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Abstract: Among the different models developed to unders-
tand the biology of inflammation in ulcerative colitis (UC), the
model of colitis induced by Dextran sulfate Sodium (DSS) is
the most used because of its simplicity, its cost effectiveness
and similarity with ulcerative colitis in humans. It’s known that
DSS can change the expression of some genes. The aim of this
work is to know the changes in the expression profile of Ulce-
rative Colitis Disease (UCD) related genes in the colon of rats
treated for 5 days with 8% DSS, in order to better characte-
rize this model. The workflow consisted in the biopsy collec-
tion from distal colon, followed by total RNA extraction and
analysis of gene expression by quantitative RT-PCR (qPCR) of
55 genes related to inflammation, epithelial integrity, oxidati-
ve stress, as well as proliferation and differentiation cellular.
Sixty percent of the analyzed genes change their expression
with statistically significance, 5 genes were upregulates and
28 genes were downregulates. The upregulates genes are re-
lated with inflammation and oxidative stress. The downregula-
tes genes are related with the integrity of the epithelial barrier
and also with cellular proliferation and differentiation, both
process involved in the intestinal epithelial renovation. These
results support the use of this animal model in the develop-
ment of new drugs against ulcerative colitis.

Key words: dextran sodium sulfate, ulcerative colitis disease,
animal model, gPCR analysis.

|
Introduction

Ulcerative Colitis (UC) is a multifactorial disease of com-
plex etiology that is not yet fully deciphered.

It is widely accepted that UC is an immune condition as a
consequence of a deregulated contact between the microbiota
and the colon, associated with chronic inflammation and oxi-
dative stress (OS)"2

The intestinal epithelium and mucopolysaccharides over-
lying form a physical barrier which limits access of intestinal
microbiota to the submucosa. At the same time, the mucus la-
yer also contains antimicrobial proteins such as IgA that form
a biological barrier, which contributes to maintaining immune
homeostasis® *°,

The intestinal epithelium is in constant renewal, from the
intestinal stem cells (ISC), residents in the crypts of the intes-
tinal epithelium®.

The Wnt / B-catenin pathway is one of the fundamental
pathways in the differentiation of intestinal cells. B-catenin ac-
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Resumen: Entre los diferentes modelos desarrollados para
comprender la biologia de la inflamacion en la colitis ulcerosa
(CU), el modelo de colitis inducido con dextran sulfato sédico
(DSS) es el mas utilizado por su simplicidad, su costo y
similitud con la colitis ulcerosa en humanos. Se sabe que DSS
puede cambiar la expresion de algunos genes. El objetivo de
este trabajo es conocer los cambios en el perfil de expresién de
los genes relacionados con la enfermedad de colitis ulcerosa
en el colon de ratas tratadas durante 5 dias con de DSS al 8%,
con el fin de caracterizar mejor este modelo. El flujo de trabajo
consistid en la recoleccion de biopsias del colon distal, seguida
de extraccion de ARN total y el andlisis de expresién génica
mediante RT-PCR cuantitativa (qPCR) de 55 genes relacionados
con inflamacién, integridad epitelial, estrés oxidativo, asf
como proliferacién y diferenciacién celular. Sesenta por
ciento de los genes analizados cambian su expresién con
significacion estadistica, 5 genes aumentaron su expresion y
28 genes estaban disminuyeron en su expresion. Los genes
con elevada expresion estan relacionados con la inflamacion
y el estrés oxidativo. Los genes con expresion disminuida se
relacionan con la integridad de la barrera epitelial y también
con la proliferacion y diferenciacion celular, ambos procesos
implicados en la renovacion del epitelio intestinal. Estos
resultados apoyan que este modelo animal pueda ser usado
en el desarrollo de nuevos farmacos contra la colitis ulcerosa.

Palabras clave: dextran sulfato sddico, enfermedad de colitis
ulcerativa, modelos animales, andlisis por RCP cuantitativo.

tivates specific transcriptional factors that control differentia-
tion in different types of intestinal epithelial cells’.

B-catenin is positively regulated by the PI3k/AKT pathway
and by the enzyme Casein kinase (CSNK)7 &9,

In the process of differentiation, ISCs generate Transit
amplifying Cells (TAC), which continue to differentiate into
adult intestinal epithelial cells. The TAC compartment also
maintains an active proliferation process, which is stimulated
through EGF*.

The model of colitis based on the use of Dextran Sulpha-
te Sodium (DSS) is the most commonly used to study several
aspects of this disease such as therapy and pathogenesis (es-
pecially the role of the permeability and destruction of epithe-
lium), it’s a simple and inexpensive model. In general, acute
colitis is induced using high concentrations of DSS for short
periods of time (4-14 days)*.

Although DSS-induced colitis is thought to be caused by
direct cytotoxicity, it is reported that colitis by DSS can change
the expression profile of certain genes'? 13,

In order to have a molecular evidence for the effectiveness
of DSS in generating an experimental model of UC in rats, we ex-
plored by gPCR the gene expression profile of 61 IBD related ge-
nes in biopsies taken from distal colon of rats treated with DSS.
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Materials and methods

Experimental Design

Ten male Wistar Rats weighing 300-400 grams were
divided randomly into two equal groups (n=5). The animals
were housed in specific pathogen-free conditions according to
the Guide for the Care and Use of Laboratory Animals'4. Colitis
was induced by adding 8% DSS 40KDa (Applichen, Germany)
to drinking water, ad lib., during five days. (Fig 1).

Rats from day O and 6 were sacrificed and tissues from
distal colon were collected. The tissue was longitudinally
cut and preserved in RNAlater ® Solution (Ambion, AB apply
Biosystem, USA) for RNA isolation.
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Figure 1. Workflow: from treatment of rats with DSS until
gPCR analysis.

Isolation of RNA

Samples were processed on a Tissue Lyser unit (Qiagen,
Hilden, Germany), extracting total RNA with RNeasy® Plus
(QIAGEN GmbH, Germany) using the Quiacube platform. RNA
purity and yield were determined using a NanoDrop Spectro-
photometer (NanoDrop Technologies, USA), and RNA integrity
number (RIN) was determined using a Bioanalyzer (Agilent,
2100, USA).

cDNA synthesis

First-strand complementary DNA (cDNA) was synthe-
sized from 1lpg total RNA using Superscript Il First-Strand
Synthesis Supermix for RT-PCR (Invitrogen Technologies, Car-
lsbad, California, USA) and oligo-dT primers following fabri-
cant’s instructions.

gPCR and Bioinformatics Tools

The primer3 web application was used to design 26 gPCR
primers with a length of 22 bases and an average GC con-
tent of 50% (table 1), Genes as: GAPDH, MAP2K5, MAPKG,
RPL13A and YWHAZ were selected and tested as reference,
due to the stability of their transcription levels across the en-
tire sample set. We employed real-time PCR to analyze gene
expression levels in colon samples of animals treated with 8%
DSS (Gll) vs. untreated (Gl). A total of five biological replicates
from each group were included, using also three technical re-
plicates per gene.

The reactions were performed in a volume of 20 ul, inclu-
ding 10 pl of PCR TM Absolute QPCR SYBR Green Mix (Ther-
mo Scientific), 6 pl of primers (70 nM) and 4 pl of cDNA diluted
by a factor of 25. The reactions were incubated in an optical
detection rotor for 36 tubes at 95°C for 15 min, followed by 40
cycles of 95°C for 15 s, 60°C for 30 s and 72°C for 30 s. gPCR
data analysis was performed with CapitalBio RT-Cycler series
analysis software, Version 2.001 (CapitalBio Co., Ltd., Beijing,

China). Relative quantification of gene expression was perfor-
med using the software REST 2009 v2.0.13 (Qiagen GmbH,
Germany). The LingReg software (version 11.3, 2009, Amster-
dam, Netherlands) was used to estimate the efficiency of PCR
and, the geNorm software was used for the selection of more
stable reference genes in a given cDNA sample panel'®.

Evaluation of gene expression of the EGF / PDGF
pathways

The gPCR was performed in Light Cycler 480 (Roche, Ger-
many), following the protocol: Real time PCR for RT2 profiler
PCR array format C, in 96 well plates of EGF / Pdgf signaling
pathway (cat: PARNO40Z, Quiagen, Germany). The standardi-
zation experiments of the gPCR, the evaluation of reference
genes as well as the differential expression of the interest ge-
nes was performed simultaneously using bioinformatic packa-
ge RT2 profiler PCR Array Data Analysis version 3.5 (Qiagen
GmbH, Germany).

In all cases, Changes in expression were considered sta-
tistically significant when the P value is less than 0.05.

|
Results

Eight of the ten genes related to inflammation and oxida-
tive stress increased their expression, five of them did so with
statistical significance (IL-6, TIMP1, NFKB, INOs and NOXO1)
(figure 2A.). The five genes involved with the integrity of the
epithelial barrier decreased their expression, two of them sig-
nificantly (TFF3 and PIGR) (figure 2B).

With respect to the genes related to the cell differen-
tiation process, a significant decrease in the ELF3 and KLF4
transcription factors of the Wnt / catenin Xl pathway was ob-
served (figure 2C). In relation to the genes that regulate the
activation of catenin [, a statistically significant decrease was
observed in five genes of the PI3K-AKT pathway and the CNS-
K2B gene of casein kinase (figure 2D).

On the other hand, there was a general decrease in the ex-
pression of the genes of the growth factor pathway, being sta-
tistically significant in eleven of them (EGF, Pdgfa, Pdgfb, Gabl,
Bcar, Nck2, RAP1A, RAFal, MAPKL, MAPK3 and MAPK9) (fi-
gure 2E).

|
Discussion

The increased expression of genes related to inflam-
mation and oxidative stress, suggest the existence of these
processes in the colon of the animal model (figure 2A).

The intestinal epithelium constitutes a physical barrier
that protects the submucosa from the intestinal microbiota.
Mucin2 and trefoil factor form a layer that covers and protects
the intestinal epithelium. In addition, the trefoil factor, through
its anti-anoikis function, enables the intestinal cells to migrate
and cover the ulcer areas, allowing the restoration of the epi-
thelium?® 4,

IgA antibodies in mucosal secretion contribute to immune
homeostasis by limiting the access of environmental antigens
and microbiota to the submucosa. The PIGR gene codes for the
Fc receptor that facilitates the secretion of IgA. 5 It is reported
that the decrease in the expression of the PIGR gene in the
colonic mucosa is correlated with the severity of the inflam-
matory bowel desease!.

Therefore, decreased expression of the TFF3 and PIGR ge-
nes (figure 2B) could compromise the integrity of the epithelial
barrier, a key factor in the development of ulcerative colitis.
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Table 1. Primer sequences used for g PCR analysis, of genes related with inflammation, oxidative stress, Epithelial Integrity,
transcription factors involved in differentiation of intestinal epithelial cells (IEC) and reference genes.

Accession Sense Primer 5°-3° Antisense Primer 5°-3° Biological function
No.
IL6 | NM_000600. | GATACCACCCACA | CAGTGCATCATCGCTG Inflammation
4 ACAGACCAG TTCATA
TIMP1 | NM _003254. | CTCAGCAAAAGGC | AGCCCATGAGGATCTG Inflammation
2 CTTCGTAAA ATCTGT
NFKB1 | NM 001165 | GATGGGACGACAC | CCAAGAGTCGTCCAGG Inflammation
412.1 CTCTACACA TCATAG
MMP2 | NM_001127 | AGCGAGCAGAGAC | GTTGATGCGGATACAG Inflammation
891.2 TCAAGGTTT CGATAG
PTGS2 | NM _000963. | ACAGATTGCTGGCC | TGGAGGCCTTTGCCAC Inflammation
3 GGGTTGCT TGCTTGT
INOS | NM_000625. | GGAAGAAATGCAG | TITCTGCAGGATGTCT Oxidative stress
4 GAGATGGTC TGAACG
NOXO | NM 001267 | GCAGTCGCCCTGAT | TGTCTGGCCATTATAC Oxidative stress
1 721.1 GAGCTA CTGCAC
GPX2 | NM _002083. | GGAACAACTACCC | GGCTGTTCAGGATCTC Oxidative stress
3 GGGACTACA CTCATT
SOD2 | NM_000636. | GGAGCAAGGTCGC | ATAGTAAGCGTGCTCC Oxidative stress
3 TTACAGATT CACACA
CAT | NM 001752, | AAGCGCTTCAACA | AGCTGAGCATCTTICA Oxidative stress
3 GTGCTAATG GGTGGT
MUC2 | NM_002457. | CAATCAAGCTGCCA | GTCTCCGACCTCTTCA Epithelial integrity
3 TGACAAA GTAGGG
TFF3 | NM _003226. | GTGGTTGCTGTTTT | GGCCACTACCATCAGC Epithelial integrity
3 GACTCCAG AAGAGT
CDH1 | NM 001317 | GTCCAGCCAATCCT | TCAGAACCACTCCCCT Epithelial integrity
184.1 GATGAAAT CATAGTC
PTGE | NM_000958. | ACCTCTCTGGTGGT | ATGGGGTTCACAGAAG | Epithelial integrity
R4 2 GCTCATCT CAATTC
KGF | NM _002009. | AATCAAAGGGGTG | TGATGCAGAGGTGTTG Epithelial integrity
3 GAAAGTGAA TAATGG
MATH | NM 005172, | TGGATGCAGTCGTG | AGCAGCCCAGCCAGTC | Transcription Factor
-1 1 GACCTGCA CGATTT
KLF4  NM 001314 = AAAAGAACAGCCA TCCCAGTCACAGTGGT | Transeription Factor
052.1 CCCACACTT AAGGTT
ELF3 | NM 001114 | CCCGAAAGCTGAG | ATTTCATGAGGCCTTC | Transcription Factor
309.1 CAAAGAATA GTTGAG
GFI1 | NM 001127 = GTGAGCCTGGAGC | CGGGTATCCGAGTGAA | Transcription Factor
215.1 AACACAAG TGAGTA
SOX9 | NM 000346, | CTCAGCAAGACTCT | GGTACTTGTAATCGGG | Transcription Factor
3 GGGCAAG GTGGTC
GLP2R | NM 004246. | TTCGACTCTTCATC | AGTGGCGGGCTAATAA | Transcription Factor
2 CAGCTGAC GAAGC
GAPD | NM 001256 | CAAGTTCAACGGC | ACCAGCATCATCACCC Reference gene
H 799.2 ACAGTCAAGG CATTTGATCTITG
MAP2 | NM_001206 | TTGTAAACACAAGC | CTTTCGGGTGCCATAT Reference gene
K5 804.1 GGACAGGT AAGCAT
MAPK | NM 002748, | TTAGTCGGGAAGC | CCGTTGGGAAAGAGTA Reference gene
6 3 ACTGGATTT GATGCT
RPL13 | NM 001270 | TCCGAGCCCCAAGC | AGCAGGGACCACCATC Reference gene
A 491.1 CGCATTTT CGCTIT
YWHA | NM 001135 | TTGGTGTGTGCTGG | TGTGCACGCAGACACA Reference gene
Z 699.1 CGGGGAAT CGGTCT

The intestinal epithelium is in constant renewal, from the
intestinal stem cells (ISC), residents in the crypts of the intes-
tinal epithelium®. The Wnt / p-catenin pathway is one of the
fundamental pathways in the differentiation of intestinal cells.

The PI3k / AKT pathway phosphorylates and inactivates
the enzyme glycogen synthase kinase 3p (GSK3p), which is an
inhibitor of B-catenin”®. On the other hand, the CSNK enzyme
phosphorylates a-Catenin, forcing it to release g-Catenin®. In
both cases, B-Catenin accumulates in the cytoplasm and en-
ters the nucleus, activating the Wnt pathway.

Five of the genes analyzed from the PI3K pathway and

the CSNK2B gene showed a statistically significant decrease
in expression (Figure 2D), which could imply a decrease in the
activation of g-catenin. All this is in correspondence with the
statistically significant decrease in the expression of trans-
cription factors of the Wnt pathway, KLF4 and ELF3 (Figure
2C), involved in the differentiation of goblets cells and there-
fore could explain the decrease in expression of the MUC2 and
TFF3 genes, both expressed by goblets cells.

In the process of differentiation, ISCs generate Transit
amplifying Cells (TAC), which continue to differentiate into
adult intestinal epithelial cells. The TAC compartment also
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Figure 2. Level of gene expression in colon biopsies of DSS-induced colitis evaluated by gPCR Data is represented as Log? ex-
pression ratio of Gl (DSS treated) vs Gl (control rats). The genes evaluated are related to: A) Inflammation and oxidative stress
B) Epithelial barrier formation C) Transcriptional factors of the Wnt / Catenin B pathway D) Regulator of Catenin g activation E)
Pathway of growth factors. Asterisks denote statistically significant changes in expression.
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maintains an active proliferation process, which is stimulated
through EGF'°.

In general it could be said that the pathway of growth fac-
tors is downregulated (Figure 2E), due primarily to the decrea-
sed expression of the EGF, PDGFA and PDGFB genes, together
with a statistically significant decrease of 6 genes that encode
proteins that participate in signal transduction, such as: GAB,
BCAR1, EPS8, NCK2 HRAS and KRAS™ 2, |t was also observed
a decrease in the expression of most of the analyzed genes
of the MAPK family, two of them with statistical significance
(MAPKS, MAPKQ9).

As a whole, all these changes in the expression profile
could affect the restitution of the intestinal epithelium and
thus favor the development of colitis.

|
Conclusion

This animal model reproduces colitis at the molecular
level, and could be a useful tool in the validation of new thera-
pies against it.

|
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