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(57) Abstract: The invention provides a method for detec-
tion and monitoring of ulcerative colitis (UC) or UC-related
dysplasia in a subject that comprises assaying a specimen
from the subject for miR-214, PTEN, and/or PDLIM2. An el-
evated amount of miR-214, or decreased amount of PTEN,
and/or PDLIM?2, present in the specimen compared to control
sample is indicative of UC or UC-related dysplasia. The in-
vention further provides a method of treating UC or colit-
is-associated colon cancer, in a subject by administering an
inhibitor of miR-214.
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MIR-214 AS A DIAGNOSTIC AND PROGNOSTIC BIOMARKER SPECIFIC FOR
ULCERATIVE COLITIS AND A MIR-214 INHIBITOR FOR TREATMENT OF SAME

TECHNICAL FIELD OF THE INVENTION

{0001} The present invention relates generally to detfection, diagnosis, and monitoring of
ulcerative colitis and colitis-associated colon cancer. The invention moreg specifically pertaing
{o use of miR-214 as a marker for diagnosis, prognosis, and monitoring of ulcerative colitis
(UC) and UC-related dysplasia, and as a freatment target for UC and UC-related dysplasia,

such as by use of a chemical inhibitor of miR-214.

BACKGROUND OF THE INVENTION

[0002] There is an increasing incidence of UC polentially due {0 the westernized way of life,
diet and snvironmental alterations. UC patienis undergo phases of remission and relapse,
but there is lack of reliable biomarkers that correlate with disease activity. Patients with long
standing and exiensive disease are at increased risk of developing colorectal cancer.
Medical treatments, inciuding TNFa-modulating agents, induce remission but are ofien
limited by side effects, lymphoma, lack of response, or development of resistance. Despile
medical therapy, surgical intervention is frequently required and patient’s quality of life is
decreased. Genome-wids association study (GWAS) revealed susceptibility loct and pathways
that influence the risk of disease, but solely insufficient {o determine specific causative
roles, suggesting that other genetlic and/or epigenelic alterations contribute to UC
pathogenesis. MicroRNAs, small non-coding RNAs acling as master reguiators of geneg
expression, primarily through binding In 3-UTR of target mRNAs, are essential regulators of
signaling pathways, contributing to the pathogenesis of inflammalory diseases, including
IBD. MicroRNA signaling pathways link chronic inflammation to malignant transformation in

breast and liver, however their role in UC development remains largely unexplored,

[0003] Moreover, it can be difficult to distinguish between the similar symptoms of
gastrointestinal disorders, such as inflammatory bowel disease (IBD) and irritable bowel
syndrome {iB5). IBS is a group of symploms that include c¢hronic abdominal pain or
discomfort and diarrhea, constipation, or alternating bouts of the two. People with IBS are
not at higher risk for colon cancer, nor are they more likely to develop IBD or other

gasirointestinal dissases.
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{0004] There is a need o identify improved methods for the delection and treatment of
ulcerative colitis (UC) or UC-relaled dyspiasia. There is also a need to distinguish UC from

Crohn’s disease or irrritable bowel syndrome (IBS).

SUMMARY OF THE INVENTION

{0008} The invention provides a method for detection of ulcerative colitis (UC) in a subjech.
In a typical embodiment, the method comprises contacting a specimen obtained from the
subject with reagents for assaying for miR-214. The method further comprises measuring the
amount of miR-214 present in the specimen as comparad o a control sample. The method
can also be used for detection of UC-related dyspiasia. Presence of ulcerative colitis {or UG-
related dysplasia) is defermined when an elevated amount of miR-214 is present in the
specimen compared {0 the conirol sample. The invention additionally provides a method of
detecting or monitoring inflammatory disease by assaying for levels of miR-214,
phosphatase and tensin homolog (PTEN), and for PDZ and LiM domain protein 2 (PDLIMZ).
The presence or risk of inflammalory disease is determined when an elevated amount of
miR-214 is present in the specimen compared 1o the control sample, or when a decreased
amount of PTEN and/or PDLIMZ is present in the specimen compared 1o the control sample.

The methods can be used to distinguish between ulcerative colitis and Crohn's dissass.

10006} in one embodiment, the spacimen is intestinal biopsy tissue, such as, for example,
colon tissue, or intestinal fluid. In a typical embodiment, the measuring comprises
polymerase chain reaclion (PFCR) assay, such as real-time PCR. Allernatively, the
measuring comprises in situ hybridization. In another embodiment, the measuring

comprises an immunoassay {e.q., for PTEN or PDLIMZ).

{00071 The method for monitoring the efficacy of treatment of ulcerative colitis (or UC-related
dysplasia) in a subject typically comprises contacting a specimen obitained from the subject
at a first fime point with reagents for gassaying for miR-214, PTEN and/or PDLIMZ; contacling
a specimen obtained from the subject at a second time point with reagents for assaying for
miR-214, PTEN and/or PDLIMZ, wherein the subject has been treated for ulcerative colitis
{or UC-related dysplasia) prior {o the second time point. The method further comprises
measuring the amount of miR-214, PTEN and/or PDLIMZ present in the specimens oblained
at the first and second time points; and determining whether an increased or decreased
amount of miR-214, PTEN and/or PDLIMZ is present in the specimen obtaingd at the second
time point compared to the specimen oblained at the first time point, which decreased
amount of miR-214, or increased amount of PTEN and/or PDLIMZ, is indicative of effective
amelioration of the ulcerative colitis (UC) or UC-related dysplasia. In one embodiment, the

above method is modified to monitor the progression of ulcerative colitis (UC) or UC-related
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dysplasia in a subject, oplionally performed in the absence of treatment, by comparing
measurements obiained at the fwo time points. An increase in the amount of miR-214 (or
decrease in the amount of PTEN andfor PDLIMZ) at the second time point compared {o the

first time point is indicative of dissase prograssion.

{0008} The specimen can be biood or other bodily fluid, such as peritongal fluid, or a tissue
specimen. Typically, the specimen is intestinal fluid or tissus. Examples of specimens
inciude intestinal blopsy lissue, such as colon biopsy. The measuring typically comprises

PCR, in situ hybridization, or immunoassay.

[0009] The invention additionally provides a method of treating ulcerative colitis (UC) or UC-
related dysplasia, or colitis-associated colon cancer, in a subject. In one embodiment, the
method comprises administering to the subject a therapeutically sffective amount of an
inhibitor of miR-214. In one embodiment, the administering is intracolonic or infravenous.
Examples of inhibitors of miR-214 include an antisense miR-214 oligonucieotide. The
antisensg cligonucleotide can be provided in a more stabilized form, such as, in one
exampla, by having locked nucleic acid and phosphorothioate linkages. The method can
comprise administering the antisense miR-214 oligonuclectide either directly, or via a

lentiviral vector.

BRIEF DESCRIPTION OF THE DRAWINGS

(0010} Figures 1A-1E show that high-content inhibitor screening identifies microRNAs that
control NF«B in ulcerative colilis. Figs. 1A-1B, Screening workflow and data. Fig. 1AL A
library of 348 microRNA inhibitors was transfected in colonic epithelial cells in triplicates and
the activation of NFKB was measured after treatment with 1L-6 and (Fig. 1B) screen data
plotted as absolute levels (x- axis) of phosphorylated NFKB (on $836), compared to
scrambled sequence controls (no effect, value=1.34) and P value from Student's t-lest (y-
axis). Box shows microRNA inhibitors that affect NFKB phosphorylation by more than 50%.
Figs. 10-1E, miR-214 is up- regulaied in the colonic epithelium of human active ulcerative
colitis samples. Fig. 1C: miR-214 is specifically oversxpressed in colonic tissues from
patients with UC, as demonstrated by quantifative polymerase chain reaction {(gFCR). IBS,
inflammatory bowel syndrome; CD, Crohn's disease; UC, ulcergtive colitis. Dala are
represenied as mean  standard error of the mean (s.e.m.). " P<0.001, in comparison to
control; #P<0.001, in comparison to UC, Student's t-test. Fig. 1D In situ hybridization,
revealing miR-214 expression (blue) in the colonic epithelium UC patients and control.
Nuclear Red was used as counterstain. Scale bars, 50 pm. Fig. 1E: miR-214 expression
corralates with ulcerative colitis activity, as demonsirated by quantitative polymerase chain

reaction (qPCR). Data are represented as mean * standard error of the mean (s.e.m.).
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»e<(),001, in colonic tissuss from UC patients with active disease compared to UC patients

in remission, Student’s {~{est.

[0011] Figures 2A-2J show thal miR-214 direclly targets PDLIMZ and PTEN and
activates an feedback loop circuit in the colonic epithelium. a, b, ¢, Strategy for the
identification and validation of miR-214 targets regulating NFKB. {a) miR-214 {argeis
predicted by 4 different prediction softwares (n=280) were analyzed by quantitative
polymerase chain reaction (gPCR) in miR-214-freated human colonic epithelial celis
(NCRM358). The validated miR-214 targets (n=71, inhibiled by more than 50% and ™ <0.01,
Student’s i- test) were sifted based on relation to NFkB, the alignment of the JUTR of
mRNAs (SEQ D NO: 3, 4) and miR-214 {SEQ ID NO: 2} sequence, and confirmed by
luciferase assays in a second colonic epithelial cell line (NCM480). {b) Weslern blot analysis
revealed that miR-214 regulates the protein levels of PDLIMZ and PTEN in NCM386. (¢}
PDLIMZ (P<0.01) and PTEN (P<0.05) expression is decreased in colonic tissues from
patients with UC, as demonstrated by guantitative polymerase chain reaction (gPCR). d,
miR-214 regulates the phosphoryiation of NFkB on 8536, as demonstrated by ELISA. g, §,
inflammatory signals transcriptionally aclivate miR-214 through STAT3. IL8 induces the
binding of STAT3 on the promoter of MIRZ74 gene (2), while mulagenesis of the STAT3
binding site (M) abclishes promoter activation by 1.8 {f). WT, wild type and M, mutated
STATS binding site on MIR214 gens promoter. Data are shown as the mean t s.em. ™ P <
0.01, " P < 0.001 In comparison 1o untreated and control {(pre-miR-scrambile)-treated cells;
# P < (0.001, in comparison to the IL8-induced WT promoter aclivity, Student’s i-test. g,
Schematic representation of the proposed model. h, I, i, A chemical inhibitor reverses the
effects of miR-214 on colonic tissues from UC patlients and ameliorates disease activity in
an experimental mouse model of colitis. Fresh colonic biopsies isclated at colonoscopy,
divided in two and trealed with the chemical inhibitor against miR-214 or the negative control
{(NC) were subjected o analyses for miR-214 (h), PDLIMZ and PTEN mRNA levels {i}.
Effect of the chemical inhibitor against miR-214 on the disease activity in the chronic
DSS mouse model of colitis. ™* P < 3.001 in comparison to untreated and NC-treatsd

tissues; ™ P < 0.01 in comparison {0 unireated and NC-treated DSS mice; Student's Hesl

[0012] Figures 3A-3J illusirate the tumorigenic potential of miR-214 circuit in
human colonocytes. Figs. 3A-3B: Chronic colonic inflammation regulates miRk-214
expression in mice (Fig. 3A) and humans {(Fig. 3B). Data are shown as the mean %
s.em. ™ P <0.01, ™ P <0.001 in comparison o control mice and control (No UC)
tissues, Student’s test. Figs. 3C-30: miR-214 is hyperexpressed in colilis

associated colorectal cancer (CAC) but not sporadic colorectal cancer (CRC), as
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demonstrated by gPCR (Fig. 3C) and in situ hybridization {(Fig. 3D). Data are shown
as the mean + s.e.m. ™ P < 0.001, in comparison to control tissues; # P < 0.001, in
comparison to CAC; Student’s f-test. Figs. 3E-3H: IL-6 through miR-214 regulales
the tumorigenic properties of colon cancer cells. miR-214 overexpression enhances,
whereas miR-214 inhibition reverses the HL8-induced, colon cancer cell colony
formation in soft agar (Fig. 3&) and invasion in matrigel (Fig. 3F). {LE dose-
dependently induces the expression of mik-214 {Fig. 3G), while miR-214 inhibition
suppresseas the effects of ILS on the phosphorylation of Akt {(Fig. 3H)}. Fig. 3k
PDLIMZ and PTEN mRNAs are suppressed in CAC and Fig. 3J, miR-214
positively correlates with tumour staging. Data are shown as themean zs.em. * P
< (.05, in comparison to early CAC stages (land ll}; ™ P <001, ™ P < 0.001 in
comparison to untreated and control (miR-scramble)-treated cells; P < 0.001 in
comparison to anti-miR-negative control (NC}- treated cells; Student’s est.

[0013] Figures 4A-4L show that a chemical inhibilor of miR-214 effectively
suppresses colitis-associated colorectal cancer in vivo. Fig. 4A: Protocol Tor anti-
miRR-214 therapy in the mouse AOM-DSS colilis-associated colorectal cancer model.
Figs. 4B-4D): Evaluation of the therapeutic potential of miR-214-inhibitor intracolonical
administration on the (Fig. 48) number and (Fig. 4C) size of tumours, and (Fig. 4D}
the levels of cleaved caspase 3 in the tumours formed in the ADM-DES mouse
model of colitis-associated colorectal cancer. Data are shown as the mean £ s.e.m.
P < 0.001 in comparison to untreated and control (miR-NC inhibitor)-
administered mice, Student’s fest. Figs. 4E-4L: Haematoxylin/eosin {Figs. 4E-4F},
pNFKB (8536} (Figs. 4G-4H), pAkt (5473) (Figs. 41-4J), and Ki67 {Figs. 4K-4L)
stained sections of colonic tissues from mice treated with the chemical miR-214

inhibitor or negative control (NC).

[0014] Figures 5A-5D are bar graphs showing miR-214 expression in patients with
ulcerative colitis and Crohn's disease. MiR-214 expression, as assessed by qRT-

PCR, {Fig. 5A} Expression of miR-214 in UC patients does not correlate to gender
and does not differ in CD patients based on {Fig. 5B) disease location or {Fig. 5C)

gender. Data are shown as the mean £ s.e.m.

{0015] Figure 6 is a bar graph showing that miR-214 regulates the expression of PDLIMZ2
and PTEN in colonic epithelial calls. Effect of miR-214 on the expression of PBLIM2 and

ke

FTEN in NCM480 cells, as assessed by gRT-PCR. Dala are shown as the mean  s.e.m.

(93]
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£ < 4.061 in comparison 1o untreated and control (scramble) miR-treated cells, Student’s -

fast,

[0016] Figure 7 is a bar graph showing that miR-214 regulates the expression of 16 in
colonic epithelial cells, Effect of miR-214 on the expression of ILG in NCM460 celis, as
assessed by gRT-FCR. Data arg shown as the mean £ s.e.m. ™ P < 0.001 in comparison to

untreated and control (scramble) miR-treated cells, Student’s tiest.

[0017] Figures 8A-8B show that inflammatory signals transcriptionally activaie miR-214
through STAT3. (Fig. 8A) Effects of iL6 on the expression of miR-214, as assessed by gRT-
PCR. ™" P < 0.001 in comparison {o untreated and conifrol {scramble) miR-treated cells,
Siudent’s HMest. Fig. 8B shows the outcome of Lever and PhCRM algorithms that were

employed for the prediction of STATS binding sites on the promoter of MIRZ274 gene.

{0018] Figure 8 is a graph showing that the phosphorylation of STATS {on Y708) positively
correlates to miR-214 expression in colonic lissues from control and patlients with UC.
STAT3 phosphoryiagtion, as assessad by ELISA, and its correlation to miR-214 levels, as

assessed by gRT-PCR, in colonic tissues. {r, Pearson’s corralation).

{0019} Figure 10 is a bar graph showing that IL8 suppresses PDLIM2Z expression in
colonocytes through miR-214. Effect of miR-214 inhibition on IL6-induced PDLIM2
suppression, as assessed by gRT-PCR. = 2 <{.001 in comparison o unireated cells, @ #

< (.001 in comparison to negative control miR-trealed cells, Student's Hest.

{D020} Figure 11 is a bar graph showing that IL8 suppresses PTEN expression in
colonocytes through miR-214. Effect of miR-214 inhibition on IL&-induced FTEN
suppression, as assessed by gRT-PCR. ™ P <0.001 in comparison to untreated cells, # P <

(.01 in comparison to negative control miR-treated cells, Student’s Hest

{0021} Figure 12 is a bar graph showing that ILS induces Akt phosphorylation in colonocyles
through miR-214. Effect of miR-214 inhibition on IL&-induced Akt phosphorylation (5473), as
assessed by ELISA. ™ P <0.01, ™ P < 0.001 in comparison to untreated cells, # P < 0.001

in comparison 1o negative conirol miR-treated cells, Student’s est,

{0022} Figure 13 is a bar graph showing that a chemical inhibitor effectively suppresses
miR-214 expression in colonooyles in vifro. The effectivensss of a miR-214-speacific chemical
inhibifor was fested in vitro in NCM3586 colonocytes. Cells treated with the miR-214 chemical
inhibitor (for 30 min) were analyzed for miR-214 levels, as assassed by qRT-PCR, 24 hours

{ater.

[0023] Figures 14A-14B illustrate the therapeutic protocol applied on the chronic DSBS

mouse model. To address the therapeutic potential of miR-214 inhibition we used a mouse
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model of chronic coliis. In this model, colitis is induced by repeated oral administration of
dexiran sulfate sodium (D88}, (Fig. 14A) miR-214 inhibitor or the negative control were
intracolonically administered in DSS-treated mice after day 8 for four cycles (avery 2 days).
{Fig. 14B) The criteria used for the assessment of the dissase aclivity score for gach group
of mice {unireated, miR-214 inhibitor or miR-NC inhibitor). On day 20, the mice were

sacrificed, and colon length was measured.

{0024} Figures 15A-158 are bar graphs showing that MiR-214 induces the tumorigenic
potential of colon cancer cells and mediates the tumorigenic effects of IL6. MiR-214
overexprassion enhances the tumorigenic potential, while miR-214 inhibition reverses the
tumorigenic effects of L8, on colon cancer cells. Effects of miR-214 overexpression and
miR-214 inhibition on tLe-induced (Fig. 15A) colony formation in soft agar and (Fig. 158}
invasion of SW480 cells. Dala are shown as the mean x s.eam. ™ P<0.01, ™ P < 0.001 in
comparison 1o untreated celis and control (miR-scrambile Hreated celis and # P < §.001 in

comparison to anti-miR-negative control {(NC)-treated cslls, Student’s ttast.

[0028] Figures 16A-168 are bar graphs showing that inflammatory signals transcriptionally
activate miR-214 through STAT3 in colon cancer cells. (Fig. 16A) The binding of STAT3 on
the promoter of MIR274 gene in response 1o 16 trealment, as assessed by ChiP and gPCR.
(Fig. 16R) Luciferase aclivity of the MIR214 gene promoter, bearing the wild-type (WT) or
mutated (M) STAT3 binding site. Data arg shown as the mean 2 s.em. ™ P <0.0011in
comparison to unireated cells. @ P < 0.01, # P < 0.001 in comparison to WT promoter

activity under the respeclive treatment conditions, Student’s -test.

{0026} Figures 17A-17B are bar graphs showing that 1L8 suppresses the expression of
PDLIMZ and PTEN in colon cancer cells through miR-214, Effects of IL6 and inhibition of
miR-214 on the expression of (Fig. 17A) PDLIMZ and {Fig. 178) PTEN mRNAs, as assessed
by gRT-PCR, in HCT116 and HT29 cells. Data are shown as the mean £ s.em. "™ P <
0.601 in comparison to untreated cells. @ # < 0.01 in comparison 1o the anti-miR-negative

control (NChi-trealed cells, Student's i-lesl.

[0027] Figures 18A-18B are bar graphs showing that MiR-214 regulates the expression of
PDLIMZ and PTEN and the phosphorylation of NFKB in colon cancer cells. Effects of miR-
214 on the {Fig. 184} exipression of PDLIMZ and PTEN mRNAs, as assessed by gRT-PCR,
and (Fig. 18B) phosphorylation of NFKB {on 5536), as assessed by ELISA, in HCT116 celis.
Data are shown as the mean £ s.e.m. ™™ P < 0.001 in comparison to unirealed and control

{scramble) miR-treated cells, Student’s Hest.

[0028] Figure 19 lilustrales the therapeutic protocol applied on AOM-DSS mouse model. To

address the therapeuiic potantial of miR-214 inhibition we used a mouse modsl of colilis-
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associated colorectal cancer. In this modei colorectal cancer is induced by administration of
azoxymethane (AOM) followed by repeated oral administration of dextran sulfale sodium
{(DSS). Chemical microRNA negative control (miR-NC} or miR-214 inhibitor were
intracolonically administered in AOM-DSE-treated mice on a weekly basis for four cycles. On

day 91, the mice were sacrificed, and tumor burden was assessed.

(0029} Figure 20 is a bar graph showing that infracolonic adminisiration of 18mg/kg of the
miR-214 inhibitor, reduced 80% the ulcerative colitis disease activity in a mouse model! of
UC.

[0030] Figure 21 is a bar graph showing that the miR-214 inhibitor did not affect the
expression levels of other, randomiy selected, microRNAs (miR-133a, miR-210, miR-21),

confirming its specificity for targeting only miR-214.

[0031] Figures 22A-22C are bar graphs showing the absence of toxicity in mice (3
mice/group) treated with 18mg/kg of miR-214. Levels of ALT and AST liver enzymes,
togeiher with urea levels, were measured 48h post treatment. The levels of ALT (Fig. 224,
AST (Figs. 22B) and urea (Fig. 22C) were not statistically significant different belween the

untreated {control}, the miR-NC inhibitor and the miR-214 inhibitor treated mice.

DETAILED DESCRIFTION OF THE INVENTION

[0032] The invention described herein is based on the unexpected and specific
overexpression of miR-214 in ulcerative colitis {UC). The invention is further based on the
demonstiration that intracclonic administration of anti-sense miR-214 reduces UC with a high
level of efficacy and spedcificity, and without toxicity. The data show that miR-214 is an
important mediator in UC and a target for treatment. The invention is particularly
advantageous in that it provides methods that can be used to distinguish between ulcerative

colitis and Crohn's disease.
Definitions

[0033] All scientific and technical terms used in this application have meanings commonly
used in the art uniess otherwise specified. As used in this application, the following words or

phrases have the meanings specified.

[0034] As used herein, a "spacimen” from a subject means a specimen obtained from the
subject that contains blood or blood-derived celis, other bodily fluid, such as intestinal fluid,
or biopsy tissue. Examples of biopsy tissue include intsstinal tissue, such as colon biopsy

tissue.
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{0035] As used herein, a "control sample” means a specimen that represents a normal,
healthy condition. The specimen may be blood, serum, or other fluid or tissue understood by
those skilled in the art o serve as a suitable control. A sample of normal colon tissus or

intestinal fluid obtainsd from a healthy patient is a typical exampls of a controd sample.

10036} As used herein, the term "subject” includes any human or non-human animal. The
termt "non-human animal® includes all vertebrates, e.g., mammals and non-mammals, such
as non-human primates, horses, sheep, dogs, cows, pigs, chickens, and other velerinary

subiecis.

[0037] As used herein, "a" or "an” means at least one, unless clearly indicaled otherwise.

Methods of Detecting and Treating Ulcerative Colitis and Colitis-Associaled Cancer

{0038} The invention provides a method for detection of ulcerative colitis (UC) or UC-related
dysplasia, in a subject. In one embodiment, the method comprises assaving a specimen
obtained from the subject for miR-214, an oligonuciectide having the seguence: 5-
TGTCTGTGCCTGCTE-3 (SEQ 1D NO: 1), In a further embodiment, the method comprises
assaying the specimen for two, three, or more markers, including phosphatase and tensin
homolog (PTEN), and PLZ and LIM domain protein 2 (PDLIMZ2). The assaying typically
comprises contacting the spscimen with reagents specific for miR-214, PTEN, and/or
PDLIMZ, and measuring the amount of miR-214, PTEN, and/or PDLIM2 present in the
specimen. Representative reagenis suitable for such assays are described in the Examples
below. For example, guantitative real-time PCR can be used o determine expression levels.
In the examples below, miR-214 expression levels were normalized (o levels of U6 small
nuclear RNA (203804; Exigon). Those skilled in the art can appreciate suitable alternatives

t¢ be used to normalize expression levels.

{0038} The disease dsiectad in this manner includss both colon cancer and ulcerative colitis
(UC) or UC-related dysplasia. In particular, this method can be used {0 detect ulceralive
colitis (UQC), and to distinguish UC from other conditions, such as Crohn's disease or irritable
bowsl syndrome (IBS). Thus, the invention additionally provides a method of specifically
detecting UC. This method is particularly useful for cases in which & diagnosis of UC or
Crohn’s disease has not been determined. The invention additionally provides a method of
determining the status {(gclive or inaclive/remission) of UC in a palient, whereby detecting
elevated levels of miR-214 compared o a control sample is indicative of aclive diseass.
Lavels of miR-214 that are reduced relative 10 a prior measuremeant for the same patient, or
not significantly higher than a control sample, are indicative ¢of disease regression or

remission.
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{0040} The amount of miR-214, PTEN, and/or PDLIMZ present in the specimen is then
comparsd to that present in a control sample. An elevaled amount of miR-214, or
decreased amount of PTEN and/or PRLIMZ, present in the specimen compared 1o the
control sample is indicative of inflammatory disease. Typically, the amount of increase or
decrease in the presence of the marker (miR-214, PTEN, and/or FDLIMZ) in the specimen
obtained from a subject who has inflammatory disease is a statistically significant difference

compared o a normal conirol sample.

{00417 in one embodiment, the amount of miR-214, PTEN, and/or PDLIMZ In a specimen
obtained from a subjact is elevaled 2-fold compared 10 a normal conirol, and the amount of
PTEN, and/or PDLIMZ is decreased 1o about half that of 2 normal control. In somse
embodiments, the difference is an increase {in the case of miR-214)} or decrease (in the case
of PTEN, and/or PDLIM2) of 10%, 20%, 30%, 40%, 50%, 75%, or 100% relative o normal

control,

[0042] The measuring or assay for miR-214 can involve isolating microRNA from the
specimen and/or performing a polymerase chain reaction (PCR) assay, such as reaktime
PCR, or other suitable PCR assay known in the art. Alternatively, the assay can be an in situ
hybridization assay. The assay for PTEN, and/or PFDLIMZ can be PCR or an immunoassay,
such as enzyme-linked immunosorbent gssay (ELISA), immunobiolling, radicimmuncassay,
or other immunoassays Known in the art. Such assays can be performed on biopsied tissue

samples.

{0043] Probes for detgction of miR-214, PTEN, and/or PDLIMZ can be deteciably labeled. In
one embodiment, the probe is iabeled with a radicisolops, an enzyme, a fluorescent
substance, g luminescent substance or biotin. In ancther embodiment, the 8 end of an
oligonucieotide probe is labeled with a reporter flucrescent dye and the 3" end of the probe is
labeled with a quencher dve. in some embodiments, the probe is an antibody and the
detectable label is an antibody that binds FTEN, and/or POLIMEZ, or a secondary antibody
that binds a primary antibody. Represeniative antibodies are described in the Examples
below. Reagents and kits, including antibodies, probes, PCR primers and related materials

are commercially available.

{0044] The specimen is typically intestinal fluid or intestinal tissue, such as biopsy tissus.
Other specimens may be obtained in accordance with the judgment of the treating physician.

Specimens can be oblained from subjects using conventional means.

{0045] Those skilled in the art will appreciate additional variations suitable for the method of
detecting UC or UC-related dysplasia through detection of miR-214 in a specimen, as il

provides a means of monitoring 10 assess disease aclivity and response to ireatment. This
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method can also be used to monitor levels of miR-214 in a sample from a patient undergoing
freatment. The suitability of a therapeutic regimen for initial or continued treatment can be
determingd by monitoring miR-214 levels using this method. The extent of miR-214 present
in a given patient or specimen can provide a prognostic indicator to guids treatment strategy.
Accordingly, one can use information about the level of miR-214 present in a subject to
assist in selecting an appropriate treatment protocel. For example, mesalamine trealment of
ulcerative colilis could be monitored by miR-214 as g surrcgate biomarker to guaniilatively
measure the level of persisting disease aclivity. If disease activity persisis above an
acceptable level, the clinician would consider increasing the freaiment dose, or changing o

a different therapeutic agent.

{0046} The invention additionally provides a method of freating ulcerative colitis (UC) or UG-
related dysplasia, or cancer, in g subject. In one embodiment, the method comprises
administering to the subiect a therapeutically effective amount of an inhibitor of miR-214. A
therapsutically effective amount is an amount sufficient to amesliorate diseass sympioms,
including, but not limited to, inflammation, and 1L-8 expression. in one embodiment, the
administering is intracolonic or intravenous. In ancther embodiment, the administering is
intratumoral. Examples of inhibitors of miR-214 include an antisense miR-214
oligonuclectide, such as an antisense oligonuclectide directed against SEQ 1D NO: 1 (5
TGTCTGTGCCTGCTG-3"). The antisense cligonucleotids can be providad in a morg
stabilized form, such as, in one example, an antisense miR-214 dligonuclectide that
comprises locked nucleic acid and phosphorothioate linkages. Such modifications both
siabilize the molecule and protect it from endonuclease cleavage, which serve 1o increass
the stability and efficacy of the inhibitor in vivo. The method can comprise administering the
antisense miR-214 oligonuclectide directly, or via a lentiviral vector. Use of a suitable
delivery vector, such as a lentiviral or adenoviral vector, for example, may be selected o

enhance the efficacy of intravenous administration.

[0047] Treatment of UC or colon cancer in a subject comprises administering a
therapeutically effective amount of an inhibitor of miR-214, such as an antisense miR-214
oligonucieotide, to the subject. A therapeutically effective amount is an amount sufficient o
ameliorale symptoms of disease, such as tumor growth and/or size, and IL-8 expression.
The administering can be intravenous, infracolonic, and/or infratumoral. in one embodiment,
the inhibitor of miR-214 is administered intraoperatively at the time of biopsy and/or tumor
resection. Representative doses of 12 and 18 ma/kg for treating UC in a mouse model are
describad in the Examples below, and shown {o be specific, effective and non-toxic. Those
skilied in the art can use this information to guide selection of an effective dose amount and

schedule to other subjects.
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{0048} Treatment of UC or cancer can be administered in a single dose or as a series of
doses administered over time. Dosage and treatment regimens can be delermined by the

treating physician, taking info account disease severity, patient condition, and other factors.

Kits

[0049] For use in the diagnostic applications described herein, kits are also within the scope
of the invention. Such kils can comprise a carrier, package or container that is
compartmentalized to recsive one or more containers such as vials, tubes, and the liks, each
of the container(s) comprising one of the separate elements 0 be used in the method. The
antibodies, probes, primers, and other reagents of the kit may be provided in any suitabie
form, including frozen, lyophilized, or in a pharmaceutically gacceptable buffer such as TBS or
PBS. The kit may also include other reagents required Tor utilization of the reagents in vilro
or in vivo such as buffers {i.e., TBS, PBS)}, blocking agents (solutions including nonfat dry
milk, normal sera, Tween-20 Delergent, BSA, or casein), and / or detection reagentis {i.e.,
goat anti-mouse [gG biolin, streplavidin-HRP conjugates, allophycocyanin, B-phycoerythrin,
R- phycosrythrin, peroxidase, fluors (i.e., Dylight, Cy3, Cys, FITC, Hilyte Fiuor 555, Hilvte
Fluor 8473, and / or slaining kits {i.e., ABC Staining Kii, Pierce)). Nucleotids probss may be
labeled for detection. The kits may also include other reagents and / or instructions for using
antibodies and cother reagents in commonly ulilized assays described above such as, for
example, flow cytometric analysis, ELISA, immunobiolting (i.e., weastern biot), in situ

detection, immunocytochemistry, immunohisiochemistry.

[0050] in one embodiment, the it provides the reagent in purified form. In another
embodiment, the reagents are immunoreagents that are provided in biotinyvlated form sither
alone or along with an avidin-conjugated detection reagent (i.e., antibody). in another
embodiment, the kit includes a fluorescently labeled immunoreagent which may be used {o
directly detect antigen. Buffers and the like required for using any of these systems are well-
known in the art and may be prepared by the end-user or provided as a component of the
kit. The kit may also include a solid support containing positive- and negative-conirol protein
and / or tissue samples. For example, Kits for performing spotling or western blot-type
assays may include control cell or tissue lysates for use in SDS-PAGE or nylon or other
membranes containing pre-fixed control samples with additional space for experimental

samples.

{0051] The kit of the invention will typically comprise the container described above and one
or more other conlainers comprising materials desirable from a commercial and user
standpoint, including buffers, diluents, filters, needles, syringes, and package inserts with

instructions for use. In addition, & iabel can be provided on the containegr 1o indicale that the
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composition is usad for a spacific application, and can also indicate directions for use, such
as those described above. Directions and or other informatlion can also be included on an

insert, which is included with the kit

Represeniative Applications of the Invention

[0052] The identification of novel targets and compounds reguiating NFKB activity can be
achieved by use of the malerials and methods described hergin. Specifically, the invention
identifies novel microRNA targeis and inhibitors regulating NFKEB activity in human
colonocyies. The NFKB pathway is found {o be activated in many different types of cancer
and auto-immune and inflammalory diseases, and these inhibilors can be used to treat these

diseases by suppressing NFKB phosphorylation.

[0053] MiR-Z214 is a diggnostic biomarker that is specific for ulcerative colilis patients.
Several studies have identified IBD biomarkers, however most of these biomarkers are not
highly specific for UC, but they are also biomarkers for Crohn's disease and other Gl
diseases. Most identified biomarkers are general inflammalory biomarkers. The findings
described herein verify the speciiicity of miR-214 biomarker derived from analysis of 3
different cohorts of patients. Examination of miR-214 levels can help clinicians diagnose a
patient with UC and choose the appropriate therapy. This is particularly useful in cases
where the available clinical tests cannot distinguish UC from Crohn's and cther

gastrointestinal diseases.

[D054] MiR-214 is a prognostic biomarker of UC disease activilty. MiR-214 levels are higher
in UC patienis with active disease relative to those in remission. Evaluation of miR-214
levels can be used to monitor the disease stalus even in the absence of symptoms and
evaluaie if there is need for therapeutic intervention. MiR-214 is highly specific to UC and
correlates with UC disease actlivity, and can also be used for predicting risk for ulcerative

colitis patients to develop colon cancer.

[0058] Evaluation of microRNA levels in human FFPE tissue by in situ hybridization.
Although protein levels couid be examingd by immunohistochemistry (IHC) in formalin-fixed
paraffin embeddsad (FFPE) sections from patient samples, it is preferable to develop a
protocol for evaluating microRNA levels in the same tissues. The invention provides an
optimized in situ hybridization protocol, improving its efficacy and specificity. The prolocol
can be found in the examples bslow.

[0056] MiR-214 levels provide a biomarker identifying UC patients who have higher risk {o

deveiop colon cancer. This is a significant advantage, since there is nothing available for UC

patients. Even if the colon tissue ssems normal during the colonoscopy procedurs,
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evaluation of miR-214 levels can be used (o identify early molecular oncogenic alierations to
help the clinician decide the appropriate time for removing this area of the colon by surgery.
Patients with >10 years with colitis have increased risk for colon cancer and the only solution
is surgery. Mir-214 is the first biomarker that has 100% specificity for colon cancer patients
with UC history and 0% specificity for sporadic colon cancer patients. MiR-214 is ~30-fold
increased in colitis-assoclated colorectal cancer (CAC) pallents, which is a difference that

can be easily and specifically identified by PCR in a prognostic tast.

[0057] Development of an inhibitor towards miR-214 (SEQ 1D NO: 1), The invention

identifiss the appropriate sequence in order {0 target efficiently miR-214 expression.

[0058] Efficacy of miR-214 inhibitor to suppress colitis ex vivo (fresh colonic explanis from
LUC patients). This is the first demonstration that targeting microRNAs has therapeutic

potential ex vivo.

{00588} Targeting miR-214 as a novel therapy for ulcerative colitis patients. Inhibition of miR-
214 by enema reduces colitis in a mouse mode! of experimental colitis. The therapeutic

protocol can be found in delail in Figure 14,

[0060] Strategy to identify microRNA downstream fargsts that are disease relevant. Through
a combination of bicinformatics, expression and 3'UTR analysis, the invention identifies miR-

214 targets.

[0061] identification of a gene signature regulated by miR-214 (see Table 3). The invention
identifies direct downstream largels of miR-214. These genes provide markers for evaluating

the specificity and effectiveness of miR-214 inhibition.

[0062] PTEN and PDLIMZ levels provide biomarkers for UC patients (see fig. 2¢).
{dentification of reduced PDLIMZ and PTEN mRNA levels in UC patients relative to healthy

controls provides a method for detecting and monitoring UC.

{0063} MiR-214 is a novel oncogene in colon cancer. The examples below provide an

extensive analysis validating the oncogenic properties of miR-214 overexpression.

{0084] MiR-214 provides a biomarker for colon cancer progression in patients with a history
of colitis (Fig. 3j). MiR-214 has increased expression levels in colon cancer patients af
advanced siages (stages i, V) relative 1o those in early stages (I, I}, The invention thus
provides a method of staging colon cancer whereby detecting a 10-20-fold increase in miRk-
214 is indicative of stage I-ll colon cancer, while detecting a 40-fold or greater increase in

miR-214 is indicative of stage H-IV colon cancer,

{0085} The invention provides a method for administration of microRNAs by enema in colon

cancer, as demonsirated by animal models {(see fig. 4a). Delivery of nucieic acids, including
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microRNAs and siRNAs, by infravenous injections results in multiple side effects and there is
need to have a carrier (2.¢. nanoparticles) that increases the specificily and efficacy. The
invention identifies that, for patients with Gl dissases, including UC and colon cancer,
intracolonic (enemaj} delivery of microRNAs is highly efficient. This approach minimizes side
effects, as there is no need for a particle carrier of the microRNA that could induce different

side effecis (2.¢g. Immune responses).

{0066} MiR-Z14 inhibition provides a therapeutic strategy for colon cancer patients with a
history of ulcerative colitis. MiR-214 inhibition suppresses colon cancer growth in vivo.

Description of the specific therapeutic protocol can be found in Fig. 19.
EXAMPLES

[0067] The following examples are presented {o illustrate the present invention and 1o assist
one of ordinary skill in making and using the sams. The examples are not intended in any
way io otherwise limit the scope of the invention.

Example 1:; Therapsutically targeting miR-214 circuit in ylcerative colitis and colitis-
associated cancer

[0068] inflammalory Bowel Dissases {IBD), consist of uicerative coliis (UC)Y and Crohn's
Disease (CD), which are characterized by activation of inflammatory responses, and patients
with longstanding disease are at higher risk of developing colorectal cancer. Thus, the
identification of novel molecular targets with therapeutic potential for UC and UC-related
dysplasia are of major imporfance. MicroRNAs are dereqguiated in ulcerative colilis, but their
mechanistic role and therapeutic value remains speculative. Here, using a high throughput
functional suppressor screen of the human microRNAome, we identified miR-214 as master
regulator of nuciear faclor kappa beta (NF-xB). MiR-214 is amplified specifically in colonic
tissues of patients with active and longstanding UC, and hyper- expressed in colitis-
associated colorectal cancer (CAC). Integration of bioinformatic and genome-wide profiling
analyses revealed that miR-214 by suppressing PDZ and LiM domain 2 (FDLIM2) and
phosphatase and tensin homdlog (FTEN) genes is amplified through a feedback ibop circuit.
A chamical inhibitor perturbed this circuilt in colonic biopsies from UC patienis ex vivo and
intracolonic administration therapsutically suppressed UC and CAC in mice. Taken logether,
miR-214 correlates with diseaseg aclivity and progression to colorectal cancer while iis

inhibition provides & novel therapeutic option for both UC and CAC patients.

(0069} UC development is characterized by activation of inflammatory pathways, including
NF- «B signaling. To identify microRNAs that regulate NF-«B activity in human colonoovtes,
we performed a microRNA functional screen by targeling the human microRNAome in iL6-

treated NCM-460 cells. {(Fig.1a). In the primary screen, two microRNA inhibitors (miR-26b

i
(o]



10

15

20

25

30

WO 2016/077347 PCT/US2015/059956

and 19%a) induced, while seven inhibitors {miR-7, 146a, 373, 372, 181b, 21 and 214}
suppressed NF-xB phosphorylation by »50%, P<0.05 (Fig. 1b). The miR-214 inhibilor was
identified as the most effective suppressor (>80%). Examination of miR-214 levels in UC
{(n=120) and control (n=107) colonic tissues from 3 different cohorts (Tables 1 and 2)
revealed that miR-214 levels are significantly increased in UC, but not other Gl diseases,
irritable bowel syndrome (IBS) {n=22) and CD (n=60) (Fig. 1¢). in situ hybridization in human
colonic tissues identified epithelial cells as the origin of miR-214 overexpression (Fig. 1d). To
gvaluate the clinical relevance, we examined miR-214 expression in correlation with
clinicopathological parameters. MiR-214 levels were significantly higher in UC patients with
active disease relative to patients in remission (Fig. 1e), but did not differ in relation to UC
patient’s gender neither o gender/disease location in CD patients (Fig. 8). These results
demonstirate that MIR214 is an epithelial expressed gene that reguiates NF-«B activity and is

dereguiated specifically in UC in corvelation with disease activity.

{0070} To sstablish the link betwesn miR-214 and UC development, we aimed io identify
downstream gene {argets that could mediate NF-xB activation. Qur strategy consisted of
steps {Fig. 2a). We employed 4 different microRNA target prediction software and identified
280 common miR-214 gene largets. Their expression was analyzed by gPCR in miR-214-
treated colonocytes. The validated 71 (Table 3) genes {(expression <80%, P<0.01) were
examined for their correlation with the NF-«B signaling pathway and direct interaction with
miR-214 employing J'UTR luciferase assays in a second colonic epithelial cell line. This
comprehensive analysis revealed PDLIM2, a nuclear ubiquitin E3 ligase inhibitor of NF-kB
activity15, and PTEN, a suppressor of the AKT signaling pathway16 previously shown {0
intervene with NF-«B activation17,18, as the top miR-214 regulated genes. MiR-214
overexpression inhibited JUTR luciferase aclivities and resulied in suppression of PTEN
and PDLIM2 mRNA (Fig. 6) and protein levels {Fig. 2B). In reflection of the human relevance
of these findings, PTEN and PDLIMZ mRNA levels were decreased in UC colonic tissues
relative to controls (Fig. 2C), thus inversely correlated with miR-214 expression.
Interestingly, overexpression of miR-214 induced NF-«B {5538} phosphorylation (Fig. 20}
and subseguently the expression of I1L6 (Fig. 7), indicating that PTEN and PDLIMZ2 are direct
downstream effeciors of miR-214 involved in the regulation of the NF-xB inflammatory

response.

{0071} Table 1. Cohorts of patients analyzed for miR-214 expression

Cohoris Controd ug oD IBS CAD CRC

UCLA 43 18 24 22 6 18
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Leiden 52 63 13 22 27
Origens 12 38 23 4 15
Total Patients 107 1208 80 22 32 68

[0072] Table 2. Characteristics of patients analyzed for miR-214 expression

Groups Control | UC oD Bs CAC CRC
No of 107 120 60 22 32 a0
Fatients

Age-yr 42 30.5 33 38.5 B58.5 70
Median

Range 16-80 20-72 17-74 18-55 25-82 31-91
Missing G 10

Data

P value ns ns ns e ol

Sex-no (%)

Female 31(29) | 41(34) | 15(25) 11(50) 18(56) 28(47)
Male 57(53) | 44(37) | 29(48) 11(50) 14(44) 32(53

Missing | 10(18) | 35(20) | 16(27)

Data
P value ns ns ns ns ns (0.182)
Disease Duration 11(0.3-30)

TNM stage-no (%}

] 6(19) 13(22)

i 16(50) 19(32)

17
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i 7{22) 18(30)
i 39 10(17)
P value ns{(.380)

“*P<(.001 between groups (Kruskal Wallis test); #2<0.001 In comparison to CAC (Wilcoxon

two sample test).

[0073] Table 3. Expression of miR-214 targets vs Control {miR-scramble} in colonic

epithelial cells

Symbol ] Name Fold Change [P«
ABR 29 active BCR-related -2.16 o
ACER3 55331  |alkalineceramidased -1.67 e
ADSS 158 adenylosuccinate synthase -3.57 e
AP3B1 8546 adaptor-related protein complex 3, beta 1 subunit -%.53 o

ARPCHL 81873  |actin related protein 2/3 complax, subunit S-like -2.07 e
BAZZA 11176  (bromodomain adjacent to zing finger domain, 24 -1.79 e
BRPF3 27154  {romodomain and PHD finger containing, 3 -1.58 e
G151 977 G151 molecule (Raph blood group) -2.62 o
ChC258 994 celi division cycle 25 homolog B (8. pombe) -1.90 o
COiPT 10423  ICDP-diacyiglycerol~inositol 3-phosphatidvitransierase {-1.79 e
CEP8S 84793  |centrosomal protein 85kDa -1.57 b
CHMP4B 1283866 charged multivesicular body protein 48 -1.6% e
CPEB4 80315  [|evtoplasmic polyadenviation element binding protein 4 {-1.92 e
CTDSP1 58180  |CTD {carboxy-terminal domain, RNA polymerase i, -1.70 i

polypeptide A) small phosphatase 1
CTSS 1520 cathepsin S ~2.12 R
DNAJCS 80331  |Dnad (Hsp40) homolog, subfamily C, member 5 -1.5% e
F8 2157 coagulation factor Vi, procoagulant component -1.62 e
FAMA34A 79137  (family with sequence similarity 134, meamber A -3.566 e
FAM189B 10712 {family with sequence similarity 189, member B -1.98 e
GALNTY 518098  |UDP-N-acetyl-alpha-D-galactosaming: polypeplide N~ -2.08 b
acetvigalactosaminyliransferase 7

GLI3 2737 GLI family zinc finger 3 ~2.13 e
HMG20A 10363 |high mobility group 20A =175 o
IGGF3 3321 immunoglobulin superfamily, member 3 -1.64 e
INOSOC 125476 {INOBO complex subunit © ~2.40 b
INTS2 57508  |integrator complex subunit 2 -1.61 e
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PO11 51194  |importin 11 -2.06 b
ITCH 83737  |itchy E3 ubiquitin protein ligase -1.87 e
KLHDCS 116138  (kelch domain containing 3 -1.56 e
KLK1G 5655 kallikrein-ralated peptidase 10 -1.71 i
LAPTMAB 55353  llysosomal protein transmembrane 4 bala -1.84 e
LARP1 23367  {lLaribonucleoprotsin domain family, membar 1 -2.142 e
LEPRCTLT 23484  |leptin receplor overlapping transcript-like 1 ~2.24 o
MED1S 219541 |mediator complex subunit 19 -1.80 e
MTM1 4534 myotubutarin 1 -1.56 e
MNAATS 80155  |MN{alpha)-acetyliransferase 15, NatA auxiliary subunit  {-2.94 e
QTUBT 55611 |OTU domain, ubiguitin aldehyde binding 1 -%.59 e
PAPDS 64282 |PAP associated domain containing 5 -1.73 o
PDLIMEZ 84236  |PDZ and LIM domain 2 {(mystique) -3.37 e
PGCGETIB 5228 PGGTIR 2.25 b
PLAZGTS 23659  phospholipase AZ, group XV -%.66 o
PLK4 10733 {polo-like kinase 4 -1.55 e
POLES 54107  |poloike kinase 4 -1.55 i
PPP2CB 5516 protein phasphatase 2, catalvtic subunit, bata isozyme {-1.68 b
PPPEC 5537 protein phosphatase §, calalvtic subunit ~1.72 o
PSMB1G 57186 proteasoms (prosome, macropainy 268 subunit, non- -3.19 e
ATPase, 10
PTEN 5728 phosphatase and tensin homolog -2.47 i
RAB14 51552 |RAB14, member RAS oncogene family -2.54 e
RASSFS 83593  |Ras asscciation (RalGDS/AF-G} domain family -%.52 e
member 5
RBMZZ 55698  |RNA binding motif protein 22 ~2.46 e
RNF115 27248  |ring finger protein 115 -1.71 o
RPIA 22934  iribose 5-phosphate isomerass A -1.57 e

[0074] Given that miR-214 activates NF-kB and mediatss [L&-induced NF-«kB
phosphorylation, we examined whether inflammaiory signals regulate miR-214 expression.
QPCR analysis revealed L6 dose-dependent induction of miR-214 expression (Fig. 8A4).
Lever/PhwiCRM algorithm analysis indicated the presence of STAT3 binding site in the
promoter of MIRZ214 gene (Fig. 88) and chromatin immunoprecipitation analyses revealed
increased enrichment of STAT3 on MIR214 promoter upon treatment with 1L6 (Fig. 2E),
Similarly, 1L6 doss-dependently induced MIR214 promoter aclivity, an effect abolished by
mutation of the STAT 3 binding site (Fig. 2F}. The clinical imporiance of this inferaction was
gvidenced by the correlation (r=0.97) of phospho-STAT 3 to miR-214 levels {Fig. 9). The role

of miR-214 as inflammatory mediator was studied in NCM358 colonocytes. ILE dose-
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dependently suppressed PDLIMZ and PTEN expression an effect reversad by the inhibition
of miR-214 {Figs. 10, 11). In accord, Akl phosphorylation was increased upon ILS treaiment,
and reduced by miR-214 inhibition (Fig. 12). These findings suggest that iL8 induces miR-
214 through STAT3-mediated transcriptional activation, creating a positive fegdback loop
circuit (Fig. 2G).

10075} To evaluate the therapeutic potential of miR-214 inhibition in UC through reguiation
of the feedback icop circuit, we used a chemically stabie inhibitor, highly efficient in
suppressing miR-214 in human colonocytes in vitro {Fig. 13). We studied the effects of the
miR-214 chemical inhibitor ex vivo on freshly isolated colonic biopsies from UC patients with
active disease. The inhibitor efficiently suppressed miR-214 in the colonic explants (Fig. 2H),
and suppressed the inflammatory response by increasing the expression of both PDLIMZ
and PTEN (Fig. 21}, Furthermore, miR-214 inhibitor reduced disease aclivily in an animal
maodel of experimental colitis (Fig. 2J and Fig. 14). Taken together, these in vitro, in vivo and
ex vivo data suggest the therapeutic potential of the miR-214 inhibitor in UC patients with

active disease.

10076} Although the association between UC and colorectal cancer has been documentsd
as early as 182519, its molecular biclogy remains to be explored. We questioned the role of
miR-214 during the transition from UC to cancer. Inferestingly, we found miR-214 is up-
regulated in mice with chronic but not acute inflammation induced by DSS (Fig. 3A). In the
same ling, colonic tissues from patients with longstanding (>10 years} UC have increased
miR-214 compared to those with <10 years {(Fig. 3B), suggesting that miR-214 is a link
between UC and colorectal cancer development. We compared miR-214 levels by gPCR
and in situ hybridization in tumors from CAC and sporadic colon cancer {CRC) patients. This
analysis showed the hyper-expression of miR-214 in CAC, bui no difference between CRC
and controls (Fig. 3C, 3D). Overall, these findings suggest thal miR-214 is increased during

UC development and amplified during progression to colorectal cancer,

[0077] To examine the importance of miR-214 in colorectal oncogenesis we performed gain-
and loss-of function studies. Overexprassion of miR-214 induced the colony formation ability
and invasiveness of human colon cancer cells, suggesting its oncogenic role (Figs. 3k, 3F
and Fig. 15). On the cther hand, suppression of miR-214 inhibited the {L6-induced
tumorigenic and invasive phenotype, pointing 1o the dependence of IL8 tumorigenic effects
on miR-214. Next, we investigaled whether miR-214 acis through regulation of the feedback
loop circuit. IL6 dose-dependently up-regulated miR-214 in colon cancer cells (Fig. 3G),
mediated by the binding of STAT3 in MIR214 promoter area (Fig. 18). IL8-induced miR-214
expression resulted in PDLIMZ and PTEN suppression (Fig. 17}, Akl phosphoryiation (Fig.
3H} and NF-kB activation {Fig. 18), suggesling that the miR-214 feedback loop circuit is
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hyper-activated during oncogenesis. In support of its human relevance, PDLIMZ and FTEN
levels were decreased in tumors from CAC patients relative (o controls (Fig. 31). Given that
miR-214 increases cancer cell aggressiveneass, we examined miR-214 correlation 1o colon
cancer progression. Examination of human tumors indicated that miR-214 is specifically up-
regulated during CAC disease progression (Fig. 34}, providing additional evidence on the
specificily of miR-214 circult in UC and CAC. According to our data miR-214- positive
feedback loop circuit links chronic inflammation to colon carcinogenesis. Therefore, targeting
of miR-214 may be sufficient 1o suppress the development of CAC. We applied a therapsulic
protocol consisting of intracolonic administration of a chemical miR-214 inhibitor or
microRNA negative control for 4 cycles, weekly (Fig. 4A and Fig. 19) on the AOM- DSS
mouse model. The miR-214 inhibitor reduced significanily the number (Fig. 4B) and size
{Fig. 4C) of tumors. Mechanistically, miR-214 inhibitor suppressed umor growth through the
induction of apoplosis and activation of caspase-3 (Fig. 43). In addition,
immunchistochemical analysis revealed that miR-214 inhibition reduced NF-kB and Akt
phosphoryiation levels {Fig. 4E), indicaling suppression of the miR-214-molecular circuit,

and decreased the proliferation rate of colon cancer cells (Fig. 4E).

[0078] MiR-Z14 exprassion correlates with UC disease activity and disease duration and
provides the molecular rationale for the current practice guidelines recommending
surveillance colonoscopy 8 to 10 vears after diagnosis of UCZ0. Given that current
surveillance procedures (21) and new imaging lechniques (22-24) identily late-stage
oncogenic evenis, miR-214 couid serve as a biomarker, identifying UC patients al risk for
malignant transformation. Furthermore, it is sssential that although inflammaiory pathways
have been found fo be activated in UC and CD, miR-214 is specific o UC. Intravenous
administration of microRNA mimics has proven effective against liver cancer (8} and
microRNA inhibitors are in Phase H-1H clinical trials25. Here, we present a novel and efficient
delivery method for microRNA therapeutics. Intracolonic administration of a chemically
modified miR-214 inhibitor results in suppression of UC and CAC, suggesting the
applicability of such approaches in patients with colilis and UC-relaled dysplasia. In
congclusion, we demonstrale the UC-specific deregulation of miR-214 and iis correlation with
disgase activity and duration, and identify a miR-214-driven inflammalory feedback loop
circuit involved in the development of colonic oncogenesis. Tissue miR-214 could
significantly alter current surveiliance strategies and suppression of miR-214 could have

therapeutic potential for colitis and colitis-associated colon cancsr.
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Methods

{0079 The study was approved by the institutional review board at each study center. All
patients from whom tissue samples were obtained at UCLA provided written informed
consent. The patient samples were oblained at the Leiden University Medical Center
according o the instructions and guidelings of the LUMC Medical Ethics Committee and in

accordance with the Helsinki Declaration.

MicroRNA library screen

{00801 NCM4G0 immortalized epithelial celis were platad in 88-well plates and transfected
with a microRNA inhibitor library consisting of 348 microRNA inhibitors and 2 negative
control microRNAs (100 nM} (Dharmacon Ing), as previously described’?, At 24 hours post-
transfection, the cells were trealed with 1L8 for 24 hours, and the phosphorviation of NFKB
was assessed by Fhospho-RelA/NFKB p65 (8536) Cell-Based ELISA (KCB7226, R&D).
MicroRNA inhibitors that inhibited >50% the phosphorylation of NFKB were considered

positive hits.

Bioinformatic analysis

[0081] The Lever and PhyiCRM algorithms have been used (o identify STAT3 binding motifs

in an area 5 kb upstream and 2 kb downstream of microRNAs.

{n situ hyvbridization

[0082] Double-DIG labeled miRCURY LNA Delection probe for the delection of miR-214
(38494-15, Exigon) by in sifu hybridization was used as previously described with
modifications®, Sections of control, uicerative colitis, and colorectal carcinomas were
deparaffinized with xylene (three times for 5 min), Tollowed by treatment with serial dilutions
of ethano! (three times in 100%, twice in 96%, and three times in 70%) and by two changes
of DEPC-PRBS. Tissues were then digested with proteinase K (15 mg/mi) for 30 min at 37°C,
rinsed thres times with DEPC-PBS. Sections were dehydrated twice with 70%, 96%, and
100% ethanol, air-dried and hybridized for 1 hour with the hsa-miR-214 (40 nM) diluted in
microRNA 15H buffer (80000, Exigon), at 60°C. Following hybridization, seclions were
ringed twice with SX88C, twice with 1X88C, and thres limes with 0.2XS8C, & min each, at
60°C, and PBS. The slides were incubated with blocking sclution (115885762001, Roche) for
15 min and then with anti-DIG antibody (1:800} in 2% sheep serum {013-000-121, Jackson
Immunoresearch) blocking solution for 1 hour, al RT. Foliowing three washes with PBS-T
(PBS, 0.1% Tween-20), slides were incubated with the AP substrate buffer (NBT-BCIF {ablet
[11697471001, Roche] in 10 mi 0.2 mM Levamisole {31742, Fluka]) for 2 hours at 30°C in the
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dark. The reaction was slopped with two washes of AP stop solution (56 mM Tris- HCI, 1580
mM NaCl, 10 mM KCI) and two washes with waler. Tissues were counter-siained with
Nuclear Fast Red for 1 min and rinsed with water. At the end, sections were dehydrated
twice with 70%, 96%, and 100% sthanol and mounted with coverslips in Eukitt mounting
medium {361894G, VWR). Images were caplured with a Nikon 801 Upright Microscope
equipped with a Nikon Digital Sight DS-Fi1 color camera, using the NiS-Elements image

acquisition software. All images were caplured and processed using identical ssitings.

Immunohistochemistry

D083} For tissue immunostaining for phospho-NFKB, phospho-Akt and Ki67, FFPE sections
of colonic tissues from AOM-DSS mice treated with the chemical miR-214 inhibitor or
negative control were deparaffinized with xylene (3x5 min) followed by treatment with serial

dilutions of ethano! {100%, 100%, 95% and 85%, 10 min each) and by two changes of

ddH0. Antigen unmasking was achieved by boiling the slides (85-98°C) for 10 min, in 10
mM sodium citrate, pH 8.0, Sections were rinsed three times with ddH20, immersed in 3%
Ho0Oz for 20 min, washed twice with ddiH20 and once with TBS-T (TBS, 0.1% Tween-20)
and blocked for 1 hr with blocking solution (5% normal goat serum [5425, Cell Signaling
Technology] in TBS-T). Phospho-P65 {Serb38) (SAB4300008, Sigma-Aldrich), phospho-Akt
{Serd73} (4080, Cell Signaling Technology) and Kig7 (12202, Cell Signaling Technology)
antibodies were diluted 1:200, 1:50 and 1:400, respectively, in Signal Stain antibody diluent
(8112, Cell Signaling Technology) and incubaled with the sections overnight at 4°C. Following
incubation with the antibodigs, sections ware washed three times, 5 min sach, with TBS-T
and incubated for 1 hr at room temperature with SignalStain Boost ([HRP, Rabbit] 8114, or
{HRP, Mouse] 8125, Cell Signaling Technology). Seclions were washed three times, § min
each, with TBS-T, and stained with the DAR Peroxidase Substrate Kit (SK-4100, Vector
Laboratories) for 30 min, washed and counterstained with the hematoxylin QS (H-3404,
Vector Laboratories). Finally, tissues were dehydrated and mounted in Eukift medium.
Microscope equipped with a Nikon Digital Sight DS-Fi1 color camera, using the NIS-
Elements image acquisition software. All images were captured and processed using

identical seftings.

Cluantitative real-time PCR analysis

[0084] Real-time PCR was performed to delerming the expression levels of miR-214 in
human colon carcinomas and tissues. RNA was isolated, using Trizol (15508-026,
fnvitrogen). Reverse Transcription was carried out using the Universal cDNA synthesis kit
{203300). Real-time PCR was carried out in triplicate using the SYBR Green master mix
(203450} and primer for miR-214 (204510, Exigon) in a CFX384 Real Time PCR delection
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system (BioRad). MIRZ2714 expression levels were normalized 1o the levels of UG snRNA
(203807, Exiqon).

[0085] Realime PCR was employed o determine the expression leveis of PTEN and
PDLIMZ. Reverse transcription was carried out using the Retroscript Kit {AM1710, Applied
Biosystems). Real-time PCR for was carried out using 1Q SYBR Green supermix {(17(-8882,
BioRad). Glyceraldehyde-3- phosphate dehydrogenase (GARPDH)Y and B-ACTIN wers used

as the internal control. The sequences of the primers used are the following:
[0086] PTEN-F: 5'-cocagacatgacagecate-3 (SEQ 1D NG: 5)

[0087] PTEN-R: &-ictgeaggaaateccatage-3’ (SEQ 1D NO: 6)

[0088] PDLIM2-F: 5-alggecacgatiaigictes-3' (BEQ 1D NG 7)

[0089] PDLIM2-R: §'-gceecatoatgglgactaagg-3' (SEQ 1D NO: 8)

[0090] B-ACTIN-F: 8-ccecageacaatgaagatecaa-3' (SEQ 1D NO: 9)

[00921] B-ACTIN-R: B-acatctgeiggaaggiggac-3' (SEQ 1D NO: 10}

00821 GARDH-F: §-atgticgicatgggigigaa-3’ (SEQ 1D NO: 11)

0083} GARPDH-R: 5-ggtgctaageagtiggiggt-37 (SEQ 1D NO: 12)

Animal studies

[0094] Mouse studies were approved by the University of California Institutional Animal Care
and Use Commiftee and conformed to the US National Institutes of Health Guide for the
Care and Use of Laboratory Animals. The therapsutic potential of the miR-214 inhibition was
tested in a mouse model of colitis-associated colon cancer {(CAQC). CAC is induced by
administration of 12.5 mg/kg azoxymethane (AOM) at day 1 followed by repeated oral
adminisiration of 3% dexiran sulfate sodium {(DES) at days 8, 29, 50. According to our
freatment profocol, miR-NC inhibitor or miR-214 chemical inhibitor (12 mg/kg) were
intracolonically administered in AOM-DSS8-reated mice on a weekly basis for four cycles
{days 64, 70, 77, 84). On day 91, the mice were sacrificed and the tumor burden was
assessed. The miRR-214 inhibitor targeted the miR-214 seguence 8- TGTCTGTGLCTGCTG-
3 (SEQID NO: 1.

BioPlex ELISA assavs

[00985] We used a sandwich ELISA assay {0 assess the phosphorylation status of Tyrosine
705 of STAT3 protein in control colonic lissues and samples from patients with ulcerative
colitis and colitis- associated cancer, the levels of cleaved caspase-3 in colonic tumors

derived from AOM-DSS- tfreated mice, the phosphorylation status of Serine 473 of Akt
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protein, the phosphorylation status of Serine 536 of NFKB protein and the secretion of IL8 in
colonic cell inegs. The data were analyzed in 3 BioPlex FlexMap3D (Bio-Rad) analyzer using

the BioPlex Manager software.

Luciferase assays

{0096} Cdlonic epithelial cells were transfecied with a firefly luciferase reporter gens construct
coniaining the promoter of MIRZ274. Cells were treated with ILE 24 hours afier transfection of
the luciferass vecior. Cell extracts were prepared 24 later, and luciferase activity was
measured using the Dual Luciferase Reporter Assay System {Promega, Wi, USA). For the
FUTR assays, celis were transfected with the reporier vectors carrying the JUTR of PTEN
or PDLIMZ. Al 24 hours they were transfected with miR-214 {or miR-scramble) and at 48

hours luciferase activily was measured using the Dual Luciferase Reporter Assay Sysiem.

Invasion assays

[0087] We perdormed invasion assays in colonic spithelial cell lines 24 hours after transfection
with miR-214 or anti-miR-214 or their respective controls. invasion in matrigel has been
conducted by using standardized conditions with BDBioCoat growth factor reduced
MATRIGEL invasion chambers (PharMingen). Assays were conducted according to
manufacturer's protocol, using 2% FBS as chemoatiractani. Non-invading celis on the top
side of the membrane were removed while invading cells were fixed and slained with 4'-6-
diamidino-2-phenvlindole {DAPI, Veclor Laboratories Inc.), 16h post seeding. In all assays,

10 fields per insert were scored and se was calcuiatad.

Colony formation assays

{00881 Colonic epithelial celis were transfected with miR-214 or anti-miR-214 or thsir
respective controls. Then, triplicate samples of 10° cells from each cell line were mixed 4.1
{v/v) with 2.0% agarose in growth medium Tor a final concentration of $.4% agarose. The cell
mixture was plated on top of a sclidified layer of 0.8% agarose in growth medium. The

number of colonies was counted after 12 days.

Chromatin immunoprecipitation

00991 Chromatin immunoprecipitation was carried out as described previously®. Briefly, the
chromatin fragments, derived from unireated and IL8-treated colonic epithelial cells, were
immunoprecipiiated with 8ug of antibody against STAT3. DNA extraction was performed
using QIAGEN Purification Kit. Real-lime PCR analysis was performed for STATS binding

site in the miR-214 promoter using the following primers: forward: 5~

N
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GGGCTTGAGTCCATCAGCTT-3' (SEQ 1D NO: 13) and reverse §-
GTTCAGCAGGACAGGTCTCA-S (SEQ 1D NO: 14) (Product size: 94 bp).

Siatistical analysis

{01001 All experiments were performed in triplicate unless otherwise stated. Statistical
analyses were performed with the use of Origin software, version 8.6 and SAS sialistical
package version 9.4, Student's t-lest was used 1o examine the slatistical differsnce in miR-
214 sxpression between control colonic tissues and specimens derived from different
intestinal pathologies, between active and inactive UC specimens and between UC
specimens categorized based on disease duration. The Kruskal Wallis test was used for age
comparison and posthoc Wilcoxon twoe sample test with Bonferroni significance level
adjustment for multiple testing were used for age comparisons, Chi-square test for gender
comparisons and Fisher's Exact test for tumour stage comparison. The correlation
significance was determined by means of Spearman and Pearson correlation analyses. The
Siudent's t-lest was used for comparisons between the differentially frealed cells and mice

groups. A P vaiue of 0.05 or less was considered o indicate statistical significance.
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Example 2: Effectiveness of miR-214 inhibitor administered at 18ma/kg 1o suppress
ulcerative colitis in mice

{0101} As described in Example 1 above, we evaluated the effectiveness of adminisiaring
12mgfkg of the miR-214 inhibitor intracolonically, to suppress ulcerative colitis in a chronic
DSS mouse model {Figure 2i). Figures 14A-148 illustrates the therapeutic protocol applied
on the chronic DS mouse model. To address the therapeutic polential of miR-214 inhibition
we used a mouse model of chronic colitis. in this model, colitis is induced by repeated oral
administration of dextran sulfate sodium (DES). (Fig. 14A) miR-214 inhibitor or the negative
control were infracolonically adminisiered in DSS-treated mice after day 8 for four cycles
{every 2 days). {(Fig. 14B) The crileria used for the assessment of the disease activily scorg
for each group of mice (untreated, miR-214 inhibitor or miR-NC inhibifor). According to this
experimental design, we found that 12mg/kg of the miR-214 inhibitor reduced by 50% the
ulcerative colitis disease activity (Figure 2i).

{01021 We have used the same therapeutic protocol and incraased the dose of the miR-214
inhibifor to 18mg/kg and evaluated its therapeutic potential in the chronic DES mouse model.
As shown below, we found that intracolonic administration of 18mg/kg of the miR-214

inhibitor, reduced 80% the ulcerative colitis disease aclivily, suggesting the effecliveness of

this concentration 1o block colitis in mice. The resulls are shown in Figure 20.

Example 3: Specificity of the miR-214 inhibitor administered at 18malkg in mice

{0103} To svaluale the specificily of the miR-inhibitor 1o block miR-214 expression levels, we
evaluated miR-214 expression levels and found that the miR-214 inhibitor (administered
intracolonically) blocked >85% miR-214 expression levels. To examine the specificity of
these findings we examingd the expression levels of other microRNAs (miR-133a, miR-210,
mifR-21). We found that the miR-214 inhibitor did not affect the expression levels of these
randomly selected microRNAs, showing its specificity on targeting only miR-214. These

resulls are shown in Figure 21,

Example 4: Evaluation of toxicity effects of miR-214 inhibitor in mice

{0104} We examined if intracolonic administration of the miR-214 inhibitor has any potential
foxic effects on liver and kidney funclion in mice. Specifically, mice (3 mice/group) were
freated with 18mg/kg of miR-214 and levels of ALT and AST liver enzymes together with

urea levels were measured 48h post freatment. As shown in the graphs of Figures 22A-22C,

27



10

WO 2016/077347 PCT/US2015/059956

the levels of ALT, AST and urea were not slatistically significant different between the

untreated {control), the miR-NC inhibitor and the miR-214 inhibitor treated mice.

[0105] Throughout this application various publications arg referenced. The disclosures of
these publications in their entireties are hereby incorporated by reference into this

application in order {0 describe more fully the stale of the art 1o which this invention pertains.

[0106] From the foregoing it will be appreciated that, although specific embodiments of the
invention have been described hersin for purposes of illustration, various modifications may
be made without deviating from the spirit and scope of the invention. Accordingly, the

invention is not limited except as by the appended claims.
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What is claimed is:
1. A method for detaction, diagnosis, or prognosis of ulcerative colitis {(UCY in a subject,
the method comprising:

{a} contacting a specimen obtained from the subject with reagents for assaying for
microRNA-214 (miR-214);

(b} measuring the amount of miR-214 present in the specimen as comparedic a

conirol sample; and

{¢} determining the presence or risk of UC when an slevated amount of miR-214 is

present in the specimen compared {0 the control sample.

2. The method of claim 1, wherein the spacimen is iniestinal biopsy tissue or intestinal
fluid.

3. The method of claim 2, wherein the intestinal biopsy tissue comprises colon.

4, The method of claim 1, wherein the measuring comprises polymerase chain reaction

assay or in situ hybridization.

5. The method of claim 1, wherein the reagants comprise a probs that specifically binds
to SEQID NG 1.
8. The method of claim 1, further comprising administering a therapeutic treaiment for

UC or UC-related dysplasia {o the subject.
7. A method for monitoring the efficacy of reatment of UC in a subject, the method
comprising:

{a) contacting a specimen oblained from the subject at a first time point with reagents
for assaving for miR-214;

{b} contacting a specimen obiained from the subject at a second lime point with

reagents for assaying for miR-214, wherein the subject has been treated for UC prior to the

second time point;

{¢} measuring the amount of miR-214 present in the specimens oblained al the first

and second time points; and

{d} delermining wheather a decreased amount of miR-214 is present in the specimen
obtained at the second time point compared o the specimen oblained at the first time point,

which decreassad amount of miR-214 is indicative of sffective amslioration of the UC.

8. The method of claim 7, wherein the specimen is infestinal biopsy tissue or intestinal
fluid.
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a. The method of claim 8, wherein the intestinal biopsy lissue comprises colon.

10. The method of claim 7, wherein the measuring comprises polymerase chain reaction
assay.

11. The method of claim 7, wherein the reagents comprise a probe that specifically binds

to TGTCTGTGCCTGOTG {(SEQ 1D NO: 1)

12. A method of ireating UC in a subject, the method comprising administering (o the

subject a therapeutically effective amount of an inhibilor of miR-214.
13. The method of claim 12, wherein the administering is intracolonic or intravenous.

14, The method of claim 12, whersin the inhibitor of miR214 is an anti-sense miR-214

oligonucieotide.

18. The msethod of claim 13, whergin the antisenss dligonuclectide is a locked nudleic

acid antisense miR-214 oligonudiectide comprising phosphorothicate linkages.

18. The method of claim 14, wherein the anlisense miR-214 oligonuciectide is
adminisierad via a lentiviral vecior.
17. A method of determining whether a patient suffering from inflammatory bowsl

disease has UC, the method comprising performing the method of ¢laim 1 or claim 7,

wherein an slevated amount of miR-214 relative to a conlrol sample is indicative of UC.

18. A method of treating colon cancer in a subject, the method comprising administering
te the subject a therapsutically sffective amount of a locked nudleic acid antisense miR-214

oligonudieotide.

19. The method of claim 18, wherein the administering is intracolonic, intratumoral, or

irtravencus.

20. The msthod of claim 18, wherein the inhibitor of miR-214 is an anti-sense miR-214

oligonucieotide.

21. A maethod for delection, diagnosis, or prognosis of ulcerative colitis {(UC) in a subjedt,

the method comprising:

{(a) contacting a specimen obtained from the subject with reagents for assaying for
microRNA-214 (miR-214), PTEN, and/or PDLIMZ;

(b} measuring the amount of miR-214, PTEN, and/or PDLIM2 present in the

spacimen as compared to a conirol sample; and

(¢} determining the presence or risk of UC when an elevaled amount of miR-214 is

present in the specimen compared 10 the control sample, or when a decreased amount of ,
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FTEN and/or FDLIMZ is present in the specimen compared {0 the control sample.

22. The method of any of the preceding claims, wherein a diagnosis of ulcerative colitis

or Crohn's disgases has not been previously determined.

23. A method for delermining the status of ulcerative colitis in a subject, the method

comprising:

{a) contacling a specimen obtained from the subject with reagents for assaying for
microRNA-214 (miR-214);

{b} measuring the amount of miR-214 present in the specimen as compargdio a

conirol sample; and

() determining the presence of active uicerative colitis when an elevated amount of
miR-214 is present in the specimen compared {6 the control sample, and remission when the
amount of miR-214 present in the specimen is not significantly different from the control

sample,
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