transition of IAP isoryme
forms is associated with the maturation of fetal intestine {361, Fetal isoform of 1AP has a low
biochemical activity, whereas adult 1AP has robust catalytic rates. Thus, 1AP activity is a
biomarker that is directly related to posteonceptual age. Such normative data across different
gestational ages 1s needed for appropriate design and analysis of biomarker studies.

j6495] Low (AP getivity alse iy associgied with NEC dicgnosis apd NEC suspicion,
But not sepyis. We discovered that 1AP activity of infant stool collected on the same day of
chnical NEC diagnosis was much lower than age-matched controls {red bar, FIG. 31, panel
F), indicating that extramely low activity of 1AP correlates with NEC. There 15 evidence that
the reduced capacity of preterm infant intestine to dephosphorylate proinflammatory LPS
may mncrease the risk of excessive inflammatory responses to bacterial colonization and NEC
development {371, Consistent with the wdea that hiochemical measures of 1AP are NEC
biomarkers, AP gctivity of suspected NEC sioo! samples (pink bar, FIG. 31, panel F) also

exhibited low rates, potentially heralding NEC due to the inability to manage bactenial
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eolonization. Lastly, measare of 1AP activity had no correlation with sepsis (FIG. 31, panel F
and H).

[684905] {d} Approach

jB0497] SPECIFIC AIM 1: Are iAP polymorphisms predictive of NEC
predisposition? Without wishing to be bound by theory, infants diagnosed with NEC will
have single nucleotide polymorphisms (SNPs) in the gene for intestinal alkaline phosphatase,
ALFE, which lower their catalyiic ability to detoxify Hpopolysaccharide-dependsa signaling
of harmful Gram-negative bacteria. Our prelinnnary data indicates that the enzymatic ability
of & single gene product, 1AP, 15 correlated with NEC disease development. In patients with
extreme forms of NEC (Bell stage I and HI), the enzymatic activity is nearly non-existent
and therefore, these infants are not able to moderate TLR4-dependent 1L-8 transcription (FIG.
3, panet A In early stage NEC (Bell stage 1), enzymatic activity of 1AP 15 lower than non-
NEC samples, but higher than those m Bell stage I and IH infants (FIG. 31, panel F}.
{00498} Rationale. Gepetic variations in TLR signaling have been studied, since this
receptor has been shown to play an important role in disease. Natwwally occumring single base
pair changes in the genome that can alier protem fimetion and disease processes, SNPs in
TLRZ, TLRY, TLRS, IRAK! and TIRAP genes did not appear to be gssociated with NEC
{38-43]. Understanding mechamism and causality are indispensable in identifying the earliest
possible therapeutic option and to improving long-term outcome and life quality. This effort
would lav the groundwork for ALPI screening for monogenic diseases and ALPI-based
treatment for NEC, Such ALP{ polvmorphisms found in NEC patients would be the basis for
Neanatal DI, a screening tool for infants at birth,

{60499} Ntudy enrolimend. In this prospective study, preterm infants (non-NEC and
NEQ) in the neonatal intensive care units {NICUH of LSU School of Medicine and
Washington University School of Medicing will be enrolled; single IRB and IBC approvals,
in which parental consent for brospecimen collection and genetic testing 1s requested, are
already in hand. Recruitment and enroliment of low birth weight (LBW) preterm mfants
{2,500 g arthweight and/or <34 wks gestational age) are processes resiricted by the number
of wmfants born in our hospitals. We will enroll at least 120 (LBW) infants in yvear one, or at
loast 3 infants per month per site {(pleave see Human Sibjects lncluvion Reports § apd 7). We
anticipgte 25-30 will develop NEC Bell stage W snd g nearly equivalent nomber will have
NEC Bell stage L

{a0300] Clinicad fnformation. Ths study 1s observational, nesther ipvention vor

deviation from standard clinical care in the NICU will be requested. The followiag clinieal
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data will be obtained: demographies, medical history, antibiotics/antifinigals/medications,
physical examinations, complete blood counts, blood cultures, abdominal radiographs,
surpical consultation notes, and feeding lustory. The study will be conducted in compliance
with institutional, tocal, state, and federal regulations regarding use of PHI as defined by the
Health Insurance Portability and Accountability Act.

0301} Specimen collection. DNA sanples are collected non-invasively from cheek
swabs or from residual blood draws.

[86562] Methods. Genomic DNA will be isolated from {1) saliva swabs frony infant
cheek using or (0t} either peripheral blood cells or whele blood with QlAmmp DNA Blood
Mini Kit, For genetic sequencing, ALPI vartants will be identified by Sanger sequencing of
PCR products amphified from genomic DNA. We regularly sequence mutations in human
proteins {e.g., [4601} with Eurofins. PCR will be performed with AmpliTag polymerase, using
a GeneAnmp POR system. Primer pairs used for DNA amplification are; &
GOACCTTCAGTGUTTCCAGG-Y ¢ and S CCAAGGACCTGOTTCTGOTC-3 4. A list
of variants wdentified by sequencing will be subject of filtering procedures, such as exchuding
common varants in the human population, low quabity variants and synonymouns changes.
Sequence data can be compared with various public databases (single nucleotide
polymorphism database (dbSNP [471); the 10 Genomes Project {48} and the Exome
Variant Server {49, 50}, Comparisons will seek the rare vanants occurring at a frequency of
<1% in controls. Inttially, both inherited variants and de nove variants in NEC patients will
be catalogued as Neowaiad DDx,

{66503} Alkaline phosphatase ensyme aclivity iy measwrad with use of 4~
methvlumbethiferyl phosphate (MLIP} a5 a fluorescent substrate 1n the presence and absence
of 10 mM L-phenylalanine, an inhibitor of 1AP {31, 52]. Relative fluorescence units at
3607440 mm will be measured in samples using 96-well black optical bottom plates. Total AP
activity was deternuned in mUfmg, b which U s the amount of enzyme hydrolysing 1 pmol
of MUPF/nunute at pH 10 and 25°C. Determination of total protein in the stool supernatant is
deternuned using Bradiord assays. Protein standards (bovine serum albnumin) and patient
sanpies will be prepared, using molecular grade water as the dituent. Standards ave run each
day of data collection and must have a 12 value greater than (.99 for acceptance.

06504} Resudrs. Without wishing o be bound by theory, mfants who develop NEC
will have at least one allele with non-conservaive polymorphisms that gives rise to a loss-of-
function phenotype. Lack of stool tAP activity (<240 U/mg) will confirm that the ALPY

mutation gives rise to a loss-ol-function phenotype. DNA sequence will identify SNP in
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infant 447 gengg s relative amino acid position can be identified vsing homuology models of
AP crystal stractures [83-331 A disease gene responsible for as low as 39 of the population
can be wdentified by sequencing just 200 unrelated patients [36]. Without wishing to be bound
by theory, nustations will occcwr at the active site and/or dimerization interface of AP {54,
571,

{06305} Statistical steategies for wentification of disesse-causing polymorphisios are
based on nature of the disease mutation {38]. For example, statistical analyses will be
conducted using a doninant model, comparing wildivpe homozygous to both heleroryvgous
and homozygous rare allele groups combined. This assames that carrying at least one copy of
the variant allele confers increased risk of disease. Primary outcome measwres include
presence of NEC, severity of disease (Bell stage /I versus Bell stage 1) and NEC-related
bowel perforation.

[BOS06] Hardy-Weinberg equilibrium will be determined using a chi-square test to
compare the observed genotype frequencies o those expected under Hardy-Weinberg
equilibriom. Ordinal logistic regression will be used to compare severity of disease.
Significance level will be set at p=<0.05.

{66507} Alternative approaches. Statisticg! evaluation of the sequence dals niay
require usmg a recessive model {36,551, I polymorplisms associated with NEC
predisposition are pncovered, future studies will involve linkage mapping and candidate gene
analysis {60]. For autosomal dominant disorders, associations with defined disease mterval
were identified with linkage analvses of a large pedigree {e.g.. |61, 621). De nove dominant
mugations can be identified by analysis of parent-chuld trios {e.g., {631} or intersection of
heterprygous vartanis across unrelated probands with the same de nove avtosomal dominant
disorder {e.¢..[64]).

j00508] Although modest sample sizes for less commion diseases i preterm mfaws
may Limit power to detect associations, such studies are oritical a8 a preliminary step o
provide g targeted treatment for children, discover fimportant nsights into factors related to
disease risk, and identify networks wnvolved m disease pathogenesis.

[80569] SPECIFIC AIM 2: Does intestinal alkaline phosphatase protein levels in
stool serve as a prognostic hiomarker for NECT The neonatology field is hampered by the
inability 1o detect NEC sarly in the disease process. Without wishing to be bound by theory,
nucrobe-induced inflammation m NEC results in increasing 1AP protein levels in the gut
lumen and stool. If asymptomatic or only exiubiting nonspecific symptoms, infants with early

NEC will have detectable amounts of AP 36-48 lws. prior to NEC diagnosis, Qur data
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indicate that prognostication for NEC is feasible. Although our chinical focus was siool
collection at time of disease iggnaxriy, § of 25 NEC Bell stage T pavents and 9 of the 19
NEC Bell stage | mfants had stool samples serendipitously collected prior to disease onset; 19
of 62 non-NEC patients had a median 4 samples collected before 31 weeks. We will collect
stool samples m a longiudingl series from each infant, measure twice weekly samples for
AP content, and model the prognostic capability of a continoous biomarker, NECPredict.
{66510} Statisticad considerations. Study enroliment and clintcal iformation protocols
detatled in aim | will be followed for ihis aim. We will nesd 150 subjects to achieve 90%
power for aim 2. This is based on simulation results, as existing sample size calewdations for
prognostic biomarkers [65-67] are only appropriate Tor differences between two groups [68]
We perform a simulation study with four different combinations of (o, 2%) and examine
our probability of detecting a siguilicant difference from 0 for these coefficients. For =50,
160, 150, or 200, we achigve powser valusgs greater than 0.8, 0§, 0.9, and (.95, This powser
analysis suggests that a sample size of n> 1) is needed and that n=150 can provide a
significant benefit compared to n=100.

60811} Specimen collection & preparation. Continuous survetllance with a novel
protein biomarker requires collection of sivol from time of study participation o discharge.
There are no identifiable risks to the patient, 85 noninvasive sample collection from disposed
diapers is painless and causes no hanm to fragile patients. Stool specimens will be collected
every 3-4 davs {691 until infant reaches 37 wks post-conceptual age or is discharged.
Estimates of average length of hospital stay is 49 days for mfants [70] {0 54 days (ses
preliminary data), ~15 samples will be collected from diapers per infant. A stool sample i3
termed ‘NEC™ if collected during the peniod from the first day of a radiological finding for
NEC {Bell stage I or i) to last day of NEC management {antibiotic administration and no
feeding by mouth). Collected sample is termed ‘suspicion” from first day of 2+ climeal migns
to the last day of medical management. A sample 15 “comtrol” il obtained on a day in which no
NEC diagnosis was made.

{68512} Stool is stored in a 4°C specimen NICU reftigerator, wonlil samples are
delivered o the lab. Upon receipt of each de-identified patient sample, stool is homogenized
and a 2060 my/mL shary is made with molecular grade water in g sterile microfage tube.
Following vortexing and centrifugation, the sepernatant is collected, aliquoted, and banked at
-80°C {71} Safe handling (gloves, lab coats, goggles), use of absorbent bench paper,
decontamination with EPA-registered hospital disinfectant, and proper disposal of hiohazards

are followed.

)
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{80513 Deternination of relative AP protein content, Duplicate denaturing SDS-

PAGE gels will be run on stool superatants to visualize all proteins in each lane and for
immunoblotting detection of AP, iBlot and iBind will be nsed for protein wranster and
Western blot, respectively. Bands are guantified with Amersham Imager 600; relative 1AP
protein in stool sample is the fraction of protein found in homan intestinal lysate tissue.
06514} Arguably, the biggest source of confusion in quantitative irnmuncblotiing is
the role of protein loading and loading controls {721 Tmnmnoblot samples are often prepaved

7

3-73], assuming that the average protein conlent per cell is

.
7
v

according to total protein |
constant across different conditions. However, in our analyses, stool samples are not
fractionated to lyse cells: only the put hunen content is being evaluated. Therefore, total
vellular protemn cannot be determined, and the input must be normalized to some estimate of
protein Joading. We use two loading controls as well as total protein [76-811

{08515} in FIG. 31, panel A, control experiments assessed the immunoblot workflow
for accuracy and precision. Such experiments nunimize over- or under-estimates of true
differences in protemn abundance. A senial difetton of a positive control {small infestinal tissue
lysate) and negative control {punified bovine 1AP) show owr dynamic range and quantitative
accuracy, The 60 kDa 1AP signal from patient samples is deternuned; this valae is ratioed o
the difference between the positive control and negative control measurements.

[pos16} Resutty. Without wishing to be bound by theory, we will detect 1AP levels of
0,140, 10 {mean=SE) compared to human small testinal ivsate from samples collected up
to 7 days prior to NEC, Owr preliminary data provide thresholds for anticipated immunoblot
values, In stool samples at NEC diagnosis, 1AP content was 1.5940.48 more than human
smadl ntestinal lysate. Stool from non-NEC patients bad an AP content of 0.0240.01. Ag
these protocols are established and have been performed by 3 different operators
successiully, we do not foresee technical problems.

{0017} With NECPredicr, we will model the probability that a patient has signs or has
been diagnosed with NEC as g function of the (AP content in the stool samples collected 3-3
days and prior 6-8 days prior. In this testing of the prognostic capability of a continuous
biomarker, differences in mean values between NEC and control samples for relative 1AP
protein content will be tested by modeling the link between the probability of NEC disgnosis
at any given day and AP content in the digper 3-8 days prior along with the diaper before
that {6-8 days prior}.

[BOS18] Specifically, NECPredict will use a geveralized lnear mixed effects model

{821 with NEC ditagnosis as the response, (AP content of the last two collected smmples as the

]
]
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predictors {fixed effect), and patisad evel ervor {enms. We model whether a patient has signs
of or has g diagnosis of NEC as: lagit{ PINEC =1 an Do+ aeleai + f + &, where NECq
= {} if patient { i1s NEC negative at diaper collection time ¢ and 1 if the patient has NEC
diagnosis or NEC signsidiagnosis {separate analyses). Drgiand Dray are the 1AP contents of
the last two collected diapers. & is a subject specific error term, that ncorporates the
dependence on time and individual for NEC diagnosis and diaper content. We use the ned
package in R [83] to analyze this model. Significant postive estimated values of oy indicate
that high 1AP content from the last collected diaper (about 3 days before) predicted future
NEC diagnosis and a2 > 0 indicates that high 1AP from the week prior predicts future NEC
diagnosis. This mormation indicates 1AP can be established as a progrostic biomarker for
NEC.

{66519} in conclusion, in vigro results and climca! data will wdentify associations with
these markers and NEC risk. Without wishing 1o be bound by theory, 4P/ polymorphisms
give rise to low 1AP activity and Neonata! DDy can be used as a biomarker {0 identify infanis
at grestest risk for NEC. Second, the presence of AP protein with NECFredics will have the
strongest prognostic value and will identify NEC development prior (o svmptoms. These
studies will be the first biochemical and physiological markers that tinks two NEC triggers:
alterations in the microbiome with gut development, Another fmportant outcome is that
indiscriminate withholding of feeds and broad-spectrunt prophviactic antibiotics can be
mimumized, Thus, these studies provide the first lab fest that personalizes treatment in the
NICUL Future divections may include 1AP supplementation as a preventative sirategy for
NEC, as eneyme replacement therapy is an low-cost, low-nisk approach for rare diseases that
is often successful |84 Lasily, these personalized biomarker approaches are not linuted to
children; 1AP as a biomarker for infant got inflanunation has parallels to adult diseases, such
as IBD.
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{80521} Statistical Design and Power for Prognostic NEC Clinical Stady
[685221 Statistical analyses will be conducted using R (R Core Team, 2018, R 4

lemguage and enviromment for stadstical computing. R Foundation for Statistical Computing,

<

Vienna, Austria), Tests of significance will be two-tatled tesis conducted at the 5%

significance level. Statistical assumptions will be tested and suitable modifications will be
made to the model if necessary. Missing data will be handled with imputation and sensitivity
analysis. If the proposed statistical analysis techniques are found to be untenable, we will use
aliernative techniques, possibly falling back on strategies that are guaranteed {o provide
appropriate estimates along with non-parametric measures of varigbility,

[66523] Study Design for Aim 2: The study will be a prospective observational study

with pre-term infants enrolled as they arrive. Stool samples from disposed diapers will be

'I

collected every 3-4 days untit the infant reaches 37 weeks post-conceptual age or is
discharged. Stool samples for patients with clinically evident NEC will be analyzed along
with a random subset of stool samples from control patients.

{80524} Sample Size: For aim 2, we will need 150 subjects to achieve 90% power.
This s based on simulation results, 85 existing sample stze caleulations are only appropriate
for differences between two groups {11 In contrast, our model requires testing the prognostic
capability of a continuous biomarker.

{00325} We will model the probability that & patent has 5108 or has been diagnosed

with NEC as g function of the 1AP content in the stool sanple collected 3-5 days prior as well
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a5 the 1AP content in the stool sample eolected 6-8 days prior. We allow for each patient to
have an mdividual level of susceptibility to NEC, captured in the patient’s random effect
ternt. The patient’s randoin effect is combined with the 1AP content effect and transformed by
a fumction, the verse of the logit fumction, which constraims values betwesn xero and one,
allowing us to estimate probabilities.
{06526} i symbohe terims, we model the probability thet a patient bas signs of or has
begn diagnosed with NEC ax;

fogit{PINEC =1 imaibrut b+ F+ &
where NECe: = (1 patient { s NEC negative at diaper collection tine ¢ and 1 if the patient
has signs of NEC (Bell stage 1) or NEC diagnosis (Bell stage IVIH), Deyiand Do are the 1AP
contents of the last two collecied diapers. & is a subject specific error {erm that incorporates
the correlation within individuals for NEC diggnosis probability. We model the above with a
generalized hinear mixed model using the R program hmed. To determine how many patients
we should envoll, we perform a simulation study 1o determine how well we can detect
significant differences in a4 and af (the effect sizes of the last two diapers iAP content on
foture NEC occarrence probability} from €, which would show a prognostic effect o[ 1AP
content for predicting NEC diagnosis or signs of NEC, based on the last two diapers
vollected. This information could help clinicians predict whether or not @ patient is at high
risk for NEC.
[68527] We perform a simulation study with four different combinations of {(ad,a8}
and examine owr probability of detecting a significant difference from O for these coefficients.
These scenarios are shown in FIG. 32, along with the implhied probabibity of NEC
diagnosis/suspicion for patients with the mean 1AP content for the NEC and non-NEC patient
groups, which are 1.59 and .02, respectively.
{80328} These four scenarios represent different effects of 1AP diaper content on the
probability of NEC diagnosis. In hoth scenarios 1 and 2, only the Iast diaper predicts
whether or not a patient will have NEC at the next diaper time since @2 = {}. Scenario |
has more separation between the NEC probahility for the high 1AP group and low 1AP group
than in scenanio 2. Likewise, scenarios 3 and 4 have differing probability differences for the
two groups. For scenarios 3 and 4, o= 1| indicating that the iAP content found in the
diaper collected two time points prior (six {o eight days} is prognostic for NEC status,
These values were chosen in parl because they resulted in 9-12% of patients m each scenario

having NEC disgnosis, which coincided with previously seen incidences of NEC diagnoses.
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We shmulate 1,000 replications of each of the four scenanoes for a sample size of n = 30, 100,
1540, or 2Ky with simplified assumptions.

[p0s29] For each patrent, we assume I months of follow-up with bi-weekly diaper
collection, totaling about 16 diaper collections for each patient, We will evaluate NEC status
at diaper collection days 3-16 {0 see how the 1AP content of the last two diaper cyvoles predict
NEC diagoosis. To conduct the sinndation, we first draw a NEC+ indicator from @ Bemoull
distribution with probability .09, which is the empincal probability of having NEC for all
previously assayed diapers. For each NEC patient, we generate their 16 1AP diaper content
values Dag,. . Diss from g multivariate lognovmal distribution with mean vector -390,
standard deviation 1.69, and positive correlation between each observed 1AP value. To
generate 3 mulitvariate lognormal sample, we generate a multivariate normatl distringtion
with the above mean vector and implied covariance matrix and then exponentiate these
values. For individuals that were not considered as NEC positive, we generated theilr AP
values Dig,.. ., Dies from a multivariate lognormal distnbution with mean vector ~.68,
standard deviation 1.57, and positive correlation between sach observed AP value. These
means and standard deviations were chosen because they were the estimated maximum
likeliiood estinates for a lognormal distnibution using the 1AP values from NEC+ and NEC-
patients, respectively.

j0B530] Then we generate the probability of NEC for patient fat thme €= 3,16 ay

a1t @ias + £ and the NEC status is drawn from g Bernoulll random vaniable with this
prabability. FIG. 33 shows the probability of correctly declaring ar > O across the simulations
for each sample size, the probability of correctly declaring oz > 0 and the probahility of
corvectly declaring both a > (4 and ap > (4, For scenarios 1 and 2, this triple is Hsted as
{P1,~,—) and for scenarios 2 and 3, this triple is listed as (P, Py, Pa).

[Bas31} Based on the simulations above, we see that for = 54, none of the 4
scenarios have power above .80, For n= 100, we achieved above a power of 80 for each
scenario, but only detected significant differences for both ay and oz with probability 819 in
scenanio 3. With n = {50, we had power above 9 {or each of the four scenarios and forn =
200 we had power above 93 for each of the four scenarios. This power analysis indicates that
a sample size of n = 10 15 needed and that » = 130 can provide a significant benefit
compared {o n = {00,

00832} REFERENCES CITED IN THIS EXAMPLE
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[86533 1. Bang, Q.. 5. Marumdar, and PR, Houck, Saomple size and power
caleularions based on generalized iinear mivedmaodels with corveloated binary outcomes.

Comput Methods Programs Biomed, 2008, 9¥(2hp. 122-7.

EXAMPLE 12
{06334} There are four different alkaline phosphatases in humans that are tissue-
specific: imtestinal alkaline phosphatase, placental-like alkaline phosphatase, tissug
nonspecific alkaline phosphatase, and germ-cell alkaline phosphatase. At the amino acid
level, tissue-specific alkaline phosphatase Isozymes ave B6-98% identical to one another, but
32-56% identical when compared to tissue non-specific alkaling phosphatase. Furthermore,
the 1AP gene, ALPL has 403 missense polvmorphisms that span the entire sequence. more
than 30% of the anuno acids in IAP have at least one known mutation.
[80335} Our mnovation 1s use of two biochemical measures of intestinal alkaline
phosphatase {{AP), shed in stool, as a molecular biomarker for NEC in premsture infants. The
appeal of 1AP as a biomarker Res in s tissue-specific expression in the small intestine and 83
secretion mto the got hamen AP would only be measurable m stool as a response to
controlling bacterial colonization, Also, it s detectable in human stool ssroples in healthy
individuals; responsible for majority of AP enzymatic activity i stool; and used as a measure
of toxic damage 1o the small miestine in animal medels.
{66336} {A})  Immunoassay-based detection of high iAP levels 15 a biomarker for
necrotizing enterocolitis, but not sepsis. Our prospective stady evaluated # in human preterm
infants. We assessed the independent correlation of 2 stool hiomarkers, which comprise
NECDetect, in 136 premature infants {median gestational ape=28.3 weeks; 50% female; 64%
African-American, 32% Caucasian; 4% Hispamie]. High amounts of fecal 1AP protein is
associated with clinical NEC dingnosis; these levels were equal to or greater than what is
found in a human small intestine enterocyte. JAP content in stool is expected to Increase
from released membrane vesicles loaded with 1AP, if there was risk of bacteria-induced
mflapumation. In contrast, non-diseased patients had very low amounts of 1AP protein in
stool. Thus, little 1AP is shed into the gut hanen, when no dysbiosis is immunent. Sensitivity
and specificity of fecal 1AP content 18 »98%,. Unlike other candidate NEC biomarkers, fecal
1AP levels had no measurable comrelation with other non-GI infections or sepsis, a frequent
co-morbidity that can confound diagnosis of NEC.
[Ba537} {B)  1AP is the only human alkaline phosphatase recoverable from stool

proteomics and has several candidate pepiides that may be used for absolute quantitative
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deternupation of 1AP abundance by muss speetrometry. The combination of hgaid
chromatography and tanden mass spectrometry (LC-MS/MS) provides a flexible, dynamic
platform for the siimullaneous identification and quantification of up to thousands of proteins
i fecal samples. Our mitial shotgun proteomic analysis of a preterm infant stool sample
showed that 635 hwman proteins were detected in the contents of the gut hamen, or the
secreted host proteome. This 1s consistent with the (1) 612 proteins identified in gnobiotic
mice and (i1} 234 human proteins in adult stool. 142 We confirmed that there were 21 unique
tryptic 1AP pephides (a subsetare shown in FIG. 34) and these peptides covered 50% of the
iAP sequence. Our data ave consistent with prior Human Proteome Map studies, but exceeds
their reported protein coverage of 32%. Importantly, no other human alkabine phosphatase
was recovered from infant siool.

[BO538) {C) High polymorphism frequency of the 1AP gene in the Altvican Awerican
popuiation, which may be correlated higher disease incidence, may result in spurious results
for both affimty-hased and MSbased protein measurements. Sequence information from
gnretated mdividuals in order to ascertain the frequency distribution of 1AP polymorphisms.
Only in the African-American population {n=12 487) were there AP polymorphisms, or
alleles that were greater than 19% of the population {(FIG. 34, panel B}, Estumated frequencies
for cornmon alleles V201, R331, RU2C, RI44H, and T207 were 4.8, 2.6, 1.9, 4.2, and 3.1%,
respectively. Polvmorphisms i the total population (blue circles, FIG. 34, panel C) give nise
to changes m peptide mass by a change n sidecham molecular weight. Two polymorphisms,
common in the African-American population {purple circles, FIG. 34, panel (), result in loss
of trypsin cleavage ses, which i turn produces a hundredfold change in peptide mass.
Peptide mass changes, brespective of magnitade, preclude MS identification and quantitation
of the protein with accuracy, These data raise concerns not only about the validiy of
correlating SNPs with affinity-based protein measurement, but also for MS techniques that

could give spurious results where minor allele frequencies approach 5%.

EXAMPLE 13

{66539 Necrotizing enterocolitis (NFC) is-a common neonatal gastrointestinal {GD
tract emergency with g high mortality ratel and long-term worbidities, ncluding short-pat
syndrome, muntional deficiency, and newradevelopmental delay.2.3 Suspected NEC presents
with mild, nonspecific symptons that freguently resolve with minimal intervention; no

chinical test is an established critevion standard for suspected NEC. Radiograpbic evidence,
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such as pueamatosis iniestinalis, s used to disgnose severe or advanced disease but has a
sensitivity as low as 44%.4 has Tmited specificity. S and lacks concordance in
interprefation 6-8

jBas40] There have been many efforts to discover a molecular diagnostic biomarker
for NEC {(FIG. 354). Despite the publication of more than 2500 prior biomarker studies,
meta-analyses have fatled to 1dentify an optimal NEC biomarker for routine clinical use 9-11
The design and power of these studies raise concers fewer than 30 articles in each decade of
analysis were deemed appropriate for meta-analysis. The focus on inflanunation and repair
proteins i these studies is problematic (FIG. 35B). Late-stage disease with systemic
inflammatory damage is not ideal for biomarker evalustion because no period of disease
reversibility can be defined. 12 Furthermore, proteins involved in inflammation have himited
positive predictive value because sepsis is a comorbidity in 35%t0 60% of NEC cases. 1317
08341} Necrotizing enterocolitis bas beent argued to be the antecedent of soise cases
of late-onset neonatal sepsis (LOS}Y Neonates, particularly very low-birth-weight infants, are
susceptible to sepsis owing to profonged hospitalizations, invasive instramentation,
underdeveloped innate impnnity, and aliered immumological responses. The latter 2
physiological states, coupled with an inunature intestinal bamier function, can give rise {o
NEC.18,19 From both epidernological and clinical standpoints, sepsis can confound the use
of mflammation proteins as a biomarker for NEC. Sepwis and NEC requure caveful differential
diagnosis, as both may be lethal if not diagnosed and treated appropriately.

{68542} This study evaluated the use of intestinal alkaline phosphatase (IAP) as a
diagnostic biomarker for NEC. Recent findings indicate that NEC is preceded and
accompanied by changes in gut microbiota (FIG. 35C) and that i 1s associated with host
imnwune pathways responsible for intestinal inflammation. 19,20 Itestinal glkabine
phosphatase detoxifies the surface lipopolysaccharide (LPS) of harmful bacteria by cleaving
norganic phosphate. A component of gram-negative bacterial coll walls, LPS 15 a potent
inducer of innate immune signaling through toll-like receptor 4. Robust AP function
neutralizes the LPS signal, prevents wappropriate promnflanunatory signal cascades in the gut,
and contributes to beneficial microbiota maturation.

{66543} Because IAP activity precedes the imitiation of signaling casendes that trigger
inflammation, we evaluated the abundance and ensyme sciivity of TAP shed o stool as
megsures of the pathobiological need and ability o mamtam host-microbiota homeostasis,
respectively. A multicenter, prospective diagnostic study was conducted to assess the

association of 2 IAP biochemical measures with disease severity. As a comnmon core protein
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i the hwman stool proteome 21 TAP is ideal for noninvasive testing. Confent of TAP o stool
in expected to morease from relessed membrane vesicles loaded with 1AP if there were risk of

hacteriglinduced inflanunation 22,23

jORS44] Methods
[BOS458] Study Design. During 8 3~year period {May 2015 to November 2018),

preternt infants born vounger than 37 weeks gestational age with a birth weight less than
1360 grams were enrolled at Children’s Hospital of New QOrleans (n = 29; New Orleans,
Louisiana) and Touro Infirmary Hospital (n = 68; New Qrleans, Louistana}. Preterm infants
bom younger than 37 weeks gestationa age were enrolled at St Louis Children™s Hospital (n
= 39; St Lows, Missouri). Writien informed consent of study participants was obtained from
a parent or guardian. AH infants were sought for study inclusion, thereby forming a
consecutive sampling series.

{08346} Deidentilied Clinical Data. Chinteal data, which ncluded gestational age,

birthweight, Apgar scores, delivery type, race/ethnicity, sex, and disposition (ie, death,
discharge, or transfer to another facility), were extracted from medical records every 3
months. Of these, only race/ethnicity was defined by a parent. In-hospital data included
feeding, antibiotic treatment, laboratory snd radiclogy results, and surgical notes. Clinicgl
findings of NEC (modified Bell siage 1-3), sepsis, and other confirmed non-GI tract
infections were reviewed by altending physicians.

{80347} To protect confidentiality and anonymity, each enrolled patient was provided a
code, which allowed for research tracking and removed any clues to the individaal’s identity,
Every three months, patient records were evaluated to deternune clinical correlatives. Clinieal
data were extracted from medical records into a relational chinical database. Demographic
mformation and imtial chaical data included gestational age, birth weight, Apgar scores,
deltvery type, race, gender, and final outcome {death, discharge, or transfer). Lastly, a second
set of climeal information was obtained: antibiotic use, diet, sevum AP, radiology reports,
tength of stay i NICU, surgery, and mortality, Human nulk exposure is calculated as the
mean percent of feeding from human milk as a function of the total days that the subjects
were i the studyv. For NEC cases, only pre-event exposures were constdered for human milk.

Antibiotic exposures were considered in sggregate; antibiotics were always parentally

administered to subjects. Percent of days of age on antibiotics is relfated to the number of days
that the subjects were in the study. For NEC cases, only pre-event exposures were constdered

for antibiotics.
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{80548} Digeare Deflmitions. Different definitions of NEC have been suggested 26-29

For this study, 2 categories of NEC, devived from clinieal documentation, were used (eTable
13, Radiological signs were defining criteria for our NEC categories; abdominal signs and
clinical and laboratory findings were secondary criferia. Suspected NEC was defined as
concern for disease based on abnormal chinical and laboratory findings without evidence of
phenmatosis imtestinalis or portal venous gas on abdonung! radiographic fmages. Severe NEC
was defined by radiologic evidence of pneumatosis intestinalis andfor portal venous gas.
Patients diagnosed with spontansous intestinal perforation (SIP) were excluded from the
stady {eTable 2). Diagnosis of neonatal LOS required the appearvance of abnormal clinjcal
findings at least 72 hours after birth and blood cultures positive for bacteria not considered a
contaminant3 31 {eTable 3). Infanis with other confinmed non-Gl tract infections had
chinical findings with bacterial, vival, or fungal infections identified in body fluids other than
bload. The summary of cohorts and diagnoses of NEC, S1IP, sepsis, and non-Gl tract
mnfections are provided in eTable 4 to eTable 11,

{80549} Climcal findimgs of NEC diagnosis, NEC suspicion, sepsis, and other
confirmed non-Gl infections were ydentified from review of chnical docwmentation. The
research definition of NEC did not always align with the chinical diagnosis of the patient. For
this study, NEC and suspected NEC were physician-directed clinical diagnoses i which
radiologic signs were the defining criteria and sbdominal signs, chnical findings, and lab
findings further confirmed diagnosis (eTable ). NEC suspicion (eTable 1} was defined as an
mnfant with concern for sarly disease based on clinical and laboratory abnormatities without
evidence of paeronaiosts dutestinadis on radiography. Instead, infants suspected of NEC
exhibited one or more radiologic signs including mild ttestingl didation, mild intestinal Heas,
thickened bowel walls, or paucity/absence of bowel gas. One or more of the clinical or
abdominal signs and sympioms i addition to one or more laboratory finding(s) mcluding
decreased platelets, decreased or increased white blood cells, decrensed absolute neutrophil
count, increase in number of immature noutrophils, heme-positive stool, metabolic acidosis)
were also required. Clinical and abdominal signs and symptoms included bilicus aspirates,
emesis, bloody stool, feeding intolerance, mereased pre-feed gastric residual vohuome,
mcreased apneas sndfor bradyeardias, temperatore instability, lethargy, geseralived chinically
ill appearing, mild to moderate abdominal distention and, abdommal wall discoloration,
[055061 Severe NEC (eTable 1) was defined by radiological evidence of preumatosis
intestinalis andfor porial venous gas or pathological findings on surgical or postmortem

intestinal samples. Pneumoperitoneum, which is free imtrabdominal air resulting from a
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perforation, was considersd NEC when accompanied by evidence of pueamatosis intestinalis
on radiography, as well as abdominal signs found i definite NEC. Additionad signs included
moderate o severe abdominal distention and/or abdominal tenderness and/or
hypoactivity/absence of bowel sounds and/or abdominal wall discoloration, abdominal
cellnhius, fixed right lower quadrant abdonunal mass, and or signs of perttomitis. NEC
diagnosis was categorized by at feast one sentor chinician gnd two additional senior research
clinicians by case review, note review, x-ray and operative findings.

[60551} Although clinteal presentation and medical management 13 yinular to that of
NEC, patients with spontaneous intestinal perforation (SIP), which 15 thought to be a
different disease altogether (eTable 2), were excluded from the study. Key differences
distingrashing SIP from NEC mclude absence of pnsumatosis intestinadis on abdomanal
radiography, an eather onset of symptoms, focal hemorrhagic intestinal necrosis {rather than
coagulative necrosis charactertstic of NEC) on pathologic spectmen, and an overall, more
benign clinical course, both preceding and following diagnosis. Overlapping medical
management of both SIP and NEC processes inchude cessation of enteral feeds, gastric
decompression, intravenous antibjotics, and peritoneal drainage if indicated S8.89

{60552} Diagnosis of neonatal sepsis is variable and complicated by the usage of
biomarkers with overall low sensitivity, such as alterations in white blood cell count indices,
tow absolute newtrophil counts, high immature-to-total (1:T) neutrophil ratio, and elevated
seram C-reactive protein levels S10 Positive blood cultures at 3 or more days of age for late-
onset septicemia is considered the gold standard for diagnosis of neonatal sepsis. However,
cultures are frequently negative, likely related to fow inoculated blood volume that may not
fully represent a true bacterenya and exposure to prenatal antibiotics that may suppress
bacterial growth S11-813

|0853] In this study, infants diagnosed with sepsis include only these with laboratory

and chinical findings that are confirmed afier seventy-two hours of age (eTable 3). Laboratory

of bacteria in blood that was not considered a contaminant. S14. 815 Clinkcal findings that
were used {0 support the diagnosis of sepsis included a range of criteria from temperature
mistability and respivatory distress to aboormal perfusion, bleeding ssues, and vnexplaimed
jaundice.

00554} In addition, infants with ether confirmed non-Gl infections and mianis who
were mfection-negative were classified and documented in this study {eTable 3}, Other

confirmed infections were those confirmed bactertal, viral or fungal mnfections identified in

110



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

norpally sterile body fhads. Clinteal findings were similar to those diagnosed with sepsis. An
infectionnegative classification was comprised of infants with suspected, but not confirmed,
infections and mfants not suspected of any mfections for which no Iaboratory tests were
ordered concerning an infection and were asymptomatic. Those suspected of infections had
laboratory findings that included, but were not imisted to, leukoeytosis or leukopenia,
elevated inunature neutrophil counts, low absolote neutrophil counts, and elevated Coreactive
protein and serum alkaline phosphate. Clinical findings for these mfants were identical o
those with confirmed sepsis diagnosis.

[60555] Sample Collection and Extraction of Soluble Gut Lumen Contents. A simple

protocod for stool handling was developed for evaluation of AP processes in the gut lumen,
After wrilten parental consent was obtaingd, samples were collected biweekly from infant
diapers and stored 1 a 4 °C specimen refrigerator at hospital sites until transport to the
laboratory. On receipt, stool samples were prepared for tununal content analyses, and a
200mg/mL shary was made with molecular grade water in 3 steride microfuge tube.
Following vortexing and centrifagation, the supernatant was collected, aliquoted, and banked
at ~R0 °C {FI(G;. 35F),

{66556} Stool samples were collected serially from disposed diapers of study subjocts
after spontaneous stooling. Initial collection at $t. Lowts Children’s Hospital was only ong
sample per patent, but shifted {o weekly collections per patient. From Children’s Hospital of
New Orleans and Touro Infirmary Hospital, samples were collected prospectively. Stooling
frequency from enrolled infants matched those reported in the litersture: for the general
pediatric population, the mean bowel frequency is greater than 8 evacuations per week and
does not vary in the frst 2 vears of {ife.S16 Upon documentation of patient code and date of
sarmple acquistiion by nursing staff, stool was stored briefly in hospital specimen 4°C
refrigerators, witil transport {0 the kab in cooler boxes. Stool samples from NEC and from
non~-NEC patients had 8 pH between 6 and 7 (ColorpHast pH 0-14 indicator stnips, Sigma),
consistent with reported median pH of 6.64 for stool. 817

00557} WORKFLOW FOR FECAL MATERIAL FROM GUT LUMEN: Without

being bound by theory, specific proteins should shift between insoluble and soluble fractions
of stool i a stinutus-dependent manner, such as epithelial release of lunyinal vesicles from
the small intestine microvilli into the lumen, Therefore, stool preparation is a critical factor
for accuraie quaniiative analyses. Stool is 3 complex matrix: not oudy s there a variety of
bielogical material {cells from the host infant gut, bacteria, mucin, proteolytic enzymes, etc.},

but the different types of biochemical and cellular structares are not represented 1o equivalent

1H
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stoichiometry. For example, proteins most biologically relevant (o host responses are unlikely
1o be identified, due to the expected modest representation of host-derived gut proteins in the
total stool proteome S18 partial proteolysis that occurs during gut transit, and a large and il
defined microbiota proteome.

[BOSS8] Farthermore, priov gl proteome investigaiionsS 19-821 identified or recovered
far fewer proteins than typical cell or tissue-based analyses. To cope with these challenges,
we first standardized our assay protacol to the fecal weight of a homogenous patient sample,
as 1t 15 the most commonly used parameter o evaluate fecal properties. S22-5235 Two
hundred mg of fresh stool, which typically is 75% water, 817 was weighed (FIG. 35E).
Stevile, deionized water, free from proteases and DNases water (Sigma Aldrich), was added
to make a shurry at 200 mg/mi (weight stool:volume), as buffer composition substantially
affects the results of guantitative smnwmoblotting and activity assay measurernents. S26 Then,
after quick voriexing, we applied a centrifugation protocol (FIG. 35E} that separated mtact
free-living cells, complexes associated with cell membrane surfaces, and other large
particular matter in the pelet. 827 828 The supernatant contained proteins secreted in the gut
humen, on which our analysis 1s focused. As such, mass spectral analysis confirmed that iAP
was found in the supernatant and was readily detectable (¢Table 16). We note that cell ysis,
for which conditions can bave a profound impact on protems exiracted, is not a variable in
this study. The supernatant was aliguoted, snap frozen in liguid mitroges, and stored at -80°C
until use.

606559} Protein Concentration. Total protein concentration in the stool supernatant

was determined by Bradford assay{ThermoFisher Scieniific). Total protein was used to
standardize blochenucal activity measurements and proten toad for quantitative IAP
abundance via immunoblot analyses. Protein concentration measurement was reproducible
and accurate between replicates and different operators32 (FIG, 39, eTable 12).

{0360} BIOCHEMICAL MEASUREMENTS OF SECRETED PROTEINS IN GUT

LUMEN, Three different protein assays were performed on one aliquot of supernatant (FI1G.
35Ey determination of total protein, enzyme aetivity assays mosntoring alkaline phosphatase
catalysis, and detection of intestinal alkaline phosphatase by immenoblot. Intestinal atkaline
phosphatase is resistant to intestinal degradation by host digestive enrymesS29 and
thermostable, 830 For gl three assays, quantitative wiessurements required standard corves,
which were evaluated in replicate on each platform daily. Instrument and pipetie calibration

were perfonmed every six months by external vendors.
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[68561] Protein concentration. The concentration of total protein in final stool

supernatant was determined by Bradford assay (Coomassie Phus Protein Assay Reagent,
Therno-Scientific) on either a Spectra Max M2e or Spectra Max 13x spectrophotometer
(Mbolecutar Devices). Protemn standards (bovine serum albumin, Pierce} and patient samples
were prepared, psing molecudar grade water {Millipore) as the difuent. Five-point standard
curves were generated for each day of measurement; daily r values 20.994 were indicative of
Hnearity of protein abundance measurements. A second measure of analviical validity was
the mean ervor from ideal values of standards used.

{66562} Fecal TAP Catalvtic Activity. Alkaline phosphatase activity was measured

with use of 4-methylumbelliferyl phosphate {(Abcam) substrate in the presence snd sbsence of
L-phenyvialanine, an intlubitor of JAP 33,34 Relative fluorescence units &t 360/440 nm were
measured n a multtwell format on erther a Spectra Max M2e or 13x spectrophotometer
{Molecular Devices). Total alkaline phosphatase catalysis and 10mM phenylalanme-inhibited
alkaline phosphatase catalvsis were measured i triplicate and averaged. Reported IAP

ges. We reported TAP activity as |

activily represents the difference between these 2 averag
gmol of $-methyhmmbelliferyl phosphate hydrolvsis per nunute per gram of total protemn in
stoo! superpatant at pH 10.0; individual measurenients are i ¢Table 13, ¢Table 14, and
eTable 15, Intestinal atkaline phosphatase activity was reproducible between users and on
different days (FIG. 39, eTable 12)).

[80363} Activity assays are a measure of enzymatic catalysis as a function of time and
as a ratio of protein in the stool supernatant. Alkaline phosphatase activity can be measured
gsing a number of different sabstrates. The substrate employed delenmines the dynamic range
and sensitivity of the enzymatic reaction. AP activity in this work was measured with use of
4-methvlumbeliiferyl phosphate (MUP) as a fluorescent substrate (Abcam, abR3371) in the
presence and absence of L-phenylalanine, an inhibitor of 1AP. Use of MUP has technical
advantages for our study. Fluorogenie substrates enable catalvtic activity of AP to be
measured with high sensitivity and accuracy, attributes which are wdeal for basic research and
biotechnology applications. Second, fluorogenic substrates typicatly have a detection range
that is 1IX-HEKX greater than chromogenic subsirates, for which product precipitates are
detected after reduction of tetraroliwm salts or production of colored diazo compounds. S31
The 4-MUP substrate has a lower Km than other native substrates found in human

samples. $32 Determination of Vmax using $-MUP 15 pH-independent §33,534 Lastly, us
hydrolysis products do not lead to sirong inlunbition of alkaline phosphatase 832 which would

lower the measurement range and Hmit accuracy.
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[86564] Relative fuorescence wais {RFUS) al 360 mm excitation’ 440 nny emission
were measured using & Spectra Max M2e spectrophotometer or Spectra Max 13x (Molecudar
Devices). Ninety-six-well black optical botton plates (ThermoScientific) were used.
Standavds and negative controls were prepared for each plate run. A 100 mM stock of L-
phenvialanine (parity >@8%; Sigma Aldrich) was freshly prepared in molecular grade water
each day of use. A fingl assav concentration of 10 mM Phe was used to assess inhilntion of
1APspecific activity.

[66565] Denaturing Gel Electrophoresis and Tunmunoblot. We determined TIAP

abundance using affinity-based methods and reported sbundance refative 1o AP nweasored in
control lusman small intestine lvsate of equivalent protein load. Duplicate, precast denaturing
SDS-PAGE gels (ThermoFisher Scientific) were used to visualize proleins prior (o
mmnunoblotting detection of TAP; 5 pg total protern was run per sample. To confivm relative
protein abundance35-37 of IAP, 2 loading controls were run on each gel. The posttive control
was g single lot of human small intestingl ysate {Abcam). Purtfied bovine alkaline
phosphatase from intestinal mucosa (Sigma) was ow pegative control. Immunoblotting was
performed using traditional or iBlot-iBind methods (ThermoFisher Scientific). 38-40 The
amnount of TAP in chinical samples was reported as a percent of the detected protemn in an
immunoblot relative to the difference in densitometric pixel count in a fixed area { Amersham
Imager 600, GE Healthcare) that captured the TAP signal 1o the positive and negative
controls. A single lot of primary antibody against human AP, which did not cross-react with
other human alkaline phosphatase or negative control proteins (FIG. 39C}, and a single lot of
horseradish peroxidase-conjugated secondary antibody {Abcam) were used for all analyses.
Deternunations of IAP content werve linear up to 1 pg small ntestinal lysate (FIG. 39D},
166566} The approach was to compare the amourst of fecal 1AP, which reflects the
abundance of protein in the gut lumen, relative to AP protein in the nan intestinal
epithelium standard. Supernatant of stool samples were nuxed with gel loading buffer (375
mM Tris pH 6.8, 50% {w/v) glveerod, 600 mM dithiothreitol, 420 mM sodium dodecyl
sulfate} and boiled for § mins. Sample loads per lane were prepared according to total
protein. S35-837 A total of 3 ug of total protein was loaded per lane of a denaturing 4-12%
iBolt Bis-Tris gel (Novex, Life Technologies). Duplicate gels were ron: one was Coomassie-
stained to visnslize all proteins in each lane and the second was used for innmunoblotting,
{06567 Akin to ELISA measurements, more than one reference was used for
quantitation of relative 1AP content in stool saraples in our immunoblots. This approach

mitigates the danger of single-varable normalization, long recognized in data from
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ancromtays3® and quantilative PCR.S3Y Thus, oy positive control was manan small
intestingl hissne Ivsate {Abcam). Puarified bovine alkaline phosphatase from fitestinal nuicosa
{Sigma Aldrich) was used as & negative control. The primary antibody used was specific for
the homan intestinal 1soform of 1AP (FIG. 39C), when evaluated against hunman small
mestine hysate {Abcam; ab29276), purified buman placental alkaline phosphatase
(ah114268), purified humun tissue non-specific alkalime phosphatase (ab114267), and bovine
intestinal alkaline phosphatase (Sigana, P53213. Our positive control from a single lof, as well
as a single lot of negative contro, served as calibrators for all guantitations in the manuscripi;
both ave loaded on each and every el with patient samples. These two standards were used
define the lingar relationship of our anti-iAP signal for patient samples.

[B0568] Transfer of proteins in gel matrix was performed using one of two technigues:
either (1) a semi~dry {ransfer apparatos (FisherScientific) at a constant 3V for 1 howr or (2}
the iBlot 2 (ThermoFisher) dry blotiing system at starting at 20V and ending at 25V fora
total of 7 min, Western blotting techniques were performed either using traditional methods
S40-842 or with use of an 1Bind system { ThermoFisher). Membranes were either serially
blocked in 3% Gw/v) nonfat dry milk 1 50 mM Trs-HCl pH 7.5, 150 mM NaCl, and 0.1%
Tween or with the 1Bind solution kit (ThermoFisher) reagents. At room temperature,
membranes were meabated with primary rabbit polyclonal antibodies against liuman 1AP
{Abcam, ab732) at 3 1:13,000 dilution, washed, and mcubated with horseradish peroxidase~
conjugated goal anti-rabbit secondary antibodies (Abcam, ab6721) at a 1:20,000 dilution,
{06569} Bands were guantified on an Amersham Imager 600 (GE Healtheare); its CCD
chip and large aperbre Fajilon 085 43 mm lens allows for greater sensitivity for low-Hght
applications. The 1AP protein mn the positive control lane was mamally defined. Equivalent
areas were quantitated for each lane of the imoumoblot, including the negative control and
patient samples, The resulting signal for each patient sample was divided by the difference
between the positive control and the negative control to give a final percentage of the positive
control standard. To account for sample prep, detection scheme, and normalization approach
m our hands, a calibration curve of a lvsate of human intestinal epithebum (FIG. 39D}, our
positive control, showed overlap between linear portion of anti-human (AP signal detection
and our working mnge 843

BOS76 Accuracv and reproducibility mieasurements, Although Sve different operators

performed these assays, examination of replicates showed clear reproducibility (FIG. 39A
and FIG. 39B) suggesting that biological signal can be differentiated from notse m these

AsSAYs.
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{86571} Avcuracy and reliability of each biochemical test used lo calculate 1AP

hiomarker sensitivity and specificity were assessed (Table el6). To minimize the impact of
hateh effects, 44 five independent measurements of known analyte concentrations for sach
brochemical assav were selected randomly from an eight-month period by three different
operators, Accuracy was assessed by comparing the experimental measorement of the analvte
and the absolute measure 85 defined by the manufacturer and reported as a percent of the
absolute value (FIG. 394 and FIG. 398} The abachste value of each concentration of
alkahine phosphatase used for activily assays was measured on the Tecan Infimte MIGOH Pro
{personal conmnuonication from the supplier; Abcam). Experimental measurement of the
analyte was performed on the SpectraMax 13x (Molecular Devices) with a photontetric range
of 0-0.4 OD and a photometric resolation of 0.001 OD. For the Bradford assay, the extinction
coefficient for bovine serum albanun (BSA; 43,824 M-1) and Beer’s law equation were used
to calculate the absohuie value for each dilution of BSA used for the standard curve measured
on the SpectraMax 13x. Accuracy was caloulated using the equatin accwracy = [{absoluie
value — measurement vahigYabsolute value] x 100%:, The reliability, or how reproducibly a
measurement of an analyte compared to the absolute value of the analyie, was determined by
calculating the standard error and reporting the p-value. As the p-valoe indicates whether
measirements deviate significantly from each other, it can be used to mdicate whether inter-
operator measurements for calibrators are exther statistically stmlar (pvalue <0.08) or are
disstonitar {p-value »0.05). For all measurements of patient samples, dilutions of the sample
were performed to ensure the experimental measurement value fell i the middle of the linear
range between the highest and lowest analyte concentration used for the standard cwrve.

{80572}

that was subseguently reduced, athyviated, and trypsinized, were performed in 8 Fusion
Tribrid Orbitrap {Thermo Fisher Dionex, Sunnyvale, CA) utilizing a resolution of 240,000,
following higuid chromatography separation on a Dionex U3000 HPLC system {Thermo
Fisher Dionex, Sunnyvale, CA}). The M52 scans were perfonned in the Orbitrap using High
Energy Collision Dissociation (HCD) seiting of 309% and a resolution of 30,000, This was
repeated for a total of three technical replicates. Data analysis was performed using Proteome
Discoverer 2.3 using SEQUEST HT scoring. The Protein FASTA database was H. sapiens
version 201 7-07-03, Static modilications included carbamidomethyvl on cystemes (=57.021)
and dvnamic modification of oxidation of methionine (=15.9949). Parent ion tolerance was

10 ppm, fragment mass tolerance was 0.02 Da, and the maximum namber of nussed
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clegvages was set to 2. Ondy high scoring peptides were considered uttlizing a false discovery
rate (FDRY of 19%.

[605873] Statistical Analysis. Sample size and power calculations for planmng this

study were based on preliminary data acquired from 6 NEC and 12 non-NEC stool samples
from premature infants. From this mibal evaluation of the effect sive of 1AP abundance and
dysfunction, il was determined that at least 12 patients with NEC were needed to demonstrate
significant difference (e, with a §%Cl, 2-sided, Z2-sample f test, and $8%powen). 41 With an
assumed gvent rate of dichotomous outcome of 10% (e, percent preterm mfants bom=1.3 kg
who develop NEC) and a 10% atirition rate, our target ewollmentwas 130 very lowbirth-
weight infants,

[GUSYEY Associations between mnflammatory disgase (NEC and non-( fract
mfections), neonatal vanables, and hospital course were evaluated (FIG. 36 and FIG. 37}
When characteristics or conditions were considered antecedent or concurrent with disease
maodality, adjusted associations wers evaluated using logistic regression models it to the
binary disegase opteome. I the oulcome was continnous (eg, the association of sepais with the
sumber of days in hospital}, adjusied associations were evaluated by linear regression; an
analysis of variance, ¢ test, or Kruskal-Wallis and Wilcoxon test was adopied, depending on
the validation of data normality. For unadjusted companisons or very small counts, statistical
significance was determined by ¥ or Fisher exact tests. All analvses were completed using
SAS version 9.4 (SAS Institute).

{60575} Each clinical modality was tregied as a binary variable to age-appropriate
coutrols. Differences in medians between NEC and control groups for IAP activity and
abundancewere tested asing Mann~ Whitney U test; a 2+tatled P <1 0.05 was considered
statistically significant in highlighting cateporical differences. Potential biomarker efficacy
was assessed via senstivity (true-positive raie} and specificity {true-negative rate)
calculation. For each vaniable of mterest, specificity and sensitivity were nitially obtained
using a simple threshold-based classifier. Receiver operating characteristic corve snalysis
was used to evaluate sensitivity and specificity of the biomarker for the best discrimination
between infant samples with or without disease. The Wilson-Brown method for confidence
miterval determination was nsed. These statistical caleulations were performed using Prism
version 8.1.2 (GraphPad), Al fgures were genersted in Igor Pro version 8.0 (Wavemettic),
{68576} Results

{80377} A total of 136 infanis were enrolled (68 {50.0%] male infants), with a median

{ierquartile range [IQRY) birth weight of 1050 (790-1350) g and a median {IQR) gestationgl
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age of 284 (36.0-30 9} weeks. A total of 23 (18.4%) were classified as having severe NEC,
19 (14.0%) were saspected of having NEC, and 92 {66.9%) had no NEC (e, control} (FIG.
35D} Of the infants with severe NEC, 19 events (76.0%) took place between 26 and
35weeks’ postconceptual age (PCA), and 6 (24.0%) took place between 36 and 40 or more
weeks” PCA. For infants classified with saspected NEC, 16 events (84.2%) ook place
between 26 and 30 weeks’ PCA, and 3 {15.8%) took place between 31 and 35 weeks’ PCA.
Study participants had other forms of confirmed infections besides NEC; 26 (19.1%) were
diagnosed with LOS, and 14 (10.3%)} had a non-Gl tract infection (FIG. 353D). An equuvalent
nomber of male and female infants were enrolled.

[68578] Aftrition rate was 11.0% (e, 15 infanis), resuliing from enrollment changes,
medical changes, or inadequaies biospecimen collection (FIG. 35D). A total of 6 (4.4%)
patients were excluded because of withdrawal of parental consent or death {pulmonary or
multiorgan failure not related to NEC) before sample collection. A total of 9 (6.6%) enrollees
were rernoved because of diagnosis of SIP, inadeguate stool collection, or no stood collection
during the episode of suspected or severe NEC. The munber of remaining emrollees was 121,
[806579] Demographic data and clinical listories were reviewed after stool analyses
(F1G. 35E). We compiled 3400 demographic and clinical-course characteristics (FIG, 36 and
FIG. 37} Potentially confounding vaniables were cross-tabulated for disease. Posiconceptual
age and weight were the only pre-event climical variables associated with NEC (FI1G. 36},
supporting postnatal disease development as a consistent risk factor (median {IQR] PCA at
first NEC episode: severe NEC, 33.9 [31.0-35.7] weeks: suspected NEC, 29.4 {28 4-30.9]
weeks; P= 02; median [IOR] weight at first NEC episode: severe NEC, 1620 [1110-2050] ¢;
suspected NEC, 1015 [860-1377} g £ < 001).18 In contrast, birth weight and gestational age
were strongly associated with risk of LOS (median [IQR] birth weight: LOS, 790 {670-1010]
z: other non-GI tract infections, 834 [700-913] p; no other non-GI tract infection, 1163
{912.5-14107 g; P < 001; median [IQR] gestational age at birth: LOS, 259 {25.0-29.7]
weeks: other non-(G1 tract infections, 26.4 [25.0-27 1] weeks; no other non-Gl tract infection,
29.3 {26.9-32 2} weeks, PP < 001} {Table 2}.14

[80586] Abundance of IAP Protein and IAP Engyme Activity in PatientsWith Severe
NEC, Smpected NEC, gnid No NEC. Infants with NEC bad bigh relative IAP content in
their stool sanples at the time of clinical diagnosis (FIG. 38A) Sawmples collected at the tme
of severe NEC had a median (IQR) IAP content of 99.0% (51.0%-187 &%) (95%:(1, 54 (%
163 .0%), whereas control samples had a median (I1QR) IAP content of 4.8%(2 4%-9 8%}

{98%C1, 3.4%-5.9%). Increased fecal TAP proteinwas associated not only with severe NEC
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bat also suspected diseass. Stool samples collected at the time of NEC suspicion had a
median (JOR TAP conterst of 123.0%€3 1 0%324.0%) €953%C, 31.0%-224 0% (FIG. 38A)
{00581} The median IAP abundance in stool at the time of severe NEC and suspected
NEC was mncreased 20-fold compared with stool collected from age-matched controls with no
NEC.

{06382} Activity of TAP in smuples collected duning episodes of suspected and severe
NEC was significantly lower compared with samples from infants who did not have NEC
{FIG. 38A). However, different levels of IAP envyvime dysfunctionwere found beiween
patients with suspected and severe NEC. Samples at the time of severe NEC had a median
{IQR} TAP activity of 183 (56-307} wmol/min/g (98%C1, 63-478 pmol/min/g) of stool
protein. Samples at the tims of suspected NEC had a median (IQR) IAP activity of 355 (172-
608) pmolmindg (95%C1, 172-608 ymol/imin'y) of stool protein, and AP activity in PCA-
matched control samples bad a median (IQR) of 613 (210-1465) pmol/nunig (95% (1, 386-
723 wmol/min/g} of stool protein. Thus, infants with severe NEC had only a quarter of the
ability to modalate abesrant bacterial colonization as thetr counterparts with suspected or no
NEC, indicating a dysfonction in host~nucrobial crosstalk.

|605831 Sensitivity, Specificity, and Pesitive Predictive Value of Fecal IAP
Measures. Accwracy, or area under the curve, of the single biochemical measure of IAP was
avaluated using a receiver operating charactenistic corve, a conwnon tool used to caleulate
chinical prediction rules (FI1G. 38B). Mean (SE} accuracy using IAP content as a marker for
severe NEC was (197 {0.02) (95% (1, 0.93-1L.00; P < 001), and mean {8E) accuracy using
TAP activity as a marker for severe NEC was 0.76 {0.06) (98%:C1, 0.64-0.86; P < 001),
Stmilar mean (SE} accuracy values of .97 (0.02) (95%C1, 0.93-1.00; P < 001) for IAP

content and 0.62 (0.07) (95%C1, 0.48-0.77; P = 13) for AP activity were oblaingd for

suspected NEC,
{00384} In contrast, TAP content and activity lacked sccuracy in the diagnosis of sepsis

and other non-Gl tract infections (FIG. 38C). There was negligible 1AP shed in stool
collectad at the time of clinically defined sepsis (median [IQR], 6.3%{2.2%-23.1%6]; 93%(Cl,
2.2%~19.5%), other non-Gl tract infections (median {HQR], 3.1% [0.8%6-1{1.9%]; 95%:(1,
0.6%-153.2%), and controls Guedian [TQR ] 6.2%]2. 7940000 950, 4.6%-11.0%}.
Eneymatic abily of 1AP did not dilfer statistically hetween samples collected from these 3
cohorts (FIG. 38CH median (IQR) activity for sepsis was 575 (338-1122) umol/min/g
(95%:C1, 355-1073 pmol/min/g) of stool protein, for other non-Gl tract infections, 319 (207-

961) pmolimindg (95%CT, 172-1193 wmolmin'y) of stool protein, and, for the control group,
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FTO {1R0-1243 3 molmund'g (23%CT, 350-695 umol/punfy) of stood profemn. Area under the
recetver operating characteristic aurves showed that use of fecal IAP content or activity
would randomly assign colture~confinmed bacterial sepsis and other non—Gl infection as
posiiives or negatives for these inflammatory conditions {FIG. 383133, Mean {SE} accuracy
scores for TAP content were 0,52 (0.07) {95%Cl, 0.38-0.66; P = 75} at the time of sepsis and
0,58 (0.08) (5%, 0.4240.75; £ = 06} at the ume of other non-GlI infection, Mean (SE)
accuracy scores for IAP activity were .52 (0.07) (95%Cl, 0.39-0.67; P = 68) at the time of
sepsis and 037 (008} (95%CL, 0.39-0.69; F = 66) at the time of other non-GI infection.
{66585} Necrotizing enterocohitls and LOS in neonates have exaggerated imflammatory
responses and 3 number of common ativibutes. Differentis! dingnosis 1s complicated by their
overlapping presentations, diagnostic tools with {imited sensitivily, and gven their evolving
definitions 42,43 Current criterion standards are abdominal radiography for NEC and positive
blood culture for sepsis. Yet both standards suffer from low sensitivity and the possibility of
causing harm from excessive radiation exposure of blood sampling. Lastly, cutcome reports
are problematic: terpretations of sabtle radiological findings are subjective and may vary,

whereas culture results may take up to 48 10 72 bouss.

j06586] There have been numerous atterapts to wentify candidate markers of gt
mjury that discriminate NEC from other inflammatory conditions 44-48 Animal NEC models

suggest that the immune dysregulation and microbial dysbiosis associated with severe NEC
are tandem hosi-bacterial missteps owing to excessive toll-like receptor 4 sigaaling in
response (o bacterial LPS,19,49-52 The majority of candidate NEC biomarkers are profeins
forther downstream from the indtial bost signaling steps. Elevations in platelet activating

factor,3,53 inter~- & nhibitor protein, 54 calprotectin, claudin 48 intestinal fatty acid binding

protein, 3% and C-reactive protein36 in plasma have been assoctated with NEC onset. Taken
topether, current Hterature points toward the idea that diagnosis of advanced NEC is a clinical
descriptor of terminal-stage pathologic processes, 29,57 suggesting that an NEC biomarker
may ahvays be confounded by sepsis,

LS This study challenged these theories. Blomarkers, such as calprotecting, are
rehable indicators of mtestinal inflammation m general but provide no understanding of the
dominant inflammatory pathwiavs at work in the intestinal mucosa of g patient, Qur study
required prospective inclusion of infants with NEC and concurrently tested healthy and
gnhealthy controls with seversl inflanumatory condittons i the neonatal intensive care wil

Under these realdife conditions, estimates of biomarker reliability more accurately reflected
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potential perfmmance in clinical apphcation. Examination of proteins involved n organ-
speciiic modulation of microbiota bomeostasis and response distinguished NEC from other
forms of mflanmmation. As such, IAP is the first candidate diagnostic biomarker, unigue m fis
high positive predictive value for NEC. Importantly, 1AP is associated with NEC and not

associated with sepsis or othey non~Gl ract infections.

jHO588] Using a protein that is an established sntécedent o inflammation, induced by
LPS, as a biomarksr has support from prior studies. There are several models of IAP
activation in gut dysbiosis: exosomes, ncreased gut permeability, andior intestinal epithelial
njury. It has not been clarified whether the bacterial translocation across the gut epitheham
that can give rise to LOS is 3 native outcome from altered gt epithelial permeability or a
result of gut barrier deterioration. Our AP study does not address whether there 1s
detertoration of the gut endothelium in NEC or sepsis. However, detection of 1AP w such
high abundance in our stool samples during NEC episodes sugpested that thers is aclive
regulation of lipid vesicle secretion into the gat lumen during active NEC disease; such
secretion of TAP 1s not detectable in stool during LOS. This iavestigation does not support the
wea that NEC shares the same pathobiological mechanism as neonatal sepsis.

806589} The IAP biomarker is associated with digease severitv 1AP hiochamistry
differentiates advanced NEC, {lagged by portal venons gas or ppeumatosis imntestinalis, from
suspected disease, for which there are no reliably observable signs by radiology. Our results
also showed that this classification of NEC suspicion is supported as an explicit disease siate.
Our approach differed from other candidate biomarker studies. This work diverges notonly
by the taveet protein of nerest but also by ouruse of a disease severity catalog, blospecimen
choice, and molecular method of detection. We were able to segregate NEC suspicion from
severe cases of NEC, There has been great effort to identify commonalities i clinical criteria
io define severe NEC. Very few reports on NEC suspicion are published because of the
absence of a molecular diagnostic test and lack of definmition consensus. This study showed
that suspected and severe NEC werg gssociated with the active release of TAP in infant stool.
it also demonstrated that there were clear differences in IAP function in these 2 disease
categories, Advanced NECwas associaied with severe biochemical dyvsfunction of host TAP,
whereas suspected NEC has only partial loss of IAP enzyme activity. In contrast, C-regetive
protein and other biomarkers are not associated with Bell staging, 11 and importantly, the

values do not significantly vary betwesn saspecied and severe NEC.



CA 03128826 2021-08-03

WO 2020/163381 PCT/US2020/016646

{86594} The findings discassed i this example did differ from the other studies
evaluating FAP as a blomarker for NEC. Qur research report ased not § but 2 measures to
gvaluate TAP biochemistry in patient samples, as follows: (1) imnunoblotting o guantify its
relative abuandance in comparison with the amount of TAP found in human small mtestine and
{2} enzymatic activity to dentify whether the protein is functional and capable of modulating
microbial dysbiosis. Both approaches are necessary to distinguish disease pathways and
differences betwean individuals. Serological tests3% of alkaline phosphatase as an NEC
biomarker reporied that the amount of JAP i blood was increased m mifanis with NEC
compared with controls, suggesting that TAP may play a role in NEC pathogenesis. Senum is
not an ideal sampling source, as 4 different alkaline phosphatases are present, and their
relative levels i serum are known to change during gestations9 (FIG. 39 and FIG. 40},
Although prior conclusions drawn38 support our findings, sole use of desaturing protein gels
cannot provide equivalent evidence that 1AP was identified nor is it capable of quamtifying

the mmount of atkaline phosphatase in general.

[80591} in conchusion, the resulis of this study indicated that the measurement of IAP
dysfunction in stool i3 a biomarker for NEC with better sensitivity and specificily than other

candidates previously reported m the literature. Although promising, use of fecal IAP as a
bromarker should be considered an adpmet in establishing the diagnosis of severe NEC,
montioring disease progression, and surveilhing bigh-nisk infant groups. Normative data
across different PCAs are needed for appropriate design and analysis of future biomarker
studies to determine whether fecal IAP can serve as a diagnostic proxy at the molecular level.
The chimcal potential of this noninvasive tool lies in its ability to dentify mfnts most at risk
of developing NEC, to facilitate management of feeding and antbiotic regimens, and to

MORHOT TESPONSE 10 reatment.
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gTable 1. Study Crteria Used to Classify Diagnosis and Suspicion of Neonatal Necrotizing Enterocolitis

Study classifications result from mininurn, conumon requiraments for discase severity defimitions. ™ Ranked order of stady
criteria met was {1} radivlogical signs, {2} abdmminal signs, (3) clinical findings, and (4} lab findings; one radivlogical sign
and one oriteris from the other groups were identified for cach patient claswified as NEC.

SEVERE NEC
radiciogically-
vonfirmed disease

preumatosis
intestinalis, portal
YENGUS §as,

prsumoperiioneuny,

intestingl
perforation

moderate 1o severe
abdoninal
distention,
tendemess, andior
discotoration,
abdoninal celluliis,
hypoactivily or
absance of bowsd
souvids, fired right
fower guadrant
abdomingl mass,
signs of paritonitis

bilous aspirate,
amesis, bloody stood,
feading nlolerance,
increased pre-feed
gasiric residual
vidume, increasad
apneas andior
bradycardias,
femperature
nstabilily, lethargy,
generalized clinically
ifl- appeanng,
systemic instability
{spvers 8oneg,
bradycardia, shook,
DHO, hiypotension,
respiratory fatturs}

scagulopaihy,
thrombocyviopenia,
feukonyioais of
leukopania,
sieutropentia,
bandemia,
hame-positive
stool,

mstabolic agidosis

SUSPECTED NEC
disease not
confirmed by
radiclogy

no paeumatosis
intestinalis,

witd intestingt
ditation,

mild intestingl Heus,
fhickened bowesd
walls,
paucity/absance of
bowel nas

mild o moderate
abdominal
distention

identical 1o shove dlinical
finding criteria for NEC
diagnosis

thrambooytopenia,
leukocylosis or
teukopenia,
neutropenia,
bandemia,

hama-positive
stood,
matabolic acidosis
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eTable 2. Study Criteria Used for Focal or Spontaneous intestinal Perforation
Ranked order of shudy eritena met was (1) radiclogioal signs, {2) abdominal sigas, {3) chaical findings, and (4) Iab
findings.

Focal or | intestingl pedforation,  abdominal asympiomatic, fsukonytosis
spontaneous | pneumopenioneum, distention, fypotension
intestinal perforation | no pneumatosis abdominal wall
intestinalis discoloration
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sgTable 3. Study Critera Usead to Define Pathogenic Infection Qutside the Gastrointestinal Tract

Study classifications follow infection definitions from the US Center for Discase ControlMNational Healtheare Safety
Network {CDUNHSN]. Ranked order of study eriteria met was (1) laboratory findings and (2) clinical findings. Four types
of infection are excluded and not repoaried W this study: {1} carly onset scpsts {(before 72 hrs age), sy antibiotios ware
prophviactically administered to mdants at birth i afl three hospial conters; (3} 2 bloodsircam infection that is identified
secondary to another site of infection; (311} mfections associated with use of a central bne; and (v} laboratory detection of
the genera Blastomyens, Histoplaspu, Cocdidivides, Pavavocoidioides, Gryplocoeens, and Prawmocystis, which typically

give Tise 10 community-associated infoctions and are rarely known 1 cause hesltheare-assomated infections.

NEONATAL SEPSIS,
LATE-ONGET

After severiy-bwo hours of age:

hattedal, viral, of fungal pathogen, whith is
niot included on the NHEN common
conwnensal iist, condirmed in 1 o mare toad
OF SefLUm specimens

confirmation obtained by culture of non-
culture microbiclogical testing methods
arganism identified is not related to an
infection at another site

nonspecific, including but not limited fo:
temperature rraguiarity,

raspiratory distrass,

hwpotension,

feeding intolerance,

giucose intolerancs,

newrclogicat changes {lethargwimiability,
seizures; hypolonia),

abnormal perfusion,

Dsading 185uBs,

unexpliained jaundice

OTHER CONFIRMED
NON-GHINFECTIONS

confirmed bacterial, viral, or fungal pathogen
in stevile body Buids, such as cerebrospinal
fluid {C8F}, tracheal aspirate, urine, andior
joint fhaid

idantical 10 above dlinfcal Bnding oritena
for sensis

INFECTION NEGATIVE
suspected infection

¢ coneers regarding
ffection

feukorytosis or lsukopenia,

elevated romature neutrophil counts,
fow absolute neutrophil count,
thrombooyiopenia,

serial elevated C-reactive protein
serum alkaline phosphatase

10 aboratory tests wers ordered

identical fo above clinical finding criteria
for sepsis

asvmpiomatic
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eTable 4. Summary of NEC Cehorts at Different Clinical Sites

The number of enrolled infants who weve clinically designated as NEC suspicion or severe NEC are provided per hospital
site. Cohort values shown are the total number of subjects eorolled at each site, grouped by gestational age (GA) bin and
the number of cases requiring surgical mtervention {peritoneal drain or loparotomy). Percentages, n italics and within
parentheses, are related 1o the number of cases divided by all subjects by cobont and gestational age at hivth. Number of
NEC cases and suspicion was siratified by esther betng <37 wesks or 227 wesks G4 af birth. Median and accompanying
interguartile valoss, in italics and parentheses, ave used o wdentify e post-conveptaal age and day of age for cohorts and
gestational age @t birth, Vahws and relative percontages are provided for the wumber of mortalitivs associated with
necrotizing enterocolitis. Abbreviations: surg inter, swrgical inforvention; UH, Children's Hospital of New Orleans, LA;
T, Touwrn Infivmary, Mew Orleans, 1.4 W, Washington University ia St Louis, St Louis, Missouri,

Neither infa had NE

COHORT SUSPECTED NEC SEVERE NEC
" # at time of initial episode at time of initial episode
site GA infants | surg # #
{wks) atrisk | inter infants PCA day of weight (q) infants PCA dayof | . oo (@
{wks} age 9 : {wks} age gHeig)
<27 14 2 d 28,3 37 801 2 328 48 1463
: {145 3 (Fa%) 1 (38338 | (T80 | (127441881
CH | =97 15 2 ) 338 27 1464 3 33.1 31 1620
== G T @ 209388 §osam b oruoasom | 0% SRR3R | (1933 | (TISGTR0S)
total 2g 3 & 32.2 28 1297 5 334 33 1620
(1% 1% | (mrasgy ogpeas {988-1566) (379 | (3ro3e ) | e | ogrisearsg
5% 0 * 28.9 13 583 2 47 a6 1913
4%} {935
46 3 8 288 a 10343 4 324 13 1310
PN § (0% 1 (28307 (S35 | {103 | (9% (O07-34.8 | {838} | (11853480
68 3 10 29.9 8 1043 & 338 17 1516
{39 (16%; | ee3en | sl (8641109 {555} {27350 § (Ui | (1350183
17 4 3 28.9 18 B20 8 271 21 1075
245§ {18 | 65279 | (180 {FER-800 (7% 1 (ERe-340 | IRy | (Fo8Teen)
Do 2 4] - - - 3] 377 17 2310
‘ (2793 1 S8 1 g | (2083-2565)
29 4 3 26.9 19 820 14 35 21 1708
{155 £8%%) (AESITQF | {16-200 (765860 (8% | (038 | 108 | (I0d0.225%
83 4] & 2688 18 B20 12 324 48 1285
(1Y% 9% (E[284 | (1229 (Y880 {23 1 IV | (20821 | (9807739
83 14 30.7 12 1163 13 343 16 1850
8% IS E S B v e N BN §REH- 1423 (e 1 fIRArer o3 | (143032
138 11 18 29.4 13 1015 25 338 21 1620
{85 (4%} | eme3em: §oE2s (8731254 (18%} | (ML.O387) | (1087 | (11102050

Reeosds and sunpies for one espolfes Were somaved frony the study aftor custodiad trase iy of infant 3o stais

LR L

infents discontinsed participation in the study af PUA week 32 of parontal rogquost: dute {disoase, sweguey. mortality, oie sfter BCA ok 3T were nut ineluded,
%, sopsis, conitred infotion af naw-lH site, ov SIR




WO 2020/163381

CA 03128826 2021-08-03

PCT/US2020/016646

eTable §. List of 25 Radiologically Confirmed (Severe) Cases of Necrotizing Enterocolitis Enrolled
Criterin for defining severe NEC wre shown in Table of;) priumary oriteria was confirmation by radiographic evidence,
Abbreviations for parert raccfothnicity self-identification: B=African Awmerican'Black, W=Caucasiand/White;, and
He=Hispanic. Qther abbroviations are: G A=gestational age; M=male; F=female; C=Crsarcan delivery, V=vaginal dulivery

subject
i

seXx

racef
ethnicity

birth
delivery

at time of

indtial NEC diagnosis

PCA
fwks}

day of
jife

Belt
stage
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i

i
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gTable 6. List of 18 Suspected Necrotizing Enterocolitis Cases Enrolled

Criteria for defining suspecied NEC are shown in Table el these cases could not be confirmied by radiographic ovidence.
Bell stage documented by attending neonatefogist in medical record is shown and may differ from our manuscript criteria,
Abbroviations for paront racefothnicity sclf identifications B=aAftkan Amwrican/Black, W={aucasian/Whag, and
H=Hispanie, Other abbroviations: GA=gestational age; M=male; Fefomale; CsUosarcan delivery, Vavagingl delivery

» at timne of clinical diagnosis
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sTable 7. List of 3 Enrolled Infants With Spontaneous Intestinal Perforation (BIP) and Necrotizing Enterocolitis

Abbreviations for parent racofetumieny  scifidomifoation: Be=African Amcrican/Black, W=Caucasian/White; and
H=Hispanic. Other abbreviations: GAsgestational age at birth, M=male; F=fomale; C=Cesarcan delivery; V=vaginal
dodivery; and NA=not applicable

at fime of SIF . . 3
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s ‘ birth
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WHAT IS CLAIMED:

1.

-

4.

~

A method for determinung the prognosis of necrotizing enterocolitis INECYin a

patient, the method comprising:

a. fitting a Markov model using 8 two state transition matrix and wopensity
values measured among a phualidy of subjects, wherein the two siate fransttion
watrix comprises @ fivst state and & second state, wherein the first siate
comprises § non-necrotizing enterocolitis status, wherein the second state
comprises a necrotixing enterocolitis status (NEC), wherein a propensily value
1s a function of intestinal Alkaline Phosphatase (LAP) activity valaes and the

amount of 1AP found in a subject of the plarality of subjects;

b. using a propensity value of the patient and the fitted Markov model to estimate
a probability of fransitioning from the first state to the second state, wheremn
the fitted model indicates that an increased propensily level of the patiest
stgnificantly increases the probsbility of transitioning from the first state to the

second siate;

L)

treating the patient when the propensity valee is greater than orequal to s

threshold value of abowt 0.5,

The method of claim 1, wherein a propensity value comprises a prodact of a first
value and a second value, wherem the first value comprises one (1) nunus § fivst ratio,
wherein the first ratio comprise an 1AP activity value of a subject of the plurality of
subjects divided by a maxinm 1AP activity value observed among the plurality of
subjects, wherein the second valoe comprises a second ratio, wherein the second ratio
comprises an amount of {AP from an immunoassay value of a subject of the plurality
of subjects divided by a maximum amount of 1AP from an mumunoassay value

observed in a sample.

The method of claim 1, wherein a propensity value comprises a prodact of a Hirst
value and a second value, wherein the first value comprises one (1) nunus an (AP
activity value of a subject of the plurality of sabjects, wherein the second vahe
comprises an amownt of AP from an invmanoassay value of a sabject of the plurality

of subjects,

The method of claim 1, wherein the plurality of subjects comprises the patient.

159
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The method of claim 1, wherein treating comprises withholding feeding,

Ay

adnunistering an antibiotic, or & cowbination thereof.
6. The method of claim 2, wherein the sample is a human small intestinal lysate,

7. The method of claim 2 or 3, wherein the inununoassay comprises a western blot, an

ELISA, or innmenoprecipiation.
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