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a  b  s  t  r  a  c  t

Inflammatory  colorectal  polyps  (ICRPs)  are  commonly  seen in miniature  dachshund  (MD)
dogs;  typically,  multiple  polyps  form  with  severe  neutrophil  infiltration.  ICRP  is  thought
to  be a novel  form  of  inflammatory  bowel  disease  (IBD),  but its etiology  has  not  been
investigated.  The  innate  immune  system  is  implicated  in  the pathogenesis  of  both  human
and  canine  IBD.  Therefore,  the  aim of  the current  study  was  to evaluate  the  messenger
RNA  (mRNA)  expression  profiles  of  pattern  recognition  receptors  (PRRs)  and  cytokines  in
ICRPs. Polyp  tissues  were  collected  by colonoscopic  biopsies  from  24  MDs  with  ICRPs.  Non-
polypoid  colonic  mucosa  was  collected  from  all  MDs  with  ICRPs  and 21  clinically  healthy
beagles  (as  the  controls).  The  expression  levels  of  the  mRNAs  encoding  toll-like  receptors
(TLRs)  1–10;  nucleotide-binding  oligomerization  domain  (NOD)-like  receptors  NOD1  and
NOD2; and  cytokines  IL-1�,  IL-6, IL-8/CXCL8,  and  TNF-�  were  evaluated  by  quantitative
real-time  RT-PCR.  Three  of  the  10 well-known  candidate  reference  genes  were  selected  as
housekeeper  genes  based  on  analyses  from  the  GeNorm,  NormFinder,  and  BestKeeper  pro-
grams.  Levels  of  TLR1,  TLR2,  TLR4,  TLR6,  TLR7,  TLR8,  TLR9,  TLR10,  NOD2,  and  all cytokines
were  significantly  upregulated  in  the  polyps  relative  to those  in the  controls.  There  was sig-
nificant  decrease  in  the  expression  levels  of  TLR3  and  NOD1  in  the  polyp  tissues  compared
to  the  non-polypoid  colonic  mucosa  obtained  from  MDs  with  ICRPs.  All  upregulated  PRR
mRNAs  were  positively  correlated  with  all proinflammatory  cytokine  mRNAs.  This  study
demonstrated  the  dysregulation  of  PRRs  and  proinflammatory  cytokines  in  ICRPs  of  MDs,
which may  play  an important  role in  the  pathogenesis  of  this  disease.
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1. Introduction

Colorectal polyps are relatively common in dogs, and
most of these polyps are neoplastic polyps. Recently,
we reported that the miniature dachshund (MD) is the
breed most commonly affected by inflammatory colorectal
polyps (ICRPs) (Ohmi et al., 2012). ICRPs in MDs  typically
develop multiple polyps that are restricted to the colorectal
region, have severe inflammatory infiltration (predomi-
nantly with the neutrophils), and respond relatively well
to immunosuppressive therapy (Ohmi et al., 2012). There-
fore, ICRPs are thought to represent a novel form of canine
inflammatory bowel disease (IBD) (Ohta et al., 2013).

One of the etiologies of human and canine IBD is
hypothesized to result from the inappropriate activation of
mucosal immunity by various environmental factors such
as intestinal microbiota (Xavier and Podolsky, 2007). Innate
immune mechanisms recognize microorganisms and are
thought to be implicated in many inflammatory conditions
(Drexler and Foxwell, 2010). Pattern recognition receptors
(PRRs) are the key regulators of the innate immune system
in gastrointestinal mucosa that induce proinflammatory
and immunomodulatory responses in various cell types,
including immune and epithelial cells (Akira and Takeda,
2004). Toll-like receptors (TLRs) and nucleotide-binding
oligomerization domain (NOD)-like receptors (NLRs) are
the most characterized classes of PRRs, and many studies
have revealed that the dysregulation of TLRs and/or NLRs
can lead to inflammation (Becker and O‘Neill, 2007; Franchi
et al., 2008; Shibolet and Podolsky, 2007).

In human IBD, many studies have reported the upre-
gulation of TLR2 and TLR4 messenger RNAs (mRNA) and
proteins (Cario and Podolsky, 2000; Frolova et al., 2008;
Szebeni et al., 2008). In a recent study, TLR5, TLR8, and
TLR9 mRNA levels were also upregulated in ulcerative col-
itis patients and correlated with inflammatory activity (as
determined by endoscopy, histology, and transcription lev-
els of proinflammatory cytokines including IL-6 and TNF-�)
(Sánchez-Muñoz et al., 2011). Another study also identified
the hyperexpression of NOD2 in intestinal epithelial cells,
macrophages, and mast cells in Crohn’s disease patients
(Berrebi et al., 2003; Okumura et al., 2009).

Several reports have shown similar results in veteri-
nary medicine. TLR2, TLR4 and TLR9 mRNA levels were
also upregulated in the duodenal mucosa, and TLR2 was
weakly correlated with histological activity in dogs with
IBD (Burgener et al., 2008; McMahon et al., 2010). In Ger-
man  shepherds with chronic enteropathy, TLR4 mRNA
expression was also upregulated, while TLR5 (expressed
mainly in CD11+ dendric cells inducing anti-inflammatory
cytokines) expression was downregulated (Allenspach
et al., 2010). More recently, NOD2 mRNA and nuclear
factor-kappa B (NF-�B) activity were upregulated in dogs
with lymphocytic–plasmacytic colitis (Okanishi et al.,
2013).

Recently, a study reported an increase in proinflam-
matory cytokines in the colorectal mucosa of MDs  with
ICRPs (Tamura et al., 2013). However, to date, there are
no reports on the status of PRRs in MDs  with ICRPs. There-
fore, we hypothesized that the dysregulation of PRRs exists
in polypoid lesions in MDs  with ICRPs, which could be

correlated with the expression of proinflammatory
cytokines. We  conducted quantitative real-time PCR
(qPCR) analyses to quantify the expression levels of PRRs
and selected cytokines in polypoid lesions and non-
polypoid colonic mucosa in MDs  with ICRPs and in healthy
dogs. It is essential to select the appropriate multiple refer-
ence genes for accurate quantification (Peters et al., 2007).
Although Peters et al. (2007) have reported stable genes
in the colon, duodenum, and duodenal endoscopic biop-
sies, previous studies have not investigated the appropriate
combination of stable reference genes in colonic mucosa.
Thus, we also assessed combinations of the most stably
expressed reference genes.

2. Materials and methods

2.1. Animals

Tissue samples were obtained from MDs  referred to
the Veterinary Medical Center of the University of Tokyo
for investigation of chronic hematochezia and/or tenesmus
and detected colorectal polyps endoscopically between
July 2011 and October 2013. Dogs diagnosed histopatho-
logically with ICRPs were included in this study, while
dogs with colorectal adenoma or adenocarcinoma were
excluded.

As healthy controls, 21 beagles were used in this study.
These dogs had no clinical signs of gastrointestinal disease
and showed no abnormalities, as determined by blood test,
fecal examination, and ultrasound. The use of dogs in this
study was approved by the Animal Care Committee of the
University of Tokyo (Approval No. P11-530, 2 June 2011).

2.2. Sample collection

Colonoscopy was performed in all dogs under seda-
tion (butorphanol) or general anaesthesia (premedication
of butorphanol and midazolam, propofol and isoflurane)
using a VQ-8143B flexible videoendoscope (Olympus Med-
ical Systems Co., Tokyo, Japan). Mucosal specimens of
polypoid lesions were collected from MDs  with ICRPs. As
controls, colonic mucosa without macroscopic polypoid
lesions was collected at the descending colon of MDs with
ICRPs and from healthy beagles. Multiple mucosal biopsies
were taken by using the FB-54Q-1 biopsy forceps (Olym-
pus Medical Systems Co.) or an electrosurgical snare (ICC
200, ERBE Co., Tubingen, Germany). One to two mucosal
specimens collected from polypoid lesion or non-polypoid
colonic mucosa were used for RNA extraction, and at least
4 mucosal specimens or a large polypoid tissue resected by
polypectomy were submitted for histopathology. Samples
for total RNA extraction were immediately submerged in
RNAlater (Qiagen Inc., Valencia, CA) and stored at −80 ◦C
until use. Samples for histopathology were placed in 10%
formalin, and hematoxylin and eosin-stained sections were
prepared.

2.3. Evaluation of candidate reference genes

In total, 30 tissue samples were derived from 10 poly-
poid samples, 10 non-polypoid colonic mucosa samples
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