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FIGURE 2 

A) AKRlBiD mRNA in coiorectal cancer tissues" 
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FIGURE 3 

A) AKRIBIO nezntivc 
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FIGURE 4 
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FIGURE 6 

A) AKRIBEO protein in colon diseases 
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FIGURE 7 

A). AKRIBIO knockdown B). Acroiein-pmtein adducts 
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FIGURE 8 

A) AKR1B10 protein in gastrointestinal 
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FIGURE 9 

A) AKR1B10 mRNA in gastric cancer 
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METHODS FOR DIAGNOSING BOWEL 
DISEASE 

CROSS-RELATED APPLICATIONS 

This is the national stage of International Patent Applica 
tion No. PCT/US2008/ 081087, ?led on Oct. 24, 2008, Which 
claims the bene?t of US. Provisional Application No. 
61/000,440, ?led on Oct. 25, 2007, the contents of Which are 
incorporated herein by reference. 

FEDERALLY SPONSORED RESEARCH 

This invention Was made With government support under 
NIH Grant No. CA122622iNational Cancer Institute. The 
government has certain rights in the invention. 

FIELD OF THE INVENTION 

The present invention relates to aldo-keto reductase family 
1 B10 (AKR1B10) and its association With boWel diseases. 

REFERENCE TO SEQUENCE LISTING 

A paper copy of the sequence listing and a computer read 
able forrn of the same sequence listing are appended beloW 
and herein incorporated by reference. The information 
recorded in computer readable form is identical to the Written 
sequence listing, according to 37 CFR 1.821(f). 

BACKGROUND 

Gastrointestinal diseases, including in?ammation and 
malignance, affect millions of people. For example, chronic 
ulcerative colitis and Crohn’ s disease affect roughly tWo mil 
lionAmericans and are often associated With the development 
of colorectal cancer. While there are more than 106,680 neW 
cases of colorectal cancer diagnosed annually, accounting for 
more than 55,000 deaths each year in the US, the etiological 
factors and pathogenic mechanisms of these boWel diseases 
still remain, for the most part, unclear. 

Electrophilic dietary carbonyls may be important patho 
gens of boWel diseases, including neoplasms. Food consump 
tion often results in repeated exposure to various reactive 
carbonyls. Long term and cumulative carbonyl exposure may 
eventually result in carcinogenic changes to gastrointestinal 
cells. Therefore, early assessment of boWel disease severity 
may present the best opportunity for treatment intervention. 

With the development of protein marker detection methods 
and genetic testing, it is possible to identify protein and 
nucleic acid markers that Will be indicative of a propensity to 
develop disease or indicative of a disease state. There remains 
a need to identify one or more markers that are associated 
With boWel disease in a patient. These markers may represent 
a protein, a nucleic acid, and/or allelic variants, Which may be 
useful in diagnosing boWel disease severity, and Whose prod 
ucts may be targeted for early intervention therapy. 

SUMMARY OF THE INVENTION 

Provided herein is a method for determining a subject’s 
predisposition for a boWel disease. The method may comprise 
providing a sample from a subject. A determination may be 
made as to Whether the sample comprises a boWel disease 
(“BD”) marker. The amount of a BD-marker in the subject 
sample may be measured and compared to an amount of the 
BD-marker as measured in a control sample. The subject’s 
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2 
predisposition for boWel disease may increase as the differ 
ence in the amount of the BD-marker in the subject sample 
and the amount of the BD-marker in the control sample 
increases. The control sample may be from a subject that does 
not have a boWel disease. The control sample may comprise 
protein and/ or nucleic acid. The sample from the subject may 
comprise protein and/ or nucleic acid. An alternative method 
for determining a subject’s predisposition for boWel disease 
may comprise providing a sample from a subject; and mea 
suring for a BD-marker in the subject sample, Wherein the 
subject is predisposed to boWel disease if the BD-marker is 
not present in the subject sample. 
The protein from the control and/or subject sample may 

comprise a BD marker. The protein BD marker may be an 
AKR1B10 protein. The amino acid sequence of the 
AKR1B10 protein may be as shoWn in Table 1 (SEQ ID 
NO:2). The amount of AKR1B10 protein in the subject 
sample may be loWer than the amount ofAKR1B10 protein in 
the control sample. The protein BD-marker may be an 
acrolein-protein adduct. The acrolein-protein adduct may be 
carbonyl acrolein and cellular protein. The amount of 
acrolein-protein adduct in the subject sample may be higher 
than the amount of acrolein-protein adduct in the control 
sample. 
The nucleic acid from the control and/or subject sample 

may comprise a BD-marker. The nucleic acid BD-marker 
may be a DNA, an mRNA, a SNP, and/or a mutation. The 
DNA or mRNA may encode AKR1B10. The DNA sequence 
encoding AKR1B10 may be SEQ ID NO: 1. The AKR1B10 
encoding mRNA in a subject sample may be in an amount that 
is loWer than the amount of AKRlBlO-encoding mRNA in 
the control sample. There may be no AKRlBlO-encoding 
mRNA in a subject sample. 
The boWel disease may be a colorectal disease, stomach 

disease, rectal disease, and/or a disease of the small intestine. 
The colorectal disease, stomach disease, rectal disease, and/ 
or disease of the small intestine may be chronic colorectal 
disease, chronic in?ammatory boWel disease, a malignant 
boWel disease, a cancer, neoplasia, dysplasia, adenoma, gas 
tritis, in?ammatory boWel disease, ulcerative colitis, and/or 
Crohn’ s disease. The cancer may be a colorectal cancer, stom 
ach cancer, cancer of the small intestine, and/ or cancer of the 
rectum. 

Also provided herein is a method of detecting a boWel 
disease in a subject. The method may comprise providing a 
sample from a subject. A determination may be made as to 
Whether the sample comprises a boWel disease (“BD”) 
marker. The amount of a BD-marker in the subject sample 
may be measured and compared to an amount of the BD 
marker as measured in a control sample. The subject’s pre 
disposition for boWel disease may increase as the difference 
in the amount of the BD-marker in the subject sample and the 
amount of the BD-marker in the control sample increases. 
The control sample may be from a subject that does not have 
a boWel disease. The control sample may comprise protein 
and/or nucleic acid. The sample from the subject may com 
prise protein and/ or nucleic acid. 
The protein from the control and/or subject sample may 

comprise a BD marker. The protein BD marker may be an 
AKR1B10 protein. The amino acid sequence of the 
AKR1B10 protein may be SEQ ID NO:2. The amount of 
AKR1B10 protein in the subject sample may be loWer than 
the amount of AKR1B10 in the control sample. The protein 
BD-marker may be an acrolein-protein adduct. The amount 
of acrolein-protein adduct in the subject sample may be 
higher than the amount of acrolein-protein adduct in the con 
trol sample. 
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The nucleic acid from the control and/or subject sample 
may comprise a BD-marker. The nucleic acid BD-marker 
may be a DNA, an mRNA, a SNP, and/or a mutation. The 
DNA or mRNA may encode AKRIB l 0. The DNA sequence 
encoding AKRlBlO may be SEQ ID NOzl. The AKRlBlO 
encoding mRNA may be in an amount that is loWer than the 
amount of AKRl BIO-encoding mRNA in the control sample. 
There may be no AKRlBlO-encoding mRNA in a subject 
sample. 
The boWel disease may be a colorectal disease, stomach 

disease, rectal disease, and/or a disease of the small intestine. 
The colorectal disease, stomach disease, rectal disease, and/ 
or disease of the small intestine may be chronic colorectal 
disease, chronic in?ammatory boWel disease, a malignant 
boWel disease, a cancer, neoplasia, dysplasia, adenoma, gas 
tritis, in?ammatory boWel disease, ulcerative colitis, and/or 
Crohn’s disease. The cancer may be a colorectal cancer, stom 
ach cancer, cancer of the small intestine, and/or cancer of the 
rectum. 

In any of the foregoing methods, the BD-marker may be a 
mutation or a single nucleotide polymorphism (“SNP”). The 
mutation or SNP may be detected by amplifying a nucleic 
acid comprising the marker and detecting the ampli?ed 
nucleic acids, thereby detecting the marker. The marker may 
be detected by sequencing. An mRNA marker may be 
detected by reverse transcription PCR (rtPCR). The rtPCR 
may be real time rtPCR 

Also provided herein is a method of treating a subject 
identi?ed as having a predisposition to a boWel disease or a 
subject identi?ed as having a boWel disease. The method may 
comprise administering an anti-infection agent to the subject. 
The anti-infection agent may be an anti-in?ammatory, anti 
biotic, immunosuppressant, chemotherapeutic, anti-diar 
rheal, and/ or ?uid replacement agent. The anti-in?ammatory 
agent may be an IL-l blocker, sulfasalaZine, mesalamine, 
and/ or a corticosteroid. The IL-l blocker may be rilonacept, 
anakinra, and/or Zn-protoporphyrin (ZnPP). The antibacte 
rial agent may be an antibiotic such as an aminoglycoside, 
amoxicillin, levo?oxacin, dicloxacillin, cephalexin, amox 
icillin/clavulanate, erythromycin, clarithromycin, aZithro 
mycin, clindamycin, cefuroxime axetil, cefproZil, ce?xime, 
cefpodoxime proxetil, loracarbef, cipro?oxacin, tobramycin, 
colistin, trimethoprim/sulfamethoxaZole, doxycycline, 
minocycline, cefaZolin, nafcillin, vancomycin, [3-lactam, 
ceftaZidime, ticarcillin, piperacillin, imipenem, meropenem, 
aZtreonam, an aminoglycoside, amikacin, merpenem, 
ceftaZidime, chloramphenicol, ticarcillin/clavulanate, aZtre 
onam, imipenem, a polypeptide antibiotic, and/or mero 
penem. The polypeptide antibiotic may be of the polymyxin 
class of antibiotics. A broad range antibiotic may be used in 
the regimen. A broad range antibiotic may include levo?oxa 
cin or amoxycillin. An immune system suppressor may be 
any immune suppressing agent. The immune suppressing 
agent may be aZathioprine or mercaptopurine. An anti-diar 
rheal may be diphenoxylate, loperamide, and/or codeine. 
Subjects Who are dehydrated may be treated With a ?uid 
and/ or an electrolyte. The method of treating a subject iden 
ti?ed as having a predisposition to a boWel disease or a subject 
identi?ed as having a boWel disease may comprise adminis 
tering an agent that activates or reactivates expression or 
function of a BD marker. The method of treating a subject 
identi?ed as having a predisposition to a boWel disease or a 
subject identi?ed as having a boWel disease may comprise 
administering an agent that inhibits or represses expression or 
function of a BD marker. 

Also provided herein is a method of preventing boWel 
disease in a subject. The method may comprise determining 
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4 
Whether a subject has a predisposition for a boWel disease. If 
the subject has a predisposition for a boWel disease, admin 
istering an agent that activates or reactivates AKRlBlO gene 
expression and/or protein function in the subject. 
The method of treating a subject identi?ed as having a 

predisposition to a boWel disease or a subject identi?ed as 
having a boWel disease may comprise administering an agent 
that activates, or reactivates, expression and/ or function of an 
AKRlBlO gene or protein. 

Also provided herein is a method for monitoring the pro 
gression of boWel disease in a subject. The method may 
comprise providing a sample from a subject. A determination 
may be made as to Whether the sample comprises a boWel 
disease (“BD”) marker. The amount of a BD-marker in the 
subject sample may be measured and compared to an amount 
of the BD-marker as measured in a control sample. The 
method may comprise comparing the amount of the BD 
marker in the subject sample, obtained prior to administration 
of a boWel disease treatment, to the amount in a second 
subject sample, obtained after administration of a boWel dis 
ease treatment. The method may comprise comparing the 
amount of the BD-marker in the subject sample to the amount 
of BD-marker in a control sample, Wherein the control sample 
is taken from the subject being monitored and is taken at a 
time prior to When the subject sample is taken. The control 
sample may be taken minutes, hours, days, Weeks, months, or 
years prior to the subject sample being taken. One may deter 
mine progression of a boWel disease based upon a difference 
in the amount of the BD-marker in the subject sample and the 
amount of the BD-marker in the control sample, and/or sec 
ond subject sample. The control sample may be from a subject 
that does not have a boWel disease. The control sample may 
comprise protein and/or nucleic acid. The sample from the 
subject may comprise protein and/ or nucleic acid. The level, 
or extent, of monitoring may be predicated on a subject’s 
predisposition to boWel disease. A high-risk subject may 
require a higher level of, or more stringent, monitoring. 
The protein from the control and/or subject sample may 

comprise a BD marker. The protein BD-marker may be 
AKRlBlO protein. The amino acid sequence of the 
AKRlBlO protein may be SEQ ID N012. The protein BD 
marker may be an acrolein-protein adduct. 
The nucleic acid from the control and/or subject sample 

may comprise a BD-marker. The nucleic acid BD-marker 
may be a DNA, an mRNA, a SNP, and/or a mutation. The 
DNA or mRNA may encode AKRl B l 0. The DNA or mRNA 
may encode an acrolein-protein adduct. 
The boWel disease may be a colorectal disease, stomach 

disease, rectal disease, and/or a disease of the small intestine. 
The colorectal disease, stomach disease, rectal disease, and/ 
or disease of the small intestine may be chronic colorectal 
disease, chronic in?ammatory boWel disease, a malignant 
boWel disease, a cancer, neoplasia, dysplasia, adenoma, gas 
tritis, in?ammatory boWel disease, ulcerative colitis, and/or 
Crohn’ s disease. The cancer may be a colorectal cancer, stom 
ach cancer, cancer of the small intestine, and/ or cancer of the 
rectum. 

Also provided herein is a kit for performing a method for 
diagnosing severity of boWel disease in a subject, for identi 
fying a subj ect’s predisposition for boWel disease, and/or for 
performing a population survey to identify person at high risk 
for boWel disease. The kit may comprise a means for collect 
ing a DNA or protein sample, a means for detecting a BD 
marker, a control sample, and instructions for performing the 
method of diagnosis. The control sample may comprise 
nucleic acid and/ or protein from a subject that does not have 
a boWel disease. The kit may comprise one or more oligo 
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nucleotides, probes, and/ or primers. The oligonucleotides, 
siRNA, probes, and/or primers may be commercially avail 
able. The siRNA may be SEQ ID NO:1 and/or SEQ ID N012. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs adjacent para?in sections from a trauma 
patient. The sections Were stained With AKRl B10 and Ki-67 
antibodies. Ki-67 staining indicates the dividing cells. 

FIG. 2 shoWs real time RT-PCR for AKRlBlO mRNA 
levels (A). Western blot for AKRl B l 0 protein levels in cancer 
and matching normal tissues is shoWn in (B). 

FIG. 3 shoWs scoring forAKRlB l 0 expression in para?in 
embedded colorectal cancer tissues. 

FIG. 4 shoWs a punch of tissue microarray stained With 
AKRlBlO speci?c antibody, speci?cally demonstrating the 
loss of AKRlBlO protein in the tumor cells, but not in the 
adjacent non-tumor cells. 

FIG. 5 shoWs a Kaplan-Meier analysis of disease-associ 
ated survival. 

FIG. 6 shoWs a Western blot forAKRl B l 0 protein levels in 
in?ammatory tissues (A). A Western blot for acrolein-protein 
adduct levels in in?ammatory tissues is shoWn in (B). For 
both (A) and (B), CD, Crohn’ s disease; UC, ulcerative colitis; 
and N, normal. 

FIG. 7 shoWs a Western blot and immunocytochemistry 
analysis of AKRlBlO-downregulated HCT-8 cells (a human 
colon adenocarcinoma cell line). Cells Were analyZed for 
acrolein damage. In (A), a Western blot that shoWs AKRl B l 0 
knockdown. In (B), a Westernblot that shoWs acrolein-protein 
adducts. In (C), immunocytochemistry shoWing staining 
intensity of acrolein-protein adducts. 

FIG. 8 shoWs Western blot analyses for (A) AKRlBlO 
protein in gastrointestinal cancer and (B) AKRlBlO protein 
in gastrointestinal diseases. AKRl B l 0 protein Was undetect 
able or signi?cantly decreased in gastric, small intestine, and 
colorectal cancer, in?ammatory diseases, and adenomatous 
polyps. 

FIG. 9 shoWs Real-time RT-PCR results relating to 
decreased levels of AKRlBlO mRNA in gastric, small intes 
tine and colorectal cancer tissues. 

DETAILED DESCRIPTION 

The inventors have made the surprising discovery that 
there is an association betWeen boWel disease and certain 
protein and genetic markers. These markers, or boWel disease 
(“BD”)-markers, may be in one or more aldo-keto reductase 
genes and/ or in one or more regulators of aldo-keto reductase 
expression and/or function. The identi?cation of a 
BD-marker in a subject may be useful in predicting boWel 
disease progression and assessing the subject’s response to 
therapy and/or identifying a sub-population of people Who 
are at risk of a boWel disease. In addition, knoWledge of a 
particular marker associated With susceptibility to developing 
an in?ammation or a neoplastic disease may alloW one to 
customiZe the prevention or treatment in accordance With the 
subject’s genetic pro?le. Early detection of a BD-marker, or 
realiZation of a lack thereof, may alloW the subject to delay or 
prevent boWel disease, or to have more stringent monitoring 
of a boWel disease, such as chronic gastritis, chronic in?am 
matory boWel disease and/or malignant boWel disease. A 
subject Who has, or does not have, a BD-marker may be 
treated With an agent that activates BD marker expression or 
function, an agent that reactivates BD marker expression or 
function, chemotherapy, an antibiotic and/ or an anti-in?am 
matory regimen. 
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The ability to target populations expected to shoW the 

highest clinical bene?t, based on genetic or protein pro?le, 
may enable the repositioning of already marketed drugs, the 
rescue of drug candidates Whose clinical development has 
been discontinued as a result of safety or e?icacy limitations, 
Which may be patient sub-group-speci?c, and/or an acceler 
ated and less costly development of candidate therapeutics. 
The methods and materials described beloW use genetic 

and protein analyses to determine the level of, absence of, or 
presence of a BD-marker and reveal Whether a subject may 
have a boWel disease or Whether a subject may be predisposed 
to a boWel disease. 

1 . De?nitions 

The terminology used herein is for the purpose of describ 
ing particular embodiments only and is not intended to be 
limiting. As used in the speci?cation and the appended 
claims, the singular forms “a,” “and” and “the” include plural 
references unless the context clearly dictates otherWise. 

For the recitation of numeric ranges herein, each interven 
ing number there betWeen With the same degree of precision 
is explicitly contemplated. For example, for the range of 6-9, 
the numbers 7 and 8 are contemplated in addition to 6 and 9, 
and for the range 6.0-7.0, the number 6.0, 6.1, 6.2, 6.3, 6.4, 
6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contemplated. 

a. BoWel 

“BoWel” as used herein may mean a stomach, small and 
large intestine, a rectum, an alimentary canal extending from 
the stomach to the anus, a gall bladder, and/or bile duct. In 
humans and other mammals, the alimentary canal may con 
sist of four segments, the stomach, the small intestine, the 
large intestine, and the rectum. 

b. Fragment 
“Fragment” as used herein may mean a portion of a refer 

ence peptide or polypeptide or nucleic acid sequence. 
c. Identical 

“Identical” or “identity” as used herein in the context of 
tWo or more polypeptide or nucleotide sequences, may mean 
that the sequences have a speci?ed percentage of residues or 
nucleotides that are the same over a speci?ed region. The 
percentage may be calculated by optimally aligning the tWo 
sequences, comparing the tWo sequences over the speci?ed 
region, determining the number of positions at Which the 
identical residue occurs in both sequences to yieldthe number 
of matched positions, dividing the number of matched posi 
tions by the total number of positions in the speci?ed region, 
and multiplying the result by 100 to yield the percentage of 
sequence identity. In cases Where the tWo sequences are of 
different lengths or the alignment produces one or more stag 
gered ends and the speci?ed region of comparison includes 
only a single sequence, the residues of single sequence are 
included in the denominator but not the numerator of the 
calculation. 

d. Label 
“Label” or “detectable label” as used herein may mean a 

moiety capable of generating a signal that alloWs the direct or 
indirect quantitative or relative measurement of a molecule to 
Which it is attached. The label may be a solid such as a 
microtiter plate, particle, microparticle, or microscope slide; 
an enZyme; an enZyme substrate; an enZyme inhibitor; coen 
Zyme; enzyme precursor; apoenZyme; ?uorescent substance; 
pigment; chemiluminescent compound; luminescent sub 
stance; coloring substance; magnetic substance; or a metal 
particle such as gold colloid; a radioactive substance such as 
125I, 131I, 32F, 3H, 35S, or 14C; a phosphorylated phenol 
derivative such as a nitrophenyl phosphate, luciferin deriva 
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tive, or dioxetane derivative; or the like. The enzyme may be 
a dehydrogenase; an oxidoreductase such as a reductase or 

oxidase; a transferase that catalyzes the transfer of functional 
groups, such as an amino; carboxyl, methyl, acyl, or phos 
phate group; a hydrolase that may hydrolyzes a bond such as 
ester, glycoside, ether, or peptide bond; a lyases; an 
isomerase; or a ligase. The enzyme may also be conjugated to 
another enzyme. 

The enzyme may be detected by enzymatic cycling. For 
example, When the detectable label is an alkaline phos 
phatase, a measurement may be made by observing the ?uo 
rescence or luminescence generated from a suitable substrate, 
such as an umbelliferone derivative. The umbelliferone 
derivative may comprise 4-methyl-umbellipheryl phosphate. 

The ?uorescent or chemiluminescent label may be a ?uo 
rescein isothiocyanate; a rhodamine derivative such as 
rhodamine B isothiocyanate or tetramethyl rhodamine 
isothiocyanate; a dancyl chloride (5-(dimethylamino)-1 
naphtalenesulfonyl chloride); a dancyl ?uoride; a ?uores 
camine (4-phenylspiro[furan-2(3H); 1y-(3yH)-isobenzofu 
ran]-3;3y-dione); a phycobiliprotein such as a phycocyanine 
or physoerythrin; an acridinium salt; a luminol compound 
such as lumiferin, luciferase, or aequorin; imidazoles; an 
oxalic acid ester; a chelate compound of rare earth elements 
such as europium (Eu), terbium (Tb) or samarium (Sm); or a 
coumarin derivative such as 7-amino-4-methylcoumarin. 

The label may also be a hapten, such as adamantine, ?uo 
roscein isothiocyanate, or carbazole. The hapten may alloW 
the formation of an aggregate When contacted With a multi 
valent antibody or (strep)avidin containing moiety. The hap 
ten may also alloW easy attachment of a molecule to Which it 
is attached to a solid substrate. 

The label may be detected by quantifying the level of a 
molecule attached to a detectable label, such as by use of 
electrodes; spectrophotometric measurement of color, light, 
or absorbance; or visual inspection. 

e. Substantially Identical 
“Substantially identical,” as used herein may mean that a 

?rst and second protein or nucleotide sequence are at least 
50%-99% identical over a region of 8-100 or more amino 
acids nucleotides. 

2. Methods of Diagnosis and Monitoring 

Provided herein is a method of determining a subject’s 
predisposition for a boWel disease. The method may measure 
a biomarker level in a subject sample and compare the level to 
the biomarker level in a control sample. The subject may be 
predisposed to boWel disease if the biomarker in the subject 
sample is absent, or if the level of the biomarker in the subject 
sample is loWer or higher than the level of the biomarker in the 
control sample. The subject’s predisposition may increase as 
the difference betWeen the amount of the biomarker in the 
subject sample and the amount of the biomarker in the control 
sample increases. An alternative method for determining a 
subject’ s predisposition for boWel disease may comprise pro 
viding a sample from a subject; and measuring for a BD 
marker in the subject sample, Wherein the subject is predis 
posed to boWel disease if the BD-marker is not present in the 
subject sample. The method of determining a subject’s pre 
disposition for a boWel disease may be part of a population 
survey to identify those persons at risk for, or have, a boWel 
disease. 

Also provided herein is a method of detecting boWel dis 
ease in a subject. The method may comprise measuring a 
biomarker expression level in a subject sample and compar 
ing the level to the biomarker expression level in a control 
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sample. The subject may have a boWel disease if the biomar 
ker is not present in the subject sample, or if the amount of the 
biomarker in the subject sample is loWer or higher than the 
amount of the biomarker in the control sample. 

Also provided herein is a method of monitoring a subject 
for boWel disease. The subject may have been determined to 
have a predisposition for boWel disease. The subject may 
already have a boWel disease. It may be desirable to measure 
the effects of treatment on the boWel disease by treating the 
patient using a method comprising monitoring the boWel 
disease. Monitoring for boWel disease may include measur 
ing for the presence, absence, or level of a protein marker or 
nucleic acid marker in a subject sample, measuring the for the 
presence, absence, or level of the protein marker or nucleic 
acid in a control sample, and determining the progression of 
the boWel disease When there is a difference betWeen the 
amount of the protein or nucleic acid marker in the subject 
sample and the protein or nucleic acid marker in the control 
sample. The control sample may be sample from the subject 
that Was taken prior to administration of a treatment. The 
control sample may be from a normal, healthy subject or from 
a subject that does not have a boWel disease. 

Also provided herein is a method of identifying a subject as 
having a high risk for a boWel disease. The method may be 
part of a population survey to identify those subjects having a 
high risk for a boWel disease. The method may measure a 
biomarker level in a subject sample and compare the level to 
the biomarker level in a control sample. The subject may be at 
high risk for boWel disease if the biomarker in the subject 
sample is absent, or if the level of the biomarker in the subject 
sample is loWer or higher than the level of the biomarker in the 
control sample. The subj ect’s risk for boWel disease may 
increase as the difference betWeen the amount of the biomar 
ker in the subject sample and the amount of the biomarker in 
the control sample increases. An alternative method for deter 
mining a subj ect’s risk for boWel disease may comprise pro 
viding a sample from a subject; and measuring for a BD 
marker in the subject sample, Wherein the subject is at high 
risk for boWel disease if the BD-marker is not present in the 
subject sample. 

In any of the methods described herein, the biomarker in a 
subject sample may be at least 1.5-fold, 2-fold, 2.5-fold, 
3-fold, 3.5-fold, 4-fold, 4.5-fold, 5-fold, 5.5-fold, 6-fold, 6.5 
fold, 7-fold, 7.5-fold, 8-fold, 8.5-fold, 9-fold, 9.5-fold, 
10-fold, 10.5-fold, 11-fold, 11.5-fold, 12-fold, 12.5-fold, 
13-fold, 13.5-fold, 14-fold, 14.5-fold, 15-fold, 20-fold, 
25-fold, 30-fold, 35-fold, 40-fold, 45-fold, 50-fold, 55-fold, 
60-fold, 65-fold, or 70-fold less, or more, than the biomarker 
in the control sample. 

In any of the methods described herein, the biomarker in a 
subject sample may be betWeen 1% and 10%, betWeen 11% 
and 20%, betWeen 21% and 30%, betWeen 31% and 40%, 
betWeen 41% and 50%, betWeen 51% and 60%, betWeen 61% 
and 70%, or betWeen 1% and 40% less, or more, than the 
biomarker in the control sample. In any of the methods 
described herein, the biomarker in a subject sample may be at 
least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 45%, 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% less, or more, 
than the biomarker in the control sample. 

a. BD-Marker 

The biomarker may be a boWel disease (BD) marker. The 
boWel disease marker may be a genetic marker. The detection 
of the presence or absence of a genetic marker, or the detec 
tion of a genetic marker level or quantity, or lack thereof, in a 
nucleic acid-containing sample from the subject may be 
indicative of a predisposition for a boWel disease. The genetic 
marker may be a nucleic acid. The nucleic acid may be DNA 
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or RNA. The RNA may be mRNA. The nucleic acid may 
encode a protein that regulates the activity and/or expression 
of an aldo-keto reductase, such as C-fos and/or C-jun. C-fos 
and/ or C-jun may upregulate AKRl B10 gene expression. The 
nucleic acid may encode an aldo-keto reductase gene (SEQ 
ID NO:1). The aldo-keto reductase gene may be aldo-keto 
reductase family 1 B10 (AKRlBlO). 

The genetic marker may be a mutation. The mutation may 
be a polymorphism, a deletion, a substitution, an insertion, 
and/ or a frameshift mutation. The mutation may be in a gene 
that encodes a protein that regulates the activity and/or 
expression of an aldo-keto reductase. The mutation may be in 
an aldo-keto reductase gene. The aldo-keto reductase gene 
may be aldo-keto reductase family 1 B10 (AKRlBlO). The 
polymorphism may be a single nucleotide polymorphism 
(SNP). The marker may be detected as a SNP or a fragment 

1 0 
tase may be aldo-keto reductase family 1 B10 (AKRBlO). 
The protein BD-marker may be a protein that regulates the 
activity and/or expression of an aldo-keto reductase. The 
protein marker may be an acrolein-protein adduct. 
The determination of Whether a subject is at high risk of a 

boWel disease, predisposed to a boWel disease, or the diagno 
sis of a subject having boWel disease, may be based upon the 
detection of the protein or genetic marker in combination With 
one or more other markers. The one or more other markers 

may be a protein or genetic marker. The one or more other 
protein or genetic markers may be carcinoembryonic antigen 
(CEA), acrolein-protein adduct, carbohydrate antigen (CA) 
19-9, carbohydrate antigen (CA) 72-4, tissue polypeptide 
antigen (TPA), p53 mutation, K-ras mutation, and/or any 
other diagnosed chromosomal mutation, deletion, or translo 
cation. 

TABLE 1 

SEQUENCE SEQ ID NO. 

AKRlBlO DNA SEQUENCE: 
caaaaacagc aacagaaagc 
gcaccaacca tggccacgtt 
ctgggcactt ggaagtctcc 
gcaggatatc ggcacattga 
gccatccaag agaagatcca 
aagttgtggc ccactttctt 
aaggacctga agctgagcta 
tctggggatg accttttccc 
ttcttggatg cctgggaggc 
ggggtctcca atttcagcca 
tataaaccag tgactaacca 
cagtactgcc actccaaggg 
agaccttggg ccaagccaga 
gctgcaaagc acaaaaaaac 

gtgattgtca tccccaagtc 
gactttaaat tgagtgatga 
gcctgtaacg tgttgcaatc 
ggttgaatct cctggtgaga 
ctccactcat gtcccatttt 
atagacgaga atcgaggtgc 
aatatcacag aaaagcatgg 
agaacaaatg tttattaagc 
aaaaaaataa taatcat 

AKRlBlO AMINO ACID SEQUENCE: 

aggacgtgag 
tgtggagctc 
tctcggcaaa 
ctgtgcctat 
agagaaggct 
tgagagaccc 
tctggacgtc 
caaagatgat 
catggaggag 
cttccagatc 
ggttgagtgt 
catcaccgtt 
agacccttcc 
cgcagcccag 
tgtgacacca 
ggagatggca 
ctctcatttg 
ttatacagga 
agccaagctt 
tgttttagac 
cttgaataag 
atcagaaact 

SEQ ID NO: 1 
aatcatttct 

cattgtgggc 
ggccattgat 
agtgggggaa 
catcgtcagc 
gaagaccctc 
gggattcaag 
aaaagcaacg 
gaaagccctt 
tggactgaaa 
gaaactgatc 
ctctccggat 
taaggagatt 
ccagaggaat 
tcaggtcttt 
aaactggagg 
agaatattga 
gtgtgactac 
tagtcctgtt 
ctaggatcag 
ttatctgatc 
aagatcaata 

acttctacct 

agtaccaaag 
gtgaaagaag 
gtctatcaga 
gtgaagcggg 
cttgtgagga 
tatcttattc 

aaaggtaatg 
Ctggtggatg 
gagaagctct 
cacccatacc 

acggcctaca 
Ctgctggagg 
gttctgatcc 
gcacgcattg 
accatactca 

gaagactatc 
gattctcttt 
atttaagatc 
atttatttct 

gaaatgacaa 
ctgccaacac 

gctcactcag 
ccaagatgcc 
cagtgaaggt 
atgaacatga 
aggacctgtt 
aagcctttga 
actggccaca 
ccatcggtgg 
aggggctggt 
tgaacaaacc 
tcacgcagga 
gccccctggg 
atcccaagat 
gtttccatat 
ttgagaacat 
gcttcaacag 
ccttcgatgc 
cttcgctgaa 
acagtgaact 
gtatgttcaa 
ttttttccac 

tgaggatgta 

SEQ ID NO: 2 

MATFVELSTKAKMPIVGLGTWKSPLGKVKEAVKVAIDAGYRHIDCAYVYQN 
EHEVGEAIQEKIQEKAVKREDLFIVSKLWPTFFERPLVRKAFEKTLKDLKLSYL 

YSPLGSPDRPWAKPEDPSLLEDPKIKEIAAKHKKTAAQVLIRFHIQRNVIVIPKS 
VTPARIVENIQVFDFKLSDEEMATILSFNRNWRACNVLQSSHLEDYPFDAEY 

thereof. The fragment may be betWeen 10 and 500 nucle 
otides, betWeen 50 and 400 nucleotides, betWeen 100 and 300 
nucleotides, betWeen 200 and 250 nucleotides, betWeen 10 
and 50 nucleotides, betWeen 10 and 20 nucleotides, betWeen 
10 and 30 nucleotides, or betWeen 10 and 40 nucleotides in 
length. 

Within a population, a mutation may be assigned a minor 
allele frequency. There may be variations betWeen subject 
populations. A marker that is common in one geographical or 
ethnic group may be more rare in another. The marker may be 
overrepresented or underrepresented in a group of subjects. 
Subjects may be divided into groups on the basis of age, 
sex/ gender, and/or race. 
The BD-marker may be a protein marker. The detection of 

the presence or absence of a protein marker, or the detection 
of a protein marker level or quantity, or lack thereof, in a 
protein-containing sample from the subject may be indicative 
of a predisposition for a boWel disease. The protein BD 
marker may be an aldo-keto reductase. The aldo-keto reduc 

50 
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b. BoWel Disease 
The boWel disease may be a colorectal disease, stomach 

disease, rectal disease, and/or a disease of the small intestine. 
The colorectal disease, stomach disease, rectal disease, and/ 
or disease of the small intestine may be chronic colorectal 
disease, chronic in?ammatory boWel disease, a malignant 
boWel disease, a cancer, neoplasia, dysplasia, adenoma, gas 
tritis, in?ammatory boWel disease, ulcerative colitis, and/or 
Crohn’ s disease. The cancer may be a colorectal cancer, stom 
ach cancer, cancer of the small intestine, and/ or cancer of the 
rectum. 

c. Subject 
The subject may be a human. The human may be healthy. 

The human may not exhibit symptoms of an illness. The 
human may be ill. The illness may be constipation, thin stool, 
stomach cramps, hematocheZia, unexplained Weight loss, a 
consistent sense of fullness, nausea and/or vomiting, and/or 
lethargy. The human may be diagnosed With having a non- or 
pre-malignant groWth or dysplasia. The non- or pre-malig 
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nant growth may be an adenomatous polyp. The illness, non 
or pre-malignant growth, or dysplasia, may result from any 
mutation in a nucleotide sequence that results in an alteration 
in the expression level of a genetic marker or a protein marker. 
The resultant level or amount of the marker may be loWer or 
higher than the level of the marker in a control. The resultant 
level may be non-existent as compared to the level of the 
marker in a control. The control may be a sample from a 
subject that does not have a boWel disease. 

d. Sample 
The sample may be a subject sample and/or a control 

sample. The sample may comprise nucleic acid and/or protein 
from a subject. The nucleic acid may be DNA or RNA. The 
nucleic acid may be genomic. The sample may be used 
directly as obtained from the subject or folloWing pretreat 
ment to modify a character of the sample. Pretreatment may 
include extraction, concentration, inactivation of interfering 
components, and/or the addition of reagents. The subject and 
control sample may be derived from the same organism but 
may also be derived from different organisms/individuals. 
The subject sample may comprise tissue cultures or cell cul 
tures. The subject and/or control sample may comprise the 
same kind of cell(s) and/or tissue(s). 
Any cell type, tissue, or bodily ?uid may be utilized to 

obtain a sample. Such cell types, tissues, and ?uid may 
include sections of tissues such as biopsy and autopsy 
samples, frozen sections taken for histologic purposes, blood, 
plasma, serum, sputum, stool, tears, mucus, saliva, hair, and 
skin. Cell types and tissues may also include gastrointestinal 
cells or ?uid, in?ammatory tissue, premalignant adenomas, 
colorectal cancer, lymph ?uid, ascetic ?uid, gynecological 
?uid, urine, peritoneal ?uid, cerebrospinal ?uid, a ?uid col 
lected by vaginal rinsing, or a ?uid collected by vaginal 
?ushing. A tissue or cell type may be provided by removing a 
sample of cells from an organism, but can also be accom 
plished by using previously isolated cells (e.g., isolated by 
another person, at another time, and/ or for another purpose). 
Archival tissues, such as those having treatment or outcome 
history, may also be used. The tissue may be a gastric cancer 
tissue, a small intestine cancer tissue, and/or an in?amed 
tissue. The sample may be frozen, formalin-?xed, and/or 
paraf?n-embedded. Nucleic acid puri?cation may not be nec 
essary. 

e. Detection 

The BD-marker may be detected in a sample derived from 
the patient. Many methods are available for detecting a 
marker in a subject and may be used in conjunction With the 
herein described methods. These methods may depend upon 
Whether the BD-marker is a genetic or protein marker. 

Genetic marker detection methods may include large-scale 
SNP genotyping, exonuclease-resistant nucleotide detection, 
solution-based methods, genetic bit analyses, primer guided 
nucleotide incorporation, reverse transcription PCR (rtPCR), 
real-time rtPCR, allele speci?c hybridization, transcription 
based methods and analyses, reverse transcription methods 
and analyses, Northern blot methods, in situ hybridization, in 
vitro ampli?cation, and other techniques. Any method of 
detecting a marker may use a labeled oligonucleotide. 

Protein marker detection methods may include immunoas 
says, such as ELISA, immunohistochemistry, in situ immu 
nohi stochemistry, and radioimmunoas say, Which utilize anti 
bodies speci?c for the protein of interest; mass spectrometry; 
electrophysiological techniques to detect protein from spe 
ci?c cells; expression pro?ling; immunohistochemistry; 
Western blot methods and analysis; microarray analysis; and 
immuno-polymerase chain reaction (immuno-PCR). Stan 
dard labeling methods may include ?uorescence, radioiso 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
topes, and enzymes such as peroxidase and phosphatase. In 
addition, secondary antibodies may be biotinylated to 
increase sensitivity. Any protein marker detection method 
may use an antibody that binds AKR1B10. Any protein 
marker detection method may use an antibody that binds an 
acrolein-protein adduct. The antibody may speci?cally bind 
to human AKRl B10. The antibody may speci?cally bind to a 
human acrolein-protein adduct. The antibody may comprise 
polyclonal antisera. The antibody may be a monoclonal anti 
body. The antibody may be one as disclosed in WO 2008/ 
101 184 (PCT/US2008/054124), Whichis incorporated herein 
by reference in its entirety. 

(1) Large Scale SNP Genotyping 
Large scale SNP genotyping may include any of dynamic 

allele-speci?c hybridization (DASH), microplate array 
diagonal gel electrophoresis (MADGE), pyrosequencing, 
oligonucleotide-speci?c ligation, or various DNA “chip” 
technologies such as Affymetrix SNP chips. These methods 
may require ampli?cation of the target genetic region. Ampli 
?cation may be accomplished via polymerase chain reaction 
(PCR). 

(2) Exonuclease-Resistant Nucleotide 
BD-markers may be detected using a specialized exonu 

clease-resistant nucleotide, as described in US. Pat. No. 
4,656,127, Which is incorporated herein by reference. A 
primer complementary to the allelic sequence immediately 3' 
to the polymorphic site may be permitted to hybridize to a 
target molecule obtained from the subject. If the polymorphic 
site on the target molecule contains a nucleotide that is 
complementary to the particular exonuclease-resistant nucle 
otide derivative present, then that derivative may be incorpo 
rated onto the end of the hybridized primer. Such incorpora 
tion may render the primer resistant to exonuclease, and 
thereby permit its detection. Since the identity of the exonu 
clease-resistant derivative of the sample may be knoWn, a 
?nding that the primer has become resistant to exonuclease 
reveals that the nucleotide present in the polymorphic site of 
the target molecule Was complementary to that of the nucle 
otide derivative used in the reaction. This method may not 
require the determination of large amounts of extraneous 
sequence data. 

(3) Solution-Based Method 
A solution-based method may be used to determine the 

identity of a BD-marker, as described in PCT Application No. 
WO91/02087, Which is herein incorporated by reference. A 
primer may be employed that is complementary to allelic 
sequences immediately 3' to a polymorphic site. The method 
may determine the identity of the nucleotide of that site using 
labeled dideoxynucleotide derivatives that, if complementary 
to the nucleotide of the polymorphic site, Will become incor 
porated onto the terminus of the primer. 

(4) Genetic Bit Analysis 
Genetic bit analysis may use mixtures of labeled termina 

tors and a primer that is complementary to the sequence 3' to 
a polymorphic site. A labeled terminator may be incorpo 
rated, Wherein it is determined by and complementary to, the 
nucleotide present in the polymorphic site of the target mol 
ecule being evaluated. The primer or the target molecule may 
be immobilized to a solid phase. 

(5) Primer-Guided Nucleotide Incorporation 
A primer-guided nucleotide incorporation procedure may 

be used to assay for a BD-marker in a nucleic acid, as 
described in Nyren, P. et al., Anal. Biochem. 208:171-175 
(1993), Which is herein incorporated by reference. Such a 
procedure may rely on the incorporation of labeled deoxy 
nucleotides to discriminate betWeen bases at a polymorphic 
site. In such a format, since the signal is proportional to the 
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number of deoxynucleotides incorporated, polymorphisms 
that occur in runs of the same nucleotide may result in signals 
that are proportional to the length of the run. 

(6) Allele Speci?c Hybridization 
Allele speci?c hybridization may be used to detect a BD 

marker. This method may use a probe capable of hybridizing 
to a target allele. The probe may be labeled. A probe may be 
an oligonucleotide. The target allele may have betWeen 3 and 
50 nucleotides around the marker. The target allele may have 
betWeen 5 and 50, betWeen 10 and 40, betWeen 15 and 40, or 
betWeen 20 and 30 nucleotides around the marker. A probe 
may be attached to a solid phase support, e.g., a chip. Oligo 
nucleotides may be bound to a solid support by a variety of 
processes, including lithography. A chip may comprise more 
than one allelic variant of a target region of a nucleic acid, 
e.g., allelic variants of tWo or more polymorphic regions of a 
gene. 

(7) Real-Time RT-PCR 
Real-time RT-PCR may be used to detect a BD-marker. By 

using reverse transcriptase to convert mRNA into comple 
mentary DNA (cDNA), Which is then ampli?ed by PCR and, 
again analyzed by agarose gel electrophoresis, one may quan 
titate mRNA level(s) in a sample. Real-time RT-PCR may 
quantitate reaction products for each sample in every PCR 
cycle. The result may be a broad 107-fold dynamic range. 
Data analysis, including standard curve generation and copy 
number calculation, may be performed automatically. 

Different chemistries may be used for real-time RT-PCR. 
Four different chemistries, TaqMan® (Applied Biosystems, 
Foster City, Calif., USA), Molecular Beacons, Scorpions® 
and SYBR® Green (Molecular Probes), are available for 
real-time PCR. Each of these chemistries alloWs detection of 
PCR products via the generation of a ?uorescent signal. 

(8) Western Blot and ELISA 
Western blot and/or enzyme-linked immunosorbent assays 

(ELISA) may be used to detect a BD-marker. Both techniques 
are Well knoWn in the art. Western blotting may use gel 
electrophoresis to separate native or denatured proteins via 
the length of the polypeptide (denaturing conditions) or by 
the 3-D structure of the protein (native/non-denaturing con 
ditions). The proteins may then be transferred to a membrane 
Where they may be detected using antibodies speci?c to the 
target protein. 

Other related techniques include using antibodies to detect 
proteins in tissues and cells by immunostaining and enzyme 
linked immunosorbent assay (ELISA). The purpose of an 
ELISA is to determine if a particular protein is present in a 
sample and if so, hoW much. 

(9) Other Genetic Marker Detection Techniques 
Examples of other techniques for detecting alleles include 

selective oligonucleotide hybridization, selective ampli?ca 
tion, or selective primer extension. Oligonucleotide primers 
may be prepared in Which the knoWn mutation or nucleotide 
difference is placed centrally and then hybridized to target 
DNA under conditions Which permit hybridization if a perfect 
match is found. Such allele speci?c oligonucleotide hybrid 
ization techniques may be used to test one mutation or poly 
morphic region per reaction When oligonucleotides are 
hybridized to PCR ampli?ed target DNA or a number of 
different mutations or polymorphic regions When the oligo 
nucleotides are attached to the hybridizing membrane and 
hybridized With labeled target DNA. 

Allele speci?c ampli?cation technology that depends on 
selective PCR ampli?cation may be used in conjunction With 
the instant invention. Oligonucleotides used as primers for 
speci?c ampli?cation may carry the mutation or polymorphic 
region of interest in the center of the molecule. Ampli?cation 
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may then depend on differential hybridization, as described in 
Gibbs et al. (1 989) Nucleic Acids Res. 17:2437-2448), Which 
is herein incorporated by reference, or at the extreme 3' end of 
one primer Where, under appropriate conditions, mismatch 
can prevent, or reduce polymerase extension. 

Direct DNA sequencing, either manual sequencing or 
automated ?uorescent sequencing may detect sequence 
variation. Another approach is the single-stranded conforrna 
tion polymorphism assay (SSCP), as described in Orita M, et 
al. (1989) Proc. Natl.Acad. Sci. USA 86:2766-2770, Which is 
incorporated herein by reference. The fragments that have 
shifted mobility on SSCP gels may be sequenced to deter 
mine the exact nature of the DNA sequence variation. Other 
approaches based on the detection of mismatches betWeen the 
tWo complementary DNA strands include clamped denatur 
ing gel electrophoresis (CDGE), as described in Shef?eld V 
C, et al. (1991) Am. J. Hum. Genet. 49:699-706, Which is 
incorporated herein by reference; heteroduplex analysis 
(HA), as described in White M B, et al. (1992) Genomics 
12:301-306, Which is incorporated herein by reference; and 
chemical mismatch cleavage (CMC) as described in Grompe 
M, et al., (1989) Proc. Natl. Acad. Sci. USA 86:5855-5892, 
Which is herein incorporated by reference. A revieW of cur 
rently available methods of detecting DNA sequence varia 
tion can be found in a revieW by Grompe (1993), Which is 
incorporated herein by reference. Grompe M (1993) Nature 
Genetics 5:111-117. Once a mutation is knoWn, an allele 
speci?c detection approach such as allele speci?c oligonucle 
otide (ASO) hybridization can be utilized to rapidly screen 
large numbers of other samples for that same mutation. Such 
a technique can utilize probes that may be labeled With gold 
nanoparticles to yield a visual color result as described in 
Elghanian R, et al. (1997) Science 277: 1078-1081, Which is 
herein incorporated by reference. 
A rapid preliminary analysis to detect polymorphisms in 

DNA sequences can be performed by looking at a series of 
Southern blots of DNA cut With one or more restriction 
enzymes, preferably With a large number of restriction 
enzymes. 

(10) Immuno-PCR and Protein Marker Detection 
Immuno-PCR provides an extremely sensitive method to 

detect proteins. See Sano et al., 1992 Science, 258:120-122. 
In immuno-PCR, a linker molecule With bi-speci?c binding 
a?inity for DNA and antibody is used to attach a marker DNA 
molecule speci?cally to an antigen-antibody complex, thus 
resulting in the formation of a speci?c antigen-antibody 
DNA conjugate. The attached marker DNA can be ampli?ed 
by PCR With the appropriate primers. The presence of spe 
ci?c size PCR products demonstrates that marker DNA mol 
ecules are attached speci?cally to antigen-antibody com 
plexes thereby indicating the presence of antigen. Antigen is 
immobilized on the surface of microtiter plates and then 
detected by immuno-PCR. Using this technique, an approxi 
mately 105 increase in sensitivity over an alkaline phos 
phatase conjugated ELISA may be obtained. Sensitivity 
advantages of immuno-PCR have subsequently been con 
?rmed in assays for mouse anti-lipoprotein IgG (Ruzicka et 
al., 1993 Science, 260:698-699); a human proto-oncogene 
protein (Zhou et al., 1993 Nucleic Acid Res., 21 :6038-6039); 
and tumor necrosis factor alpha (Sanna et al., 1995 Proc. Natl. 
Acad. Sci., 92:272-275). 
More recent reports have described advancements in 

immuno-PCR technology. See, for example, Joerger et al., 
1995 Clin. Chem., 41(9): 1371-1377. Double-stranded DNA 
labels may be directly attached to antibodies thus alloWing 
conjugate reagents to be prepared before the assay. A double 
determinant immuno polymerase chain reaction (double-de 
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terminant immuno-PCR) utilizes tWo monoclonal antibodies, 
in Which the antigens are sandwiched, and a speci?c DNA 
molecule is used as a marker. See Suzuki et al., 1995 Jpn. J. 
Cancer Res., 86:885-889. Instead of the antigen itself, the ?rst 
monoclonal antibody to bind the circulating antibody is 
immobilized, the biotinylated second monoclonal antibody is 
bound to the antigen and free streptavidin is used to attach a 
biotinylated DNA to the second monoclonal antibody. The 
biotinylated DNA complexed With antigen-antibody-strepta 
vidin is ampli?ed by PCR, and the products analyzed by 
Southern blot analysis. 

f. Ampli?cation of Genetic Marker 
Any method of detection may incorporate a step of ampli 

fying the BD-marker. A BD-marker may be ampli?ed and 
then detected. Nucleic acid ampli?cation techniques may 
include cloning, polymerase chain reaction (PCR), reverse 
transcription PCR (rtPCR), real-time rtPCR, PCR of speci?c 
alleles (ASA), ligase chain reaction (LCR), nested poly 
merase chain reaction, self-sustained sequence replication, 
transcriptional ampli?cation system, and Q-Beta Replicase, 
as described in KWoh, D. Y. et al., 1988, Bio/Technology 
6:1 197, Which is incorporated herein by reference. 

Ampli?cation products may be assayed by size analysis, 
restriction digestion folloWed by size analysis, detecting spe 
ci?c tagged oligonucleotide oligonucleotide primers in reac 
tion products, allele-speci?c oligonucleotide (ASO) hybrid 
ization, allele speci?c 5' exonuclease detection, sequencing, 
and/ or hybridization. 

PCR-based detection means may include ampli?cation of a 
plurality of markers simultaneously. PCR primers may be 
selected to generate PCR products that do not overlap in size 
and may be analyzed simultaneously. Alternatively, one may 
amplify different markers With primers that are differentially 
labeled. Each marker may then be differentially detected. 
Hybridization-based detection means may alloW the differ 
ential detection of multiple PCR products in a sample. 

Nucleic acid primers and/or oligonucleotides may be used 
in conjunction With any of the herein described methods 
and/ or kits. The oligonucleotides or primers may be present in 
the herein described kits and/or used in the herein described 
methods: 
A probe or oligonucleotide may comprise a SNP corre 

sponding to the genetic marker., Wherein the fragment com 
prises the corresponding SNP. The fragment may be betWeen 
10 and 500 nucleotides, betWeen 50 and 400 nucleotides, 
betWeen 100 and 300 nucleotides, betWeen 200 and 250 
nucleotides, betWeen 10 and 50 nucleotides, betWeen 10 and 
20 nucleotides, betWeen 10 and 30 nucleotides, orbetWeen 10 
and 40 nucleotides in length. 
Any probe, primer, and/or oligonucleotide used as 

described herein and related to an AKR1B10 sequence, for 
example, may be purchased from a commercial molecular 
biology reagent supplier (for example, Applied Biosystems, 
catalog no. Hs00252524 m1) 

3. Method of Treatment 

In any patient that carries the BD-marker, an assessment 
may be made as to Whether the subject is an early disease 
subject, Wherein, for example, dysplasia has not occurred, or 
Whether the subject has a dysplasia-associated lesion or mass. 
The assessment may indicate an appropriate course of pre 
ventative or maintenance anti-in?ammatory, chemotherapy, 
and/or antibiotic therapy. These therapies may be adminis 
tered in different clinical settings during the life of a subject: 
(1) during early disease a subject may receive anti-in?amma 
tories to delay onset of a boWel disease; (2) after a subject has 
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been diagnosed With having boWel disease, chemotherapy 
and/or anti-in?ammatories and/or antibiotics, for example, 
may be administered to sloW any decline in gastrointestinal 
function and reduce frequency and morbidity of gastrointes 
tinal exacerbations; and/ or (3) during periodic exacerbations 
in gastrointestinal symptoms, Wherein intensive antibiotic 
and/or chemotherapy and/ or anti-in?ammatory regimens 
may be administered to relieve symptomatology and restore 
gastrointestinal function to baseline values. The BD-marker 
may be used as a prevention or treatment target by activating 
or reactivating its gene expression and/ or protein function. 

a. Predictive Treatment 

Provided herein is a method of treating a subject having a 
BD-marker. Anti-in?ammatories may be administered to the 
subject to prevent or delay onset of boWel disease. Antibiotics 
may be administered to the subject to prevent or delay onset 
of bacterial infection. The subject may be undergoing treat 
ment for a gastrointestinal condition. 
The treatment of a subject With a particular therapeutic 

may be monitored by determining protein level, mRNA level, 
and/or transcriptional level of a gene. The gene may encode 
an aldo-keto reductase. The gene may be an AKRl B 1 0 gene. 
Depending on the level detected, the therapeutic regimen may 
be maintained or adjusted. The effectiveness of treating a 
subject With an agent may comprise (1) obtaining a pread 
ministration sample from a subject prior to administration of 
the agent; (2) detecting the level or amount of a protein, RNA 
or DNA in the preadministration sample; (3) obtaining one or 
more post-administration samples from the subject; (4) 
detecting the level of expression or activity of the protein, 
RNA or DNA in the postadministration sample; (5) compar 
ing the level of expression or activity of the protein, RNA or 
DNA in the preadministration sample With the corresponding 
protein, RNA, or DNA in the postadministration sample, 
respectively; and (6) altering the administration of the agent 
to the subject accordingly. 

Cells of a subject may be obtained before and after admin 
istration of a therapeutic to detect the level of expression of 
genes other than the gene of interest to verify that the thera 
peutic does not increase or decrease the expression of genes 
that could be deleterious. Veri?cation may be accomplished 
by transcriptional pro?ling. mRNA from cells exposed in 
vivo to a therapeutic and mRNA from the same type of cells 
that Were not exposed to the therapeutic may be reverse tran 
scribed and hybridized to a chip containing DNA from many 
genes. The expression of genes in the treated cells may be 
compared against cells not treated With the therapeutic. 
The BD-marker may be used as a marker to identify high 

risk subjects such that early intervention may be used to 
prevent or delay onset of a boWel disease. 

b. Maintenance Therapy 
Appropriate chemotherapy and/ or anti-in?ammatory 

therapy may be essential steps in the management of boWel 
disease. Selection of a treatment regimen for any given sub 
ject in any given setting may be based on periodic identi?ca 
tion of surface projections in the gastrointestinal tract. The 
surface projection may be a dysplasia lesion, an in?amed 
tissue, or a premalignant adenoma. The presence of a surface 
lesion, or dysplasia associated lesion, or mass may be indica 
tive of an underlying or associated cancer. Anti-in?ammato 

ries and/or antibiotics and/ or immune system suppressors 
may be used for outpatient management of boWel disease 
and/or for the treatment of bacteria associated With gas 
trointestinal exacerbations. 
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c. Antibiotics, Anti-in?ammatories, and Immune Suppres 
sors 

An antibiotic may be selected from the following: an ami 
noglycoside, amoxicillin, levo?oxacin, dicloxacillin, cephal 
exin, amoxicillin/clavulanate, erythromycin, clarithromycin, 
aZithromycin, clindamycin, cefuroxime axetil, cefproZil, 
ce?xime, cefpodoxime proxetil, loracarbef, cipro?oxacin, 
tobramycin, colistin, trimethoprim/sulfamethoxaZole, doxy 
cycline, minocycline, cefaZolin, nafcillin, vancomycin, 
[3-lactam, ceftaZidime, ticarcillin, piperacillin, imipenem, 
meropenem, aZtreonam, an aminoglycoside, amikacin, mer 
penem, ceftaZidime, chloramphenicol, ticarcillin/clavulan 
ate, aZtreonam, imipenem, a polypeptide antibiotic, and/or 
meropenem. The polypeptide antibiotic may be of the poly 
myxin class of antibiotics. A broad range antibiotic may be 
used in the regimen. A broad range antibiotic may include 
levo?oxacin or amoxycillin. 
An anti-in?ammatory agent may be an IL-l blocker, sul 

fasalaZine, mesalamine, and/or a corticosteroid. An IL-l 
blocker may be selected from the following: rilonacept, anak 
inra, and/or Zn-protoporphyrin (ZnPP). 
An immune system suppressor may be any immune sup 

pressing agent. The immune suppressing agent may be aZa 
thioprine or mercaptopurine. 
An agent may be used to activate, or reactivate the expres 

sion and/or function of AKRlBlO. 
Anti-Diarrheal and Fluid Replacements may be used to 

relieve diarrhea and crampy abdominal pain, but additional 
medication may also be necessary. Several antidiarrheal 
agents may be used, including diphenoxylate, loperamide, 
and codeine. Subjects Who are dehydrated may be treated 
With ?uids and electrolytes 

The antibiotic, anti-in?ammatory, immune system sup 
pressor, anti-diarrheal, or ?uid replacement may be formu 
lated for administration by injection, inhalation or insuf?a 
tion through the nose or mouth, or oral, buccal, parenteral, or 
rectal administration. The antibiotic or anti-in?ammatory 
may be formulated for parenteral administration by injection, 
e.g., by bolus injection or continuous infusion. Formulations 
for injection may be presented in unit dosage form, e.g., in 
ampules or in multi-dose containers, With an added preserva 
tive. The antibiotic or anti-in?ammatory may take such a 
form as a suspension, solution, or emulsion in oily or aqueous 
vehicles, and may contain formulating agents such as sus 
pending, stabiliZing and/or dispersing agents. Antibiotic or 
anti-in?ammatory preparations for oral administration may 
be suitably formulated to give controlled release of the anti 
biotic. For buccal administration, the antibiotic may take the 
form of tablets or loZenges formulated in conventional man 
ner. For administration by inhalation, the compounds for use 
according to the present invention are conveniently delivered 
in the form of an aerosol spray presentation from pressurized 
packs or a nebuliser, With the use of a suitable propellant. In 
the case of a pressurized aerosol, the dosage unit may be 
determined by providing a valve to deliver a metered amount. 
An effective dose of the antibiotic may be based upon a 

culture determination of the bacterial type causing the infec 
tion. In addition, an antimicrobial susceptibility report may 
indicate Which families of antibiotic drugs are useful for the 
particular bacteria recovered from the infection. If the cause 
of the infection is unclear, but suspected to be due to bacteria, 
a broad-spectrum antibiotic may be prescribed for controlling 
a Wide variety of bacterial types. In general, the compounds of 
this invention Will be administered in a therapeutically effec 
tive amount by any of the accepted modes of administration 
for agents that serve similar utilities. The actual amount of the 
compound of this invention, i.e., the active ingredient, Will 
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depend upon numerous factors such as the severity of the 
disease to be treated, the age and relative health of the subject, 
the potency of the compound used, the route and form of 
administration, and other factors. The drug can be adminis 
tered more than once a day, preferably once or tWice a day. 

Therapeutically effective amounts of an antibiotic may range 
from approximately 0.05 mg to 10 g per kilogram body 
Weight of the subject per day. 

4. Kit 

Provided herein is a kit, Which may be used for predicting, 
diagnosing, monitoring, or treating a boWel disease. The kit 
may comprise a nucleic acid sample or protein sample col 
lecting means. The kit may also comprise a means for deter 
mining the presence of a marker, a nucleic acid or protein for 
use as a positive control, and/or a nucleic acid or protein 
sampling means. The nucleic acid or protein sampling means 
may include substrates, such as ?lter paper, nucleic acid puri 
?cation reagents, protein puri?cation reagents, such as reac 
tion buffer, polymerase, and dNTPs. Marker detection means 
may also be included in the kit. Such means may include, 
speci?c restriction enZymes, proteases, marker speci?c oli 
gonucleotides, and degenerate oligonucleotide primers for 
PCR. The means may comprise any of the oligonucleotides or 
primers as disclosed herein. The positive control may be used 
for sequence comparison. 
The kit may also comprise one or more containers, such as 

vials or bottles, With each container containing a separate 
reagent. The kit may further comprise Written instructions, 
Which may describe hoW to perform or interpret an assay or 
method described herein. 
The present invention has multiple aspects, illustrated by 

the folloWing non-limiting examples. 

EXAMPLES 

Example 1 

AKRlBlO Expression and Cellular Distribution in 
Normal Colon 

AKRlBlO protein levels and cellular distribution in the 
colon tissue from one trauma patient, using a speci?c 
AKRl B l 0 antibody, Were investigated. Results indicated that 
AKRlBlO protein in highly expressed in mature epithelial 
cells. See FIG. 1. Maturation of AKRlBlO expression cells 
Was veri?ed by Ki-67 (a protein marker of proliferating cells) 
staining in adjacent sections. 
With regard to clinical samples, surgically resected speci 

mens (froZen and formalin-?xed, para?in-embedded) Were 
collected from the NCI-sponsored Co-operative Human Tis 
sue NetWork (CHTN). This collection included 22 ulcerative 
colitis, l6 Crohn’s disease, 24 adenomas, 78 pairs of gastric 
adenomcarcinoma (cancer), 27 pairs of small intestine can 
cer, and 56 pairs of colorectal cancers. Collected tissues Were 
pathologically diagnosed and quality-controlled. Cancer tis 
sues contained more than 80% cancer cells. 

Example 2 

Frequent Loss of AKRlBlO mRNA and Protein in 
FroZen Colon Cancer Tissues 

Forty-eight pairs of froZen colorectal cancer and normal 
surrounding tissues. AKRlBlO mRNA levels Were detected 
by real time RT-PCR With GAPDH as an internal control. The 
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results demonstrated that 44 (91 .8%) of 48 paired cancer 
specimens exhibited a decrease of AKR1B10 mRNA by 3 to 
42 fold. See FIG. 2A. AKR1B10 mRNA Was slightly higher 
in the cancer tissues of pairs 2, 8, 13, and 25. 
AKR1B10 protein levels in these tissues Were examined by 

Western blot. AKR1B10 protein levels in 5 pairs of colon 
cancer tissues, in Which AKR1B10 Was undetectable in 
tumors 2, 4, and 5, and dramatically decreased in tumor 3. See 
FIG. 2B. In 78 pairs of gastric adenocarcinomas, AKR1B10 
Was lost in 44 (56.4%) and signi?cantly decreased in 21 
(26.9%) carcinomas, making a total of 83.3% of cancer tis 
sues have not or decreased AKR1B10 expression (FIG. 8). 
Total RNA Was prepared from 65 pairs of gastric tumor tis 
sues and AKR1B10 mRNA levels Were determined by real 
time reverse transcription polymerase chain reaction (real 
time RT-PCR) using TaqMan® Gene Expression Assays 
(Applied Bio systems, CA). AKRl B 1 0 mRNA Was decreased 
in 50 of 65 (76.9%) paired tumors (FIG. 9). 

In 56 pairs of froZen colon adenocarcinomas, AKR1B10 
protein Was not detected in 40 (71.4%) and signi?cantly 
reduced in 8 (14.3%) carcinomas, making a total of 85.7% of 
cancer tissues have not or decreased AKR1B10 expression 
(FIG. 8). Real-time RT-PCR Was performed in 48 pairs of 
specimens, and results demonstrated that AKR1B10 mRNA 
Was decreased in up to 91 .7% tumor tissues (FIG. 9), consis 
tent With Western blot results. 

Small intestinal malignancy is less frequent and 27 pairs of 
froZen adenocarcinoma samples Were investigated in this 
study. Results shoWed that AKRl B 1 0 Was not detected in 19 
(70.4%) and signi?cantly decreased in 5 (18.5%) carcinomas, 
making a total of 85.7% of cancer tissues have not or 
decreasedAKRl B10 expression (FIG. 8). Real-time RT-PCR 
results demonstrated a decrease ofAKR1B10 mRNA in 22 of 
25 (88.0%) tumor tissues (FIG. 9). 

With regard to real-time polymerase chain reaction, 
AKR1B10 and GAPDH primer and probe sets Were pur 
chased from Applied Biosystems (Foster City, Calif.). Probes 
Were labeled With a report ?uorescent dye FAM (6-carbon 
xy?uorescein) at 5' end and a quencher ?uorescent dye 
TAMRA (6-carbonxytetramethylrhodamine) at 3' end for 
real-time detection. Total RNA Was treated With Rnase-free 
Dnase 1 and the ?rst-strand cDNA Was synthesiZed from 1 pg 
of total RNA With oligo dT primer and Superscript II ret 
rotranscriptase, folloWing manufacturer’s protocols (Invitro 
gen, CA). PCR reactions Were conducted in a 96-Well optical 
plate usingABI Prism 7500 system. Reaction mixtures (20 pl) 
contained 5 pl of cDNA templates (5>< diluted), 1 pl of prim 
ers, and 10 pl of TaqMan universal PCR master mix (Applied 
Biosystems, CA). PCR cycling conditions Were as follows: 
950 C. 15 sec and 60° C. 1 minute, after an initial denature at 
95° C. for 5 min. Each reaction Was duplicated. Variability of 
Ct values betWeen duplicates With the same run Was no more 

than 3%, While the coe?icient of variation (CV) betWeen 
different runs Was no more than 5%. GAPDH mRNA in each 
sample Was run in parallel for an internal control. After cor 
rection by GAPDH mRNA, AKR1B10 mRNA levels in 
tumor tissues Were expressed by subtracting the mRNA in 
matching normal tissues. 

Total RNA Was extracted using TriZol reagent (Invitrogen, 
CA). In 1 ml of TriZol reagent 50 mg tissue Was homogeniZed 
on ice. After incubation for 5 min., 0.2 ml of chloroform Was 
added and mixed vigorously for 15 sec. Supernatants contain 
ing RNA Were collected at 12,000><g for 15 minutes at 4° C. 
Total RNA Was precipitated With 0.5 ml of 2-propanol at 
12,000><g for 10 minutes and then Washed With 70% ethanol. 
RNA quality Was checked on formaldehyde denaturing aga 
rose gel and quantity Was determined by OD260 using a 
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spectrophotometer (Beckman, Calif.). Bottom phase or RNA 
extraction Was mixed With 1.5 ml isopropanol and incubated 
at room temperature for 10 minutes. Protein precipitates Were 
collected at 12,000><g at 4° C. for 10 minutes and Washed 3 
times With 0.3 M guanidine hydrochloride in 95% ethanol. 
Proteins Were vacuum-dried for 5 minutes and then dissolved 
in 1% SDS at 50° C. overnight. 

Example 3 

Tissue Microarray (TMA) Analysis of Archived 
Colorectal Cancer and Retrospective Study of 

AKRl B 10 Expression 

To de?ne the effects of AKR1B10 loss on tumor progres 
sion and patient survival, a pool of 629 colorectal tissues With 
pathological and folloW-up data Were analyZed by a tissue 
microarray assay (TMA assay). After evaluation by tWo inde 
pendent investigators, a total of 592 tissues from different 
patients shoWed a quality staining and Were scored for 
AKR1B10 expression. Of the 592 tissues, AKRl B 1 0 staining 
Was not visible (—) in 374 (63.13%) and Weakly positive (+) in 
146 (24.66%), as a total of 520 (87.84%) colorectal cancer 
tissues With AKR1B10 loss or reduction. The other 72 
(12.16%) samples Were stained positively (++). See FIG. 3. 
One spot shoWed a conjunction area of tumor and adjacent 
hyperplasia. In this region, AKR1B10 Was strongly stained in 
hyperplastic but not malignant cells, indicating the tumor 
speci?city of AKR1B10 loss. See FIG. 4, Wherein Area 1 
indicates cancer cells With no AKR1B10 staining and Area 2 
denotes a hyperplastic villus With AKR1B10 expression. 
A retrospective study of this 592 colorectal cancer data 

pool demonstrated that loss or reduction ofAKR1B10 protein 
in colorectal cancer did not correlate With patient age and sex, 
or With tumor T-pathology, N-pathology, histological stage, 
and cell differentiation. See Table 2. AKR1B10 loss had no 
effect on disease-associated patient survival. See FIG. 5A. 
FolloW-up time of disease-free alive patients Was slightly 
longer inAKR1B10 positive patients than in Weakly positive 
and negative patients, but there is no statistical signi?cance 
(p:0.4969). See FIG. 5B. These data indicate that AKR1B10 
loss may not be a prognostic marker. 

Immunohistochemistry study of para?in sections or tissue 
microarrays Was initiated by deparaf?niZing and rehydrating 
as folloWs: tWo times for 10 min in xylene, once for 2 min in 
100% ethanol, once for 2 min in 90% ethanol, and once for 2 
min in 70% ethanol. In a Coplin jar With antigen retrieval 
solution (10 mM citric acid, pH 6.0), sections Were com 
pletely immersed and microWaved (at 700 Watts) for 5-20 
min. After cooling for 20 min at room temperature (RT), 
sections Were rinsed in deioniZed Water tWo times for 5 min 
each. Endogenous peroxidase Was inactivated With 0.3% 
H202 at room temperature for 20 min. Incubation With anti 
AKR1B10 (1 :5) or acrolein (1:10, Advanced Targeting Sys 
tem, CA) Was performed at 4° C. overnight. After being 
Washed by PBS, the sections Were incubated With horseradish 
peroxidase conjugated secondary antibody (1:100) at 37° C. 
for 10-30 min. Thereafter, sections Were counter-stained With 
hematoxylin to indicate nuclei and mounted With cover sides. 
For immunocytochemistry, cells cultured on cover slides 
Were ?xed in ice-cold methanol for 10 min and ice-cold 
acetone for additional 1 min. After being exposed to 0.3% 
H202 at RT for 20 min, cells Were incubated With acrolein 
antibody (1:10) at 4° C. overnight, folloWed by incubation 
With secondary antibody and DAB exposure. 

Colorectal cancer TMA Was obtained from Tissue 
Microarray Facility, Department of Pathology at Yale Univer 










