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Abstract

Background—The 20-25% of the inflammatory bowel disease (IBD) patients presents the
disease before the age of 18-20, with worse extent and severity, compared to adult-onset IBD. We
sought to identify the differential expression of microRNAs in pediatric ulcerative colitis (UC) and
their association with different clinical phenotypes.

Methods—MicroRNA expression analysis was performed in colonic tissues derived from
pediatric UC patients and no-IBD controls. MiR-4284 levels were verified by real-time
quantitative PCR in two additional cohorts of pediatric UC patients. Bioinformatics analysis was
performed to predict the targets of miR-4284. In vitro experiments using luciferase reporter assays
and real-time PCR evaluated the direct effect of miR-4284 on CXCL5 mRNA. In vivo
experiments were performed in two mouse models of experimental colitis.

Results—A 24-microRNA signature was identified in colonic tissues derived from pediatric-UC
patients. The most down-regulated microRNA in the tissue of pediatric UC patients, relative to
non-1BD controls, was miR-4284. In situ hybridization revealed that miR-4284 is present in
colonic epithelial cells and its levels correlate with the disease activity. Furthermore, we found
that miR-4284 regulates CXCL5 mRNA expression through binding to its 3’UTR. CXCL5 had
increased mRNA levels in colonic tissue from pediatric-UC patients and correlated with disease
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activity. Furthermore, we found an inverse correlation between miR-4284 and CXCLS5 levels in
the colonic pediatric UC tissues and in two mouse models of experimental colitis.
Conclusions—Our data reveal a novel microRNA pediatric-UC signature, provide evidence that

miR-4284 directly regulates CXCLS5 and correlates with the disease activity.

Keywords
non-coding RNA; colonic mucosa; inflammatory bowel disease

Introduction

The pathogenesis of inflammatory bowel diseases (IBD) involves the response of the
immune system to intestinal microbiota in genetically predisposed individuals. The genetic
component of this predisposition has been intensely investigated but only a small proportion
of the disease can be attributed to the identified genetic factors.l: 2 Moreover, 25% of IBD
patients present during childhood, and have significantly greater disease extent, severity and
worse progression compared to adult-onset IBD.3 This population also has fewer co-morbid
conditions providing an advantage in investigating the genetic component of the disease.

MicroRNAs are small non-coding RNA oligonucleotides that add an additional mode of
regulation of gene expression and have been involved in the pathogenesis of a variety of
human inflammatory diseases.*~> We recently identified microRNAs (let-7 and miR-155)
that are essential regulators of Toll-like receptor signaling.> Additionally, we reported that
microRNAs miR-21 and miR-181b target the signal transducer and activator of transcription
3 (STAT3), a known major factor activated during the inflammatory response.®

Previous studies have identified specific microRNAs to be deregulated in the context of
IBD.” MiR-192 levels, which can inhibit chemokine production, are decreased in tissue
samples from ulcerative colitis (UC) patients.8 In addition, certain microRNAs are
deregulated in adult ileal and colonic Crohn’s disease (CD).? Very recently, a study
identified a number of deregulated microRNAs in the rectal tissue of pediatric patients.10
Our recent studies revealed that miR-124 is epigenetically regulated specifically in pediatric
patients with active UC and this leads to increased STAT3 activity in the colonic tissue of
these patients.11 However, further investigation is needed to define the role and function of
the microRNA-signature specific to pediatric UC patients.

In the present study, microRNA profiling analysis was performed and identified miR-4284
as the most down-regulated microRNA in colonic biopsies from pediatric UC patients. This
deregulation was validated in additional cohorts of patients and was associated with the
disease activity. Furthermore, we present evidence that miR-4284 directly targets CXCL5,
binding to the 3’ untranslated region (3’UTR) of CXCL5 mRNA. CXCL5 is known to
participate in the inflammatory response of colonic epithelial cells by facilitating the
recruitment of neutrophils'2 13 and has been previously implicated in the pathogenesis of
UC.14. 15 This miR-4284/CXCLS5 deregulation identified in pediatric UC patients was also
replicated in two mouse models of experimental colitis.
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Materials and Methods

Study Population/Patient Characteristics

Pediatric tissue samples were obtained from subjects enrolled in the Massachusetts General
Hospital for Children Pediatric IBD bio-repository with informed consent/assent from
subjects or their legal guardians and approval by the Partners Health Care Institutional
Review Board (Protocol #2009P001287). Sigmoid colon mucosal biopsies were collected at
the time of colonoscopy, snap frozen in liquid nitrogen and stored at —80 °C. Matched
sigmoid biopsies were also obtained and sent to pathology for routine histologic evaluation.
Sigmoid biopsies from a total of 26 subjects diagnosed with IBD before the age of 17, and
19 non-1BD controls, were analyzed. The IBD group included 18 pediatric subjects with
active-UC and 8 with inactive disease. Patient clinical characteristics are listed in Tables 1—
3.

Colonic biopsies from adult patients with active (n = 16) or inactive UC (n = 16) were
obtained from the bio-repository of the Department of Gastroenterology and Hepatology,
Leiden University Medical Center (see patient clinical phenotypes, Table 4).

Matched biopsies from inflamed and non-inflamed areas of the colon of pediatric patients (n
= 5) with UC were obtained from the IBD Biobank of the UCLA, Center for Inflammatory
Bowel Diseases (see patient clinical phenotypes, Table 5).

RNA isolation

RNA was extracted from colonic biopsies and mouse colonic tissues, after homogenization
using Trizol® (Invitrogen), according to the manufacturer’s instructions, with some
modifications. Specifically, two extra washing steps of the RNA pellet with 70% ethanol
were added, in order to ensure minimal phenol contamination of the sample. The purity of
the samples was evaluated by estimating the ratios of A260nm/A230nm and A260nm/
A280nm for phenol and protein contamination, respectively, using a microplate
spectrophotometer (Synergy HT, BioTek); only samples with ratios >2.0 were used in our
analyses. Furthermore, the integrity of the RNA was evaluated by the Bioanalyzer 2100
(Agilent) and samples with RNA integrity number (RIN) higher than 7.0 were included in
the study.

In situ hybridization

For the localization of the microRNA miR-4284, paraffin embedded sections of biopsies
provided by MGH biorepository were used for in situ hybridization. Custom miRCURY
LNA™ microRNA detection probes for miR-4284 were designed and labeled with DIG at
both 3’- and 5’-ends, and used according to the manufacturer’s instructions (Exigon).

Cell transfections

Cells were seeded in 6 well plates (250,000 cells/well) and transfected with the mirVana
miR-4284 mimic (Ambion) or its negative control, at a final concentration of 50 nM, using
the transfection reagent FUGENE6 (Promega), according to the manufacturer’s guidelines.
Cells were harvested 42 hours post-transfection and RNA was isolated.
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Luciferase reporter plasmid psiCheck2-CXCL5-3"UTR carrying the 3’UTR of CXCL5 was
used. Sequential transfection was performed; first, the reporter plasmid (4 pg plasmid per
1x10°% cells) was transfected using FUGENE6 (Promega) and 24 hours later, cells were
transfected with a final concentration of 50 nM miRNA mimics/inhibitors or the respective
negative controls, provided by the manufacturer, as described above.

MicroRNA expression analysis

MicroRNA expression analysis was performed in sigmoid biopsies from 5 pediatric UC
patients and 5 non-IBD pediatric patients (controls) using the miRCURY microRNA Array
Profiling (Exigon Inc.). These samples were provided from the bio-repository at
MassGeneral Hospital for Children Pediatric inflammatory bowel disease. Primer sets for
the microRNAs, as well as primers for the reference genes U6 snRNA and 5S rRNA, were
provided by Exiqon and used according to manufacturer’s instructions (Exigon Inc.).

Real-time quantitative PCR analysis

MRNA levels were assessed by real-time PCR on a CFX384 detection system (Bio-Rad).
Real-time PCR for the mRNA levels of CXCL5, Cxcl5 and GAPDH was performed using iQ
SYBR Green supermix (BioRad). Primer sequences are provided in Supplementary Data.

Bioinformatics analysis

Bioinformatics analyses were performed using microRNA databases Targetscan6
(www.targetscan.org, release 6.2) and microRNA.org!’ (http://www.microrna.org, August
2010 release), based on the sequence of hsa-miR-4284.

Mouse models of experimental colitis

Eight to ten weeks old, C57BL/6 male mice (The Jackson Laboratory, ME) were treated
with an established protocol for experimental chronic colitis. Specifically, for the dextran
sulfate sodium (DSS)-colitis mouse model, mice were maintained on 3% DSS-water for 5
days with an interval of 14 days on regular water, provided ad libitum, for a total of three
cycles. Mice were then sacrificed and colonic tissues were collected.

IL-10 knockout (IL10-KO) mice on the C57BL/6 background were purchased from Jackson
Laboratory. For the experiments, 8 week-old male IL-10 KO mice and their wild type
littermates were single housed and treated with piroxicam (Sigma) (80 mg per 250 gr of
food) for two weeks. Piroxicam, is a non-steroidal anti-inflammatory drug used to accelerate
the development of colitis in the genetically susceptible IL10-KO mice, as previously
described.1® Tissues were harvested two weeks following piroxicam cessation.

Results

Identification of a 24-microRNA signature in colonic tissues from pediatric UC patients

We first sought to identify the microRNA profile of colonic tissues derived from pediatric
UC patients as compared to non-1BD pediatric controls (Controls). A cohort of 10 sigmoid
biopsies, five for each group, was used for this analysis (Table 1). Our analysis revealed 24
microRNAs to be significantly deregulated between the two groups and the average levels of
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differential expression are shown here on a heatmap format (Figure 1A). Interestingly, a
novel microRNA, miR-4284, was identified as the most deregulated microRNA (~12-fold
reduction) in the colonic biopsies of pediatric patients, compared to non-IBD controls.

To verify the profiling results, we performed real-time qPCR analysis for miR-4284 in a
second cohort of patient samples. Specifically, we used 18 colonic biopsies from non-IBD
pediatric patients (control group) and 9 biopsies from pediatric patients with active UC. In
agreement with the microRNA profiling data results, miR-4284 levels were significantly
decreased in the pediatric UC samples, compared to controls (Figure 1B).

miR-4284 is specifically deregulated in pediatric UC and its levels correlate with disease

activity

miR-4284 is

To further investigate the association of miR-4284 levels with disease activity we used a
cohort comprised of biopsies from patients that were in remission (Inactive UC, n = 8) and
patients with active UC (n = 8). RNA extracted from the biopsies was analyzed by real-time
PCR and the levels of miR-4284 were estimated. We found that miR-4284 levels were
significantly decreased in the active UC samples, with an observed 7-fold reduction,
compared to the inactive UC controls (Inactive UC 0.15 vs. Active UC, set to 1.00) (Figure
2A).

To address the specificity of this deregulation, we estimated the levels of miR-4284 in a
group of adult patients in remission (Inactive adult, n = 16) and another group of adult
patients with active UC (Active adult, n = 16). As shown in Figure 2B, there is no
significant difference between the two groups in the adult tissues, indicating that the
deregulation of miR-4284 is specific to pediatric UC patients.

The clinical characteristics of both of the cohorts described are available in Tables 3 and 4,
respectively.

localized in colonic epithelial cells derived from pediatric colonic tissues

To gain insight into the cell population in which miR-4284 deregulation takes place, we
applied in situ hybridization on sections of biopsies from pediatric UC patients with inactive
and active disease, using DIG-labeled probes specific for miR-4284. As shown in
representative pictures (Figure 2C), miR-4284 (blue stain) is abundant specifically in the
epithelial cells of the biopsies derived from patients with inactive UC, while it is not
detected in the sections from patients with active UC. This provides strong evidence that the
deregulation of miR-4284 that we identified in the previous analyses is mainly due to
deregulation of this microRNA in the epithelial population of the colon of pediatric patients.

miR-4284 regulates directly CXCL5 expression through binding in its 3’'UTR

Bioinformatics analysis using databases Targetscan (www.targetscan.org, release 6.2) and
microRNA.org, based on the sequence of miR-4284, predicted possible targets of this
microRNA. We selected candidate targets known to be involved in pathways relevant to
IBD pathogenesis. Interestingly, CXCL5, a chemokine reported to be involved in the
pathogenesis of adult UC4, was one of the predicted targets (Figure 3A). Furthermore, it
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has been previously shown that CXCLS5 is mainly expressed in the colonic epithelial cells of
UC patients.® These observations make CXCLS5 an attractive target for miR-4284 and can
explain the role of this microRNA in the pathogenesis of the disease.

To verify the direct interaction of miR-4284 with the 3’UTR of CXCLS5, luciferase activity
reporter assays were performed using a plasmid containing the luciferase gene, followed by
the 3’UTR of CXCLS5. Co-transfection experiments of the reporter plasmid and miR-4284
mimics - or the corresponding negative control - in HEK293T cells, resulted in a significant
decrease in luciferase activity, compared to the negative control mimics (Control), indicating
the direct interaction of miR-4284 with CXCL5 (Figure 3B).

Additionally, we determined the endogenous levels of CXCL5 mRNA after introduction of
mimics or inhibitors of miR-4284 in non-transformed human colonic epithelial NCM460
cells. Real-time PCR for the levels of CXCL5 mRNA revealed a dramatic decrease (~50-
fold) of CXCL5 in the presence of miR-4284 mimics and conversely a ~12.5-fold increase of
CXCL5 when inhibitors of miR-4284 were introduced into the cells, compared to their
corresponding negative controls (Figure 3C). Thus, these findings strongly support the direct
regulation of CXCL5 by miR-4284 in colonic epithelial cells.

CXCL5 mRNA is significantly increased in the colonic biopsies from pediatric UC patients
and correlates with disease activity and inflammatory status

To verify the clinical relevance of the miR-4284/CXCLS5 interaction, the mRNA levels of
CXCLS5 in the biopsies from the different cohorts of pediatric patients were estimated.
CXCL5 mRNA levels were significantly increased when comparing colonic biopsies of
pediatric UC to non-1BD patients (Control) (Figure 4A). The same holds true for the colonic
biopsies from pediatric patients with active UC when compared to pediatric patients in
remission (Inactive UC) (Figure 4B).

To further establish the correlation of the deregulation of miR-4284 with the levels of
CXCL5 we analyzed a set of five pairs of biopsies, acquired at the same visit, from inflamed
and non-inflamed areas of the large intestine of each pediatric UC patient. There was an
significant decrease in miR-4284 levels (more than 2-fold, in 4 out of 5 pairs) (Figure 4C),
combined with an increase in CXCL5 mRNA levels (more than 15-fold in 4 out of 5 pairs) in
biopsies obtained from the inflamed area, as compared to their matched biopsies from non-
inflamed areas (Figure 4D).

The above findings, when combined with the decreased levels of miR-4284 we observed for
all the different cohorts analyzed, support a novel functional role of miR-4284 in pediatric
UC patients by regulating the levels of CXCL5 in colonic epithelial cells.

The miR-4284/CXCLS5 axis in two mouse models of experimental colitis

To validate the relationship of miR-4284/CXCLS5 deregulation with the development of
colitis, two different mouse models of experimental colitis were used; the chemically
induced DSS-chronic colitis mouse model and the genetically modified IL10-deficient
(IL10-KO) mouse model. The levels of miR-4284 and CXCL5 mRNA were estimated in the
colonic tissues of the mice, after establishing colitis. In the DSS model of chronic colitis,
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miR-4284 levels in the colonic tissues of the DSS-treated mice were decreased 2-fold
(Figure 5A), while CXCL5 mRNA levels were increased 19-fold (Figure 5B), compared to
untreated mice (Control). Similarly, in the IL10-KO mouse model, miR-4284 levels were
decreased 2.3-fold (Figure 5C), while CXCL5 mRNA levels were increased 3.9-fold (Figure
5D), compared to wild-type controls.

Discussion

A lot of effort has been invested to identify susceptibility loci in patients with 1BD.1% 20 |t js
evident that a complex disease such as IBD cannot be understood unless multiple layers of
immunoregulation and all of the genetic contributors to its pathogenesis are identified and
viewed in context.?! In addition to standard treatments with 5-aminosalicylates,
corticosteroids and immunomodulators, the use of anti-TNF monoclonal antibodies for the
treatment of IBD has been effective and benefited exponentially more patients.22 However,
the substantial costs and a number of treatment failures associated with these approaches,
manifested as primary nonresponse or loss of response, indicate the need for new therapeutic
modalities and better methods for monitoring disease activity in IBD patients.23
MicroRNAs, providing a previously unappreciated level of transcriptional modulation, can
offer the potential missing link between known immunologic factors, may reveal new targets
that contribute to pathogenesis and can provide new biomarkers for monitoring disease
activity.24

In the present study we took the approach of molecular profiling analysis in biopsies of
pediatric patients with UC, followed by validation using real-time PCR in another cohort of
patients. Our analysis revealed a 24-microRNA signature in pediatric UC patients, compared
to pediatric patients that underwent colonoscopy but were not diagnosed with IBD. Among
the deregulated microRNAs identified was miR-124, which we recently reported to be
epigenetically down-regulated in pediatric UC samples.1 Furthermore, several microRNAs
(miR-21, miR-146b, miR-24 and let-7) known to regulate the inflammatory response were
found to be deregulated in pediatric UC tissues.25-28

On the other hand, the microRNA with the largest down-regulation was miR-4284.
Mir-4284 has never before implicated in IBD or any other inflammatory disease, and has
only very recently reported to be deregulated in clear cell papillary renal cell carcinoma
(CCPRCC).2% The functional role and the target/s of miR-4284 in the above reports were not
investigated. Interestingly, in the present study, we found miR-4284 to be down-regulated in
a UC-patient group with active disease, compared to subjects with inactive UC. The same
analysis was performed in colonic tissues from adult patients with active and inactive UC,
where no significant difference in the levels of miR-4284 was detected. Collectively, our
findings provide evidence that a novel microRNA, miR-4284, in the colonic tissue is a
potential marker of UC specifically in pediatric patients and that the down-regulation of this
microRNA can also indicate the activity of the disease in these patients.

It is known that microRNAs exert their function(s) through direct regulation of gene
expression binding to the 3°UTR.# We explored for possible direct miR-4284 gene targets
that have been implicated in IBD pathogenesis. Among others, CXCL5 was predicted by
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sequence complementarity algorithms as a possible target of miR-4284. Interestingly,
CXCL5 has been reported to be up-regulated in UC patients and shown to be specifically
expressed by colonic epithelial cells of these patients.14 15 CXCLS5 has been established as a
facilitator of neutrophil recruitment to sites of epithelial injury along with 1L-8.30 Of note,
previous studies have shown that inhibition of Cxcl5 or its receptor CXCR2,31: 32 can affect
the development of experimental colitis in mouse models, supporting the therapeutic
potential of targeting CXCL5 through miR-4284.

The human relevance of miR-4284/CXCL5 interaction was established by analyses of the
same pediatric biopsies in which the decreased miR-4284 levels were identified. We were
able to verify this inverse correlation of miR-4284/CXCL5 experimentally in two different
models of experimental colitis. The present study supports even further the notion that these
mouse models may more closely mimic the pathogenesis of pediatric rather than adult UC,
at least at the microRNA-level. If this is verified, it could allow for considering these models
a better approximation of pediatric UC and allow investigation of the function and the
potential therapeutic role of microRNAs through the modulation of their levels in the gut
mucosa of these mouse models.

Overall, this study presents evidence for the role of a novel microRNA, miR-4284, in the
pathogenesis of pediatric UC, modulating the levels of CXCLS5 expression in the colonic
epithelial cells, associated with pediatric UC disease activity (Figure 6). The specificity of
miR-4284 down-regulation in pediatric UC colonic tissues makes it a potential biomarker as
a monitoring tool for disease progression.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(A) MicroRNA profiling in biopsies from pediatric UC patients (UC, n = 5) revealed a
signature of deferentially regulated microRNAs, as compared to non-1BD pediatric patients
(Control, n = 5). Heatmap representation and the fold-change in the relative levels of each
deregulated microRNA (red indicates up-regulation, green down-regulation). (B) Real-time
PCR for miR-4284 levels was performed in biopsies from pediatric patients with no-IBD
(Control, n = 18) and with UC (n = 9). Data are presented as scatter plots, lines represent the
mean. *p < 0.05, t-test, Prism6 (GraphPad Software Inc.).
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Figure 2.
Real-time PCR for miR-4284 in biopsies from pediatric and adult patients with inactive or

active UC. (A) Pediatric tissues: Inactive UC: n = 8, Active UC: n =8 and (B) Adult tissues:
Inactive UC: n = 16, Active UC: n = 16. Data are presented as scatter plots, line represents
the mean. *p < 0.05, ns: not statistically significant, t-test, Prism6 (GraphPad Software Inc.).
(C) In situ hybridization for miR-4284 (blue stain) in sections of colonic biopsies from
pediatric patients with inactive or active UC, as indicated. Representative microscopy
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pictures are shown in magnification 100x and 200x (insert), as indicated. Scale bars
represent 100 um. Nuclear Fast Red was used for nuclear counter staining (red stain).
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Figure 3.

(A) Predicted miR-4284 binding sites in the 3’UTR of CXCL5 with sequence
complementarity and phylogenetic conservation of the 8 nt seed-sequence indicated, as
predicted by miRNA databases Targetscan and microRNA.org. (B) Luciferase assays using
a reporter vector (psiCHECK?2) carrying the 3’UTR of CXCL5 inHEK?293T cells transfected
with negative control microRNA mimics (Control, 50 nM) or miR-4284 mimics (50 nM),
for 36 hours. Experiments were performed in triplicates; values represent mean £SD, **p <
0.01, t-test analysis, Prism6 (GraphPad Software Inc.). (C) Real-time PCR for endogenous
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Page 15

CXCL5 mRNA levels in NCM460 colonic epithelial cells transfected with 50 nM mimics
(miR-4284) or inhibitors of miR-4284 (a-miR- 4284), as compared to their respective
negative controls. Values represent mean +SD.
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(A) Real-time PCR for CXCL5 mRNA levels in biopsies from pediatric no-IBD (Controls, n
= 18) patients vs. UC patients (n = 9). (B) Real-time PCR for CXCL5 mRNA levels in a
cohort of biopsies from UC patients with inactive (n = 8) or active disease (n = 8). *p < 0.05,
t-test, Prism6 (GraphPad Software Inc.). Real-time PCR for the levels of (C) miR-4284 and
(D) CXCL5 mRNA in matched samples of biopsies acquired from non-inflamed and
inflamed colonic areas of five pediatric patients with ulcerative colitis, collected at the same
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visit for each patient. Data represent the levels of each target, relative to the levels of the
matched non-inflamed biopsy.
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Figure 5.
Real-time PCR for miR-4284 and CXCL5 mRNA levels in colonic tissues from two mouse

models of experimental colitis. (A—B) Chronic colitis DSS-induced mouse model. Wild
type, C57BL/6J, mice were kept on 3% DSS-containing water ad libitum (DSS, n = 7), for 3
cycles of 5 days, interrupted by 16 days of regular water, as described in the methods
section. Mice kept on regular water served as controls (n = 7). (C-D) IL10-deficient mice
(IL10-KO, n = 7) and wild-type controls (WT, n = 7) were fed piroxicam-containing diet for
2 weeks, followed by 2 weeks of regular chow. Colonic tissues were collected and RNA was
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extracted. Data are presented as boxes with whiskers, from minimum to maximum. *p <
0.05, **p < 0.01, t-test, Prism6 (GraphPad Software Inc.).
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Inactive pediatric UC Active pediatric UC

miR-4284
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CXCL5 mRNA

Decreased inflammatory
response
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Figure 6.
Schematic representation of the proposed role of miR-4284 in the pathogenesis of ulcerative

colitis in pediatric patients. Our data suggest that miR-4284 controls the expression of
CXCLS5 in the colonic epithelial cells of pediatric patients following the disease activity. In
remission (inactive disease) miR-4284 is abundant, leading to low levels of CXCL5 mRNA
and subsequently lower expression of CXCL5. During the active state of the disease,
decreased levels of miR-4284 allow for higher expression of CXCL5 resulting in neutrophil
recruitment and the subsequent inflammation in that area of the gut.
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Clinical characteristics of the cohort comprised of adult patients with Inactive (N1-N16) or Active (11-116)

disease.
Sample | Gender | Age Remarks
N1 Female 73 CECUM
N2 Male 40 COL. ASCENDING
N3 Female 42 CECUM
N4 Female 41 CECUM
N5 Male 26 RECTUM
N6 Male 50 COL. ASCENDING
N7 Female 40 COLON
N8 Female 40 COLON
N9 Male 45 COLON
N10 Male 66 COLON
N11 Male 29 COLON
N12 Female 73 COLON ASCENDING.
N13 Male 60 COLON
N14 Male 65 COLON
N15 Male 58 COLON
N16 Male 48 COLON
11 Female 73 COL.TRANSVERSE
12 Male 40 COL. DESCENDING
13 Female 42 COL.ASCENDING
14 Female 41 COL. DESCENDING
15 Male 26 COL. DESCENDING
16 Male 50 COL. DESCENDING
17 Female 40 COLON
18 Female 40 COLON
19 Male 45 COLON
110 Male 66 COLON
111 Male 29 COLON
112 Female 73 COLON ASCENDING.
113 Male 60 COLON
114 Male 65 COLON
115 Male 58 COLON
116 Male 48 COLON
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TABLE 5
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Clinical characteristics of ulcerative colitis pediatric patients with matched biopsies from non-inflamed and
inflamed areas.

Patient

Non-Inflamed

Inflamed Age Gender

1 Terminal ileum  Terminal ileum 13 Female
2 Terminal ileum Cecum 13 Female
3 Terminal ileum Rectum 17 Male
4 Terminal ileum Cecum 17 Male
5 Terminal ileum Rectum 16 Female
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