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ABBREVIATIONS

Ab: antibody

CCECAI: canine chronic enteropathy clinical activity index
CD: Crohn’s disease

cDNA: complementary DNA

Ct: cycle threshold

CXCL: CXC chemokine ligand

DAPI: 4', 6'-diamidino-2-phenylindole

DNA: deoxyribonucleic acid

DW: distilled water

ELISA: enzyme-linked immunosorbent assay
GAPDH: glyceraldehyde-3-phosphate dehydrogenase
HC: healthy controls

HMBS: hydroxymethyl-bilane synthase

Ibal: ionized calcium binding adapter molecule 1
IBD: inflammatory bowel disease

ICRPs: inflammatory colorectal polyps

IL: interleukin

LPC: lymphocytic-plasmacytic colitis

LPE: lymphocytic-plasmacytic enteritis

mADb: monoclonal antibody

MRNA: messenger RNA

OD: optical density

PBS: phosphate-buffered saline

RNA: ribonucleic acid

RT-PCR: reverse transcription-polymerase chain reaction
SDHA: succinate dehydrogenase complex, subunit A
Th: helper T

TNF: tumor necrosis factor

UC: ulcerative colitis
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GENERAL INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the
gastrointestinal tract. Crohn’s disease (CD) and ulcerative colitis (UC) are the most
common forms of human IBD. CD involves any part of the gastrointestinal tract, most
commonly the terminal ileum or the perianal region, in a non-continuous fashion. The
microscopic features of CD include thickened submucosa, transmural inflammation,
fissuring ulceration, and non-caseating granulomas [3, 9, 32]. In contrast, UC is
characterized by inflammation that is limited to the colon: it begins in the rectum,
spreads proximally in a continuous fashion and frequently involves the periappendiceal
region. Bloody stools and irregular crypt architecture are solely or more often observed
in UC patients. Histologically, UC shows superficial inflammatory changes limited to
the mucosa and submucosa with cryptitis and crypt abcesses [3, 32, 74]. The numbers of
patients with human IBD are increasing more and more all over the world including
Japan [37, 45]. Though the etiology is still unknown, genetic and environmental factors
are thought to be involved in the pathogenesis of human IBD [32, 35]. Genome-wide
association studies in human IBD patients identified genetic risk loci about barrier
function, innate immune defense, and lymphocyte activation [32]. The intestinal
microbiota has a critical role in this formation and maintenance of gut immune systems
[12, 14, 37, 53]. Previous reports revealed that the rearing environment is a major factor
in the determination of the intestinal microbiota profiles in mice [11, 15]. Improved
hygiene is believed to result in a limited exposure to micro-organisms. Such exposure is
thought to be necessary in the formation of intestinal microbiota and development of

immune system in the gut, and decreased its future inflammatory responses [11, 35].



Breakdown of this regulation are thought to lead to the development of human IBD [12,
35].

Intestinal T cells and macrophages are considered to be key players involved in
abnormal cytokine production in human IBD [2]. The cytokine responses characterizing
human IBD are the key pathophysiologic elements that govern the initiation, evolution,
and ultimately, the resolution of these forms of inflammation [67]. TNF-a. is one of the
most important pro-inflammatory cytokines of human IBD. In fact, anti-TNF therapy
has a beneficial effect of IBD treatment when compared to standard therapy such as
5-aminosalicylate and corticosteroids [13, 45, 69]. Moreover, pro-inflammatory
cytokines, such as IL-1B, IL-6, IL-8, IL-12, and IL-23, are clearly up-regulated in
inflamed intestinal mucosa of IBD patients when compared to those in healthy controls
[33, 63]. Furthermore, macrophages are thought to be major contributors to the
production of these pro-inflammatory cytokines in the gut [19, 50]. Increased levels of
IL-1B, IL-6, and TNF-a in the serum or in the intestinal mucosa were related to disease
activity [52]. IL-8, a major chemotactic and activating peptide for neutrophils, induces
direct migration, the expression of surface adhesion molecules, the release of enzymes,
and the production of reactive oxygen metabolites [65]. IL-8 protein level in mucosal
biopsies from patients with active CD was positively correlated with the disease activity
[27]. Recently, it was revealed that polymorphic variants of IL-8 gene affect the
susceptibility of human IBD [72]. IL-12 and IL-23 belong to the IL-12 family of
pro-inflammatory heterodimeric cytokines and comprise IL-12p35/IL-12p40 and
IL-23p19/1L-12p40 subunits. They promote the differentiation and maintenance of
helper T (Th)1 cells and Th17 cells, respectively [40, 63]. Furthermore, protective effect

of anti-IL-12p40 mADbs has been well documented in the colitis of IBD model mouse



[10, 48]. The production of IL-23 by the cells of innate immunity is a response to the
stimulation or endogenous signals on pattern recognition receptor, indicating a potential
role for T cells in the reinforcement of the IL-23 response [52]. Polymorphisms within
the 1L-23 receptor gene locus have been also reported to be involved in IBD patients
[8].

Canine IBD is a group of disorders that is characterized by persistent
gastrointestinal signs and histological evidence of intestinal inflammation. That is a
common cause of chronic vomiting and diarrhea in dogs and must be differentially
diagnosed from other possible causes such as infection, food allergy, neoplasia, and
exocrine pancreatic insufficiency [66, 73]. Lymphocytic-plasmacytic enteritis (LPE) and
Lymphocytic-plasmacytic colitis (LPC) are the most common form of canine IBD [18,
28]. Histopathological features of LPE are diffuse lymphocytic-plasmacytic infiltration
to the lamina propria in the duodenal mucosa and that of LPC are
lymphocytic-plasmacytic infiltration to the lamina propria in the colonic mucosa [28].
The treatment of canine IBD is focused on the suppression of intestinal inflammation.
Glucocorticoids are used most frequently as immunosuppressants [41]. It has been
suggested that dysfunction of mucosal immune system with loss of tolerance to luminal
antigens possibly plays important roles in the pathogenesis of canine IBD [18, 29]. To
date, there are some reports about intestinal barrier, intestinal microbiota, and mucosal
pro-inflammatory cytokine expressions in dogs with IBD; however, definitive cause of
canine IBD is still unknown [29, 59, 68].

Inflammatory colorectal polyps (ICRPs) in Miniature Dachshunds are recently
recognized in Japan as a major cause of large bowel diarrhea in this breed [56]. The

most typical clinical signs of ICRPs are hematochezia, tenesmus, and mucoid feces.



ICRPs are characterized by the formation of multiple small polyps (small polyps) in the
large bowel mucosa, accompanied by a large space-occupying solitary polyp (large
polyp) formation. ICRPs are thought to be a novel form of canine IBD because of the
unknown etiology, the existence of idiopathic inflammation, and the effectiveness of
immunosuppressive therapy. Histopathological features of ICRPs are crypt expansion,
excess mucous secretion, mucous hyperplasia, and inflammatory cell infiltration
consisting of mainly macrophages and neutrophils. Dogs with ICRPs usually respond to
immunosuppressive drugs such as prednisolone and cyclosporine; however, some of
them are resistant to these therapies [56]. Moreover, some of them sometimes form
polypoid adenomas in the colorectal mucosa secondary to ICRPs [25]. To date, there is
a report describing the expressions of selected Th cytokine such as IL-17A, IFN-y, 1L-4,
and 1L-10 [58]; however, there is no report describing pro-inflammatory cytokines.

The principal aim of this thesis was to clarify the involvement of
pro-inflammatory cytokines in the pathogenesis of canine IBD. Therefore, several
pro-inflammatory cytokine expressions in dogs with LPE, LPC, and ICRPs were
examined. In Chapter 1, the author investigated pro-inflammatory cytokine expressions,
such as IL-1p, IL-6, TNF-a, I1L-8, IL-12p35, IL-12/23p40, and IL-23p19, in the intestinal
mucosa of dogs with LPE and LPC by quantitative real-time RT-PCR. In Chapter 2,
same as Chapter 1, the author investigated pro-inflammatory cytokine expressions in the

colorectal mucosa of dogs with ICRPs by quantitative real-time RT-PCR.



CHAPTER 1

PRO-INFLAMMATORY CYTOKINE EXPRESSIONS IN THE INTESTINAL

MUCOSA OF DOGS WITH LYMPOCYTIC-PLASMACYTICENTERITIS AND

LYMPOCYTIC-PLASMACYTIC COLITIS



INTRODUCTION

Canine inflammatory bowel disease (IBD) is a group of disorder that is
characterized by persistent gastrointestinal signs and histological evidence of intestinal
inflammation. Lymohocytic-plasmacytic enteritis (LPE) and lympocytic-plasmacytic
colitis (LPC) are the most common forms of canine IBD, and the definitive cause of
IBD is unknown. Histopathological features of LPE are diffuse
lymphocytic-plasmacytic infiltration to the lamina propria in the duodenal mucosa and
that of LPC are lymphocytic-plasmacytic infiltration to the lamina propria in the colonic
mucosa. Dysfunction of mucosal immune system with loss of tolerance to luminal
antigens possibly plays important roles in the pathogenesis of canine IBD [18, 28].

Several studies reported expression levels of pro-inflammatory cytokine mRNA,
such as IL-1B, IL-6, TNF-a, IL-8, and IL-12, in the duodenal mucosa from dogs with
LPE; as a result, there was no distinct cytokine profile in the inflamed mucosa of dogs
with LPE [17, 29, 38, 60]. In addition, there was no difference in pro-inflammatory
cytokine mRNA expressions except for TNF-a in the colonic mucosa from dogs with
LPC when compared to those in healthy controls. One report detected the up-regulation
of TNF-a mRNA expression, but another report did not detected increased expression of
TNF-o mRNA in the colonic mucosa from dogs with LPC when compared to that in
healthy controls [28, 60]. Moreover, no report described IL-23 mRNA expression in the
intestinal mucosa of dogs with LPE and LPC. Thus, at present, there is no consensus of
pro-inflammatory cytokine expressions in the intestinal mucosa from dogs with LPE
and LPC.

Since most of the previous studies used semi-quantitative RT-PCR methods, the



aim of Chapter 1 was to determine pro-inflammatory cytokine expressions, such as
IL-1f, IL-6, TNF-a, IL-8, IL-12p35, IL-12/23p40, and IL-23p19, in the intestinal

mucosa of dogs with LPE and LPC by quantitative real-time RT-PCR.



MATERIALS AND METHODS

Dogs

Dogs (n = 24) with chronic gastrointestinal signs were referred to Hokkaido
University Veterinary Teaching Hospital from November 2008 to November 2012.
Eighteen dogs exhibited clinical signs of small intestinal disease, two dogs exhibited
clinical signs of large intestinal disease, and four dogs exhibited clinical signs of both
small intestinal and large intestinal disease. Breeds of the dogs included Yorkshire Terrier
(n = 4), Border Collie (n = 2), French Bulldog (n = 2), Maltese (n = 2), Basset Hound (n =
1), Beagle (n = 1), Bernese Mountain Dog (n = 1), Boston Terrier (n = 1), Chihuahua (n =
1), Italian Greyhound (n = 1), Jack Russell Terrier (n = 1), Miniature Schnauzer (n = 1),
Pembroke Welsh Corgi (n = 1), Pomeranian (n = 1), Shiba Inu (n = 1), Shih-Tzu (n = 1),
Toy Poodle (n = 1), and mongrel (n = 1). The criteria for the diagnosis of IBD were as
follows: (1) chronic diarrhea with or without vomiting of at least 3-week duration; (2)
exclusion of other identifiable causes of chronic gastrointestinal signs by blood
examination, urinalyses, parasitic and bacterial analyses of fecal samples, abdominal
ultrasonography, and serum trypsin-like immunoreactivity; and (3) Histopathological
evidence of intestinal inflammations. Food-responsive diarrhea was ruled out by a
complete remission of clinical signs during 2-week on an elimination diet.
Antibiotic-responsive diarrhea was ruled out by a lack of complete response to 2-week
therapeutic trials of metronidazole (10 mg/kg g12h) or tylosin (20 mg/kg q12h). However,
dogs diagnosed with gastric or intestinal tumor by endoscopy and treated with
corticosteroids within 2-week were then excluded [38, 73]. All the dogs diagnosed with

IBD were scored based on the Canine Chronic Enteropathy Clinical Activity Index



(CCECAI) to assess the severity of the disease [1]. The total CCECAI score was
considered clinically insignificant (score 0-3), mild (score 4-5), moderate (score 6-8),
severe (score 9-11), or very severe (score >12). Biopsy samples in the duodenal mucosa
from dogs with LPE (n = 22) and those in the descending colonic mucosa from dogs with
LPC (n = 6) were obtained within the lamina propria by endoscopy. Biopsy specimens for
histologic examination were fixed in neutral-buffered 10% formalin, embedded in paraffin,
and routinely stained with hematoxylin and eosin. In addition, one mucosal biopsy from
each of the inflamed mucosa was immediately placed in RNAlater (Ambion, Austin, TX,

USA) and stored at -80°C until further use.

As healthy control dogs, 6 Beagles and 2 mongrels were used. These included 6
intact females and 2 intact males. Eight dogs were 1 year old (range, 16 to 23 months;
median 22 months). In addition, four colonic samples were obtained from 4 healthy
mongrels. These included one 8 years old dog and three 9 years old dogs. No clinical signs
of gastrointestinal disease were observed in these dogs. Hematologic, serum biochemical,
fecal, and abdominal ultrasonographic examinations were performed on all dogs to assess
their health status. The use of dogs in this study was approved by the Laboratory Animal
Experimentation Committee, Graduate School of \eterinary Medicine, Hokkaido

University (Approval no. 08-0332).

RNA extraction and cDNA synthesis

Total RNA was extracted using the RNeasy Protect Mini Kit (Qiagen, Valencia, CA,
USA), according to the manufacturer’s instructions, and genomic DNA was removed from
the samples with a commercially available kit (RNase-Free DNase set; Qiagen). cDNA

was synthesized from 0.5 pg of total RNA using High Capacity RNA-to-cDNA Master



Mix containing the Oligo dT primer and random primer (Applied Biosystems, Foster City,

CA, USA).

Generation of positive controls for quantitative PCR

To obtain standard curves for quantitative RT-PCR analysis, parts of the canine
sequences for IL-1pB, IL-6, TNF-a, IL-8, 1L-12p35, I1L-12/23p40, IL-23p19, and three
reference genes, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), succinate
dehydrogenase complex, subunit A (SDHA), and hydroxymethyl-bilane synthase (HMBS)
were cloned into plasmid vectors. Primers were designed using published gene sequences

using Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) based on the

canine GenBank sequences and previous reports [20, 62] (Table 1). PCR was performed
with Takara Ex Taq (Takara Bio, Shiga) according to the manufacturer’s instructions using
the following steps: initial denaturation at 95°C for 1 min; 35 cycles of denaturation at
95°C for 30 sec, annealing at 61 to 77°C for 30 sec, extension at 72°C for 1 min; final
extension at 72°C for 7 min. Reactions were performed in 25 ul total volume containing 1
ul canine cDNA, 400 pmol cytokine-specific primers. Amplified fragments were visualized
on a 1.5% agarose gel. Then, they were ligated into a plasmid vector (TOPO TA Cloning
Kit; Invitrogen, Carlsbad, CA, USA). Nucleotide sequences were determined by a BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems), using an ABI PRISM 3100

Genetic Analyzer (Applied Biosystems) and confirmed with published sequences.

Transcription analysis of cytokine mRNA by real-time RT-PCR
Transcription levels of pro-inflammatory cytokine expressions, such as IL-14, IL-6,

TNF-a, IL-8, 1L-12p35, 1L-12/23p40, and 1L-23p19, were examined. Tissue samples were
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http://www.ncbi.nlm.nih.gov/tools/primer-blast/

collected from dogs with LPE (n = 22), LPC (n = 6), and controls (n = 12). Each
quantitative real-time RT-PCR reaction was performed in 25 ul, containing 200 nM of each
primer and 1 ul ¢cDNA in addition to Power SYBR Green PCR Master Mix (Applied
Biosystems) using a 7300 Real-Time PCR System (Applied Biosystems). The
amplification conditions consisted of initial denaturation at 95°C for 10 min and 40 cycles
of PCR reaction (95°C for 15 sec and 60°C for 1 min), followed by dissociation (95°C for
15 sec, 60°C for 30 sec, and 95°C for 15 sec). Sequences of primer pairs are shown in Table
2. These primers were designed using Primer-BLAST based on the canine GenBank
sequences and previous reports [42, 61, 75]. Standard curves for each gene were prepared
using 10-fold dilutions (10°-10° molecules pl™) of plasmids containing the cloned
amplicon and reaction efficiency was determined. Standard curves were considered
appropriate for efficiency calculation only if a cycle threshold (Ct) value was obtained for
at least six serial dilutions, the correlation coefficient was > 0.98 and there was no
evidence of misprinting on melting curve analysis. cDNA samples were analyzed in
duplicate. Absolute quantification of cytokine mRNA was performed by converting the
sample Ct values to the concentration (copies per ul) based on the standard curves. The
target amount was then divided by the amount of SDHA to obtain a normalized target value

and expressed as relative amounts.

Statistical analysis

Statistical analyses were performed using the computer program JMP Pro 10 (SAS Institute,
Cary, NC, USA). Normality distribution was assessed by the Shapiro-Wilk W test. The
nonparametric Wilcoxon rank sum test was used to compare the results between the two

groups. A value of P < 0.05 was considered significant.
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RESULTS

Clinical and pathological findings

Twenty-four dogs were diagnosed as LPE (n = 22) and/or LPC (n = 6) according
to the criteria. The median age of the LPE dogs was 6.7 years (ranging from 1.1 to 10.8
years). The median body weight of the LPE dogs was 6.3 kg (ranging from 1.7 to 33.1
kg). CCECAI scores of dogs with LPE were 4/22 clinically insignificant, 7/22 mild,
6/22 moderate, 4/22 severe, 1/22 very severe, and the median CCECAI score of LPE
dogs was 5 (ranging from 2 to 17). The median age of the LPC dogs was 9.4 years
(ranging from 2.5 to 11.7 years). The median body weight of the LPC dogs was 13.5 kg
(ranging from 2.0 to 33.1 kg). CCECAI scores of dogs with LPC were 1/6 clinically
insignificant, 3/6 moderate, 2/6 severe, and the median CCECAI score was 7.5 (ranging

from 3 to 12).

Quantification of cytokine expression in the intestinal mucosa

In the preliminary experiment, the transcription levels of GAPDH, SDHA, and
HMBS mRNA in the intestinal tissue samples were quantified for validation of accuracy
as calibrator genes. Of these three quantified genes, the expression of SDHA mRNA was
the most stable among the three candidate reference genes using geNorm [70]; therefore,
the transcription of SDHA mRNA was selected as the reference gene in this study (data
not shown).

There was no significant difference in IL-1pB, IL-6, and IL-8 mRNA expression
in the duodenal mucosa between dogs with LPE and controls (Fig. 1). On the contrary,

TNF-0, 1L-12p35, IL-12/23p40, and IL-23p19 mRNA expression was significantly

12



decreased in the duodenal mucosa from dogs with LPE when compared to those in
controls (Fig. 1).

There was no significant difference in each cytokine expression except for
IL-23p19 mRNA in the colonic mucosa between dogs with LPC and controls (Fig. 2).
IL-23p19 mRNA expression was only significantly increased in the colonic mucosa

from dogs with LPC when compared to that in controls (Fig. 2).
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Table 1. Sequences of oligonucleotide primers used for RT-PCR

Primer set Primer sequence (5'-3") Position  GenBank accession number
L e CASCTTCCANICTOMCTISS  wow nw_anowe
Lo R SACICCOTCTCOACMEC b omooson
cwon T SCIOCTOOACOACINTTOE g oo
own Eond CONCACAGCCTOARGIIIOS  surss s

14



Table 2. Sequences of oligonucleotide primers used for quantitative real-time RT-PCR

Primer set Primer sequence (5'-3") Position  GenBank accession number
i o CRACTCIOCCACOACCTOTETA  1auass oo
L T STOCCTOMCOACTOOOM | rawr e ooiowes
IL-12/23p40 E‘;{/";’fgg %g%gfggfﬁfggﬁfggg GG 527-635 NM_001003292
Lo N CANCOSSAOAMANCASEAS  snamn xw sz
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Fig. 1. Relative expressions of cytokine mRNAs (IL-1B, IL-6, TNF-a, IL-8, 1L-12p35,

IL-12/23p40, and 1L-23p19) in the duodenal mucosa from healthy controls (HC, n = 8)

and LPE dogs (LPE, n = 22). The horizontal lines correspond to the median of the

relative quantity in each group. Asterisks indicate statistical differences (*P < 0.05).
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Fig. 2. Relative expressions of cytokine mRNAs (IL-1B, IL-6, TNF-a, IL-8, 1L-12p35,
IL-12/23p40, and IL-23p19) in the colonic mucosa from healthy controls (HC, n = 12)
and LPC dogs (LPC, n = 6). The horizontal lines correspond to the median of the

relative quantity in each group. Asterisks indicate statistical differences (*P < 0.05).
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DISCUSSION

In Chapter 1, the author aimed to determine pro-inflammatory cytokine
expressions in canine IBD by evaluating the amounts of mMRNA in the duodenal and
colonic mucosa from dogs with LPE and LPC. In contrast to findings in human IBD,
duodenal and colonic samples from dogs with IBD used in this study did not show the
up-regulation of IL-1B, IL-6, TNF-a, IL-8, IL-12p35, and IL-12/23p40 mRNA
expressions when compared to those in controls. Thus, there was no clear evidence of
the up-regulation of pro-inflammatory cytokine mRNA expressions in the intestinal
mucosa from dogs with LPE and LPC.

Pro-inflammatory cytokines, such as IL-1p, IL-6, TNF-a, IL-8, 1L-12, and IL-23,
were clearly up-regulated in inflamed areas in human IBD [33, 63]. Evidence from
recent research suggests that CD is driven by Thl producing TNF-a, IFN-y and Th17
producing IL-17 [40]. TNF-a expression levels are increased in inflammatory lesions of
CD patients, and they play important roles in the induction and persistence of intestinal
mucosal inflammation [63]. Indeed, the blockage of TNF-a by anti-human TNF-a
monoclonal antibodies dramatically decrease mucosal inflammatory activity and disease
severity of patients with CD [39]. IL-17 mRNA expression in the inflamed mucosa and
Th17-related cytokine expression of CD4" T cells in the isolated lamina propria from
both UC and CD was found to be increased when compared to that in normal controls
[16]. Moreover, IL-17 produced by Th17 appeared to be promoted by I1L-23 [34]. 1L-23
is thought to be produced by macrophages and plays important roles in the promotion of
Th17 cell differentiation [8]. Therefore, 1L-23 is the key cytokine in the IL-23/IL-17

pathway of human IBD.
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Recent research described about CD4" T cell cytokine expressions, such as
IL-17, IFN-y, IL-4, and IL-10, in the duodenal mucosa of dogs with LPE. In that study,
there was no significant difference in each cytokine expression between dogs with LPE
and controls [57]. This observation suggests that there is also no evidence of the
involvement of Thl or Th1l7 in dogs with LPE. On the contrary, IL-23p19 mRNA
expression was only significantly increased in the colonic mucosa from dogs with LPC
when compared to that in controls. However, IL-17A mRNA expression was not
increased in the colonic mucosa of LPC dogs (unpublished data). Therefore, the
significance of increased IL-23p19 mRNA expression in the development and
maintenance of colonic mucosal inflammation remains unclear. Thus, further studies are
necessary to clarify the biological significance of increased IL-23p19 mRNA expression
in the pathogenesis of canine LPC.

In this study, the reason for decreased pro-inflammatory cytokine mRNA
expressions was uncertain. Previous report described that IL-10 mMRNA expression level
in the duodenal mucosa of IBD dogs was not different from healthy control dogs [57];
therefore, increased IL-10 expression might be not the cause of decreased
pro-inflammatory cytokine mRNA. Previous report demonstrated that several
chemokines and chemokine receptors were significantly increased in the duodenal
mucosa from dogs with LPE [38]. Thus, chemokines and chemokine receptors are
thought to play important roles in migration of inflammatory cells such as lymphocytes
and plasma cells.

There were two limitations of the current study. Firstly, cytokine mRNA
expression levels did not always reflect protein expression levels. Thus, cytokine

protein levels in lamina propria should be analyzed either by ELISA, flow cytometry, or
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immunohistochemistry when canine-specific antibodies are available. Secondly, case
numbers were small, in particular LPC dogs because of limited availability of large
intestinal cases in my facility. Further studies with a large number of cases are needed to
validate this investigation in LPC dogs.

In conclusion, different from human IBD, no distinct cytokine profile was found
in canine IBD at the level of mMRNA expression in the inflamed intestinal mucosa. No
clear evidence was obtained for the contribution of cytokine profile to the pathogenesis
of canine IBD. The results of Chapter 1 raise the possibility that the mechanism

responsible for the pathogenesis of canine IBD is different from that of human I1BD.
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SUMMARY

Pro-inflammatory cytokine expressions, such as IL-1f5, IL-6, TNF-a, IL-8,
IL-12p35, 1L-12/23p40, and IL-23p19, in the intestinal mucosa of dogs with LPE and
LPC were investigated by quantitative real-time RT-PCR. As a result, TNF-a, IL-12p35,
IL-12/23p40, and IL-23p19 mRNA expressions were significantly decreased in the
duodenal mucosa from dogs with LPE when compared to those in controls. 1L-23p19
MRNA expression was only significantly increased in the colonic mucosa from dogs
with LPC when compared to that in controls. Thus, different from human IBD, no clear
evidence was obtained for the contribution of cytokines to the pathogenesis of canine

LPE and LPC.
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CHAPTER 2

PRO-INFLAMMATORY CYTOKINE EXPRESSIONS IN MINIATURE

DACHSHUNDS WITH INFLAMMATORY COLORECTAL POLYPS

22



INTRODUCTION

Inflammatory colorectal polyps (ICRPs) in Miniature Dachshunds were recently
recognized as a major cause of large bowel diarrhea in this dog breed in Japan [56].
ICRPs are characterized by the formation of multiple small polyps (small polyps)
around the large bowel mucosa, almost invariably restricted to the descending colon and
rectum, sometimes accompanied by space-occupying solitary large polyp formation
(large polyp). ICRPs are histopathologically characterized by proliferative changes of
the mucosal epithelium and severe inflammatory cell infiltration, mainly consisting of
macrophages and neutrophils (Fig. 3). To date, the etiology of ICRPs is unknown;
however, based on the existence of idiopathic inflammation and the effectiveness of
immunosuppressive therapy, ICRPs are thought to be a novel form of IBD.

There is no report describing pro-inflammatory cytokine expression in the
colorectal mucosa of dogs with ICRPs. Based on the histopathological features of
ICRPs, the author speculated that the up-regulation of pro-inflammatory cytokines plays
a key role in the pathogenesis of ICRPs. The aim of Chapter 2 was to explore the
expression of key pro-inflammatory cytokines in ICRPs and to detect the major source
of that cytokine. Therefore, pro-inflammatory cytokine expressions, such as IL-74, IL-6,
TNF-a, IL-8, IL-12p35, 1L-12/23p40, and IL-23p19, was quantified in the colorectal
mucosa from dogs with ICRPs by real-time PCR. The author also measured IL-8 protein

level by ELISA and investigated its localization by immunofluorescence microscopy.
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MATERIALS AND METHODS

Dogs

Eleven Miniature Dachshunds brought to Hokkaido University Veterinary
Teaching Hospital (n = 6), Miyazaki University Veterinary Teaching Hospital (n = 2),
and Yuki Animal Hospital (n = 3) because of signs of chronic colitis, including excess
fecal mucus, hematochezia, tenesmus, and increased frequency of defecation were
diagnosed with ICRPs based on histological findings of a previous report [56]. The
median age of these dogs was 8.9 years (ranging from 7 to 14.6 years) with 4 females (2
intact and 2 neutered) and 7 males (4 intact and 3 neutered). The median body weight
was 6.2 kg (ranging from 2.9 to 6.8 kg). These cases presented between April 2010 and
February 2013. Routine hematology, serum biochemistry, urinalysis, and fecal
examination were unremarkable in all dogs, but serum CRP concentration was elevated
in 4 cases. All dogs underwent a colonoscopy under general anesthesia. In this study,
large polyp was defined as a solitary space-occupied polyp or greater than 5 mm in size,
and small polyp was defined as multiple polyps and less than 5 mm in size.

Colonoscopy demonstrated a large polyp in the colorectal area in eleven cases
and small polyps in the descending colon and rectal area in six cases. Six cases had both
large and small polyps, while five cases had only a large polyp. Biopsy samples from
the large polyps (n = 11) and small polyps (n = 6) were obtained by endoscopy or
mucosal pull-through surgical excision. Biopsy specimens for histological examination
were fixed in neutral-buffered 10% formalin, embedded in paraffin wax, and routinely
stained with hematoxylin and eosin. In addition, one mucosal biopsy from each of the

large and small polyps was placed immediately in RNAlater (Ambion) and stored at
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-80°C until further use.

Healthy control dogs were same as Chapter 1. In addition, control samples were
also taken from two Miniature Dachshunds (7-year-old and 15-year-old castrated males).
Biopsy specimens were taken from non-involved areas of the colon with colorectal
adenocarcinoma. The median body weight of these control dogs was 12.0 kg (ranging

from 5.4 to 15.8 kq).

Transcription analysis of cytokine mRNA by real-time RT-PCR
RNA extraction, cDNA synthesis, and gene expression analysis of cytokine
MRNA were performed as described in Chapter 1. Tissue samples were collected from

large polyps (n = 11), small polyps (n = 6), and controls (n = 14).

Quantification of IL-8 protein levels by ELISA

Colorectal specimens were collected from large polyps (n = 6), small polyps (n
= 5), and controls (n = 14). The samples for ELISA were rinsed twice in phosphate-
buffered saline (pH 7.4) (PBS), placed in empty micro tubes and stored at -80°C until
use. Samples were homogenized for 30 sec in 500 ul homogenization buffer (PBS
containing 0.05% Tween 20) with protease inhibitor cocktail (Roche Diagnostics,
Mannheim, Germany) using a mechanical tissue homogenizer (Ultra-Turrax T25; Janke
& Kunkel, Staufen im Breisgau, Germany). Tissue homogenates were centrifuged
briefly and the supernatants were frozen at -20°C. IL-8 level was measured using
commercial ELISA kits specific for canine CXCLB8/IL-8 (R & D Systems, Minneapolis,
MN, USA). Absorbance was read at 450 nm using a microplate reader (Bio-Rad

Laboratories, Hercules, CA, USA). All samples were examined in duplicate and the
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mean OD value was calculated. Total protein concentrations were determined by the
Bradford method [7] (Protein assay Kit; Bio-Rad Laboratories) and cytokine levels were
normalized. Serum samples from 4 ICRP dogs and 12 healthy control dogs were taken

and stored at -20°C until analysis. IL-8 level was measured as described above.

Immunofluorescence microscopy

Colorectal mucosa specimens (large polyps; n = 6, small polyps; n = 5, and
controls; n = 12) were fixed in 10% buffered formalin, routinely processed, and
embedded in paraffin. Four-micrometer-thick sections were deparaffinized and boiled
for 30 min in 0.01 M citrate buffer (pH 6.0) to achieve antigen retrieval. Sections were
washed with PBS, followed by incubation with 10% normal rabbit serum for 30 min.
For single labeling, sections were incubated with anti-canine IL-8 goat polyclonal Ab (4
pg/ml; R & D Systems) for 2 hours at room temperature. After incubation, sections were
washed with PBS, followed by the incubation with rabbit anti-goat 1gG Ab conjugated
with Hilyte Fluor 488 (5 ug/ml; AnaSpec, Fremont, CA, USA) for 1 hour at room
temperature. After washing with PBS, sections were counterstained with 4,
6'-diamidino-2-phenylindole (DAPI; AnaSpec) for 5 min at room temperature. Slides
were washed with PBS, followed by distilled water, and then embedded in fluorescent
mounting medium (Dako Cytomation, Glostrup, Denmark). For dual labeling, sections
were incubated with anti-1L-8 Ab and anti-human CD3 mouse mAb (Clone F7.2.38,
Dako) or anti-lbal rabbit polyclonal Ab (Wako, Osaka). Cross reactivity of the
anti-CD3 Ab with canine tissues was confirmed by previous report [46]. After blocking
with 10% normal rabbit serum for 30 min, sections were incubated with anti-IL-8 Ab

and anti-CD3 Ab for 2 hours at room temperature. After incubation, sections were
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incubated with rabbit anti-goat 1gG Ab conjugated with Hilyte Fluor 488. After washing
with PBS, sections were blocked with 10% normal goat serum and incubated with goat
anti-mouse 1gG Ab conjugated with Hilyte Fluor 555 (5 ug/ml; AnaSpec) for 1 hour at
room temperature. Sections were counterstained with DAPI and embedded in
fluorescent mounting medium. In the preliminary experiment, the author used
anti-Myeloid/Histiocyte Ab (3.75 pg/ml: Clone MAC 387, Dako), anti-human CD163
Ab (10 ug/ml: Clone No. AM-3K; Trans Genic, Hyogo), and anti-Ibal Ab (2 pg/ml) for
macrophage staining. Cross reactivity of AM-3K Ab with canine tissues was confirmed
by previous report [76]. Among these antibodies, anti-lbal Ab and
anti-Myeloid/Histiocyte (MAC387) Ab clearly detected macrophages in canine lymph
node sections (data not shown). However, MAC387 Ab reacted with not only
macrophages but also neutrophils in canine tissues (data not shown); therefore anti-Ibal
Ab was selected as macrophage specific marker in this study. The decision of
macrophages and neutrophils was morphologically determined. For dual labeling with
IL-8 and Ibal, sections were blocked with 5% skim milk and incubated with anti-1L-8
Ab and anti-Ibal Ab (2 ug/ml) for 2 hours at room temperature. Sections were washed
with PBS, followed by the incubation with donkey anti-rabbit IgG Ab conjugated with
Hilyte Fluor 555 (5 pg/ml; Invitrogen) for 1 hour at room temperature. After incubation,
sections were washed with PBS, followed by blocking with 10% normal rabbit serum
for 30 min at room temperature. After incubation, sections were incubated with rabbit
anti-goat IgG Ab conjugated with Hilyte Fluor 488 (5 ug/ml) for 1 hour at room
temperature. Sections were counterstained with DAPI and embedded in fluorescent
mounting medium. Sections incubated with normal goat, rabbit or mouse IgG were

included as a negative control sample. To examine whether neutrophils secrete I1L-8, the
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author additionally dual stained with anti-1L-8 Ab and MAC387 Ab using similar
method as double staining of anti-IL-8 Ab and anti-CD3 Ab. Sections were examined
and analyzed using a LSM 700 Laser Scanning Microscope (Zeiss, Oberkochen,
Germany) and LSM Software ZEN 2011 (Zeiss). 1L-8- or Ibal-positive cells were
enumerated by a single investigator (Y.T.) with a fluorescence microscope (HS
BZ-9000; Keyence, Osaka) and HS BZ-II analysis application. Five areas were chosen

at random for each standardized area, and positively stained cells were counted.

Statistical analysis

Statistical analyses were performed using a computer program JMP Pro 10 (SAS
Institute). Normality distribution was assessed by the Shapiro-Wilk W test. The
Kruskal-Wallis test was used to test for overall differences in cytokine mRNA
expression and colorectal mucosal 1L-8 protein level among large polyps, small polyps,
and controls. The Steel-Dwass test was used to test for between-group differences.
Wilcoxon rank sum test was used to compare the serum IL-8 protein level between
ICRPs and controls. One-way analysis of variance was used to test for overall
differences in IL-8- or Ibal-positive cell counts among large polyps, small polyps, and
controls. The Tukey-Kramer HSD test was used to analyze between-group differences.
The relationships between IL-8 positive cells and both tissue IL-8 protein level and
serum IL-8 protein level in dogs with ICRPs and healthy controls were evaluated using
the Spearman rank correlation coefficient. A value of P < 0.05 was considered

significant.
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RESULTS

Transcription levels of cytokines

The relative expression levels of all cytokines examined in large polyps were
significantly higher than those in normal colorectal mucosa (Fig. 4). In addition, relative
expression levels of IL-1pB, IL-6, IL-8, and IL-12p35 mRNA in small polyps were
significantly higher than those in normal colorectal mucosa (Fig. 4). Compared to small
polyps, IL-1pB, IL-8, and IL-23p19 mRNA were significantly increased in large polyps
(Fig. 4). Among these cytokines, IL-8 mRNA expression was markedly increased in
large polyps (25,000-fold) and small polyps (300-fold) compared to that in the normal

colorectal mucosa.

IL-8 protein levels

Because IL-8 mRNA expression was markedly increased in colorectal mucosa
of dogs with ICRPs, the author next examined the IL-8 protein level in the colorectal
mucosa. IL-8 protein was significantly elevated in large polyps compared to that in the
normal colorectal mucosa (Fig. 5A). IL-8 protein in small polyps also showed a
significant increase when compared to controls (Fig. 5A). The author also examined
serum IL-8 protein level in a small number of clinical cases. As a result, serum IL-8
protein level in ICRP dogs was significantly increased when compared to control dogs

(Fig. 5B).

IL-8-expressing cells in the colorectal mucosa

To detect IL-8-expressing cells in the colorectal mucosa, samples were stained
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with anti-IL-8 Ab. As shown in Fig. 6, there were few IL-8-positive cells in normal
colonic mucosa (Fig. 6A). In contrast, 1L-8 positive cells were increased in small and
large polyps of ICRP dogs (Fig. 6B and C). In particular, IL-8-positive cells were
markedly increased in large polyps of ICRP dogs (Fig. 6C and Fig. 10A). IL-8-positive
cells were located within the lamina propria and not in intestinal epithelial cells (Fig.
6A-C, Fig. 7A and D, Fig. 8A, and Fig. 9A). To confirm the cellular origin of IL-8 in
small and large polyps of ICRP dogs, samples were double stained with
fluorescence-labeled anti-IL-8 Ab (Fig. 7A and D, Fig. 8A, and Fig. 9A) and anti-lbal
Ab (specific for macrophages) (Fig .7B and E), anti-CD3 Ab (Fig. 8B), or MAC387 Ab
(Fig. 9B). All of the IL-8-positive cells were positive for Ibal (Fig. 7C and F).
IL-8/CD3 double-positive cells were not observed in colorectal mucosa from control
dogs or ICRP dogs (Fig. 8A-C). In addition, IL-8/MAC387 double-positive cells were
sparsely observed (Fig. 9A-C). Both Ibal-positive macrophages and IL-8/Ibal
double-positive macrophages were increased in large polyps compared to those in small
polyps and controls (Fig. 10A and B). The percentage of IL-8-positive macrophages in
controls, small polyps, and large polyps was 15%, 44%, and 50%, respectively (Fig.

10C).

Linear correlation between IL-8 protein levels and IL-8 positive cells

A significant positive correlation between tissue IL-8 protein levels and IL-8
positive cells was detected (rs = 0.68, P < 0.01) (Fig. 11A). Moreover, a significant
positive correlation between serum IL-8 protein levels and IL-8 positive cells was also

detected (rs = 0.78, P < 0.01) (Fig. 11B).
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Fig. 3. Endoscopic (A and B) and microscopic (C-F) findings of small polyps (A, C, and
E) and a large polyp (B, D, and F) in a miniature dachshund with ICRPs (hematoxylin
and eosin). (A) Multiple small polyps in the colorectal area. (B) A solitary
space-occupying large polyp in the rectal area. (C) Crypt expansion, excess mucous
secretion, and mucous hyperplasia are observed (Scale bar = 200 um). (D) Severe
edema and inflammatory cell infiltration in lamina propria are observed (Scale bar =
200 pm). (E) Infiltration of small number of lymphocytes, macrophages, and
neutrophils. (Scale bar = 20 um). (F) Large number of macrophages and neutrophils are

observed (Scale bar = 20 um).
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Fig. 4. Relative expression of pro-inflammatory cytokine mRNAs (IL-1p, IL-6, TNF-a,
IL-8, IL-12p35, 1L-12/23p40, and IL-23p19) in the colorectal mucosa from controls (C,
n = 14), small polyps (S, n = 6), and large polyps (L, n = 11). The horizontal lines
correspond to the median of the relative quantity in each group. Asterisks indicate

statistical differences (*P < 0.05, **P < 0.01).
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Fig. 5. Protein levels of IL-8 in the colorectal mucosa and serum. (A) IL-8 protein in the

colorectal mucosa from controls (C, n = 14), small polyps (S, n = 5), and large polyps

(L, n = 6). The protein level was normalized to the total protein concentration in each

dog and is expressed as pg/mg total protein. (B) IL-8 protein in the serum from controls

(n =12) and ICRPs (n = 4). The protein level is expressed as pg/mL. Data are shown as

mean £ SEM. Asterisks indicate statistical differences (*P < 0.05, **P < 0.01).
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Healthy control Small polyp

Negative control

Fig. 6. Photomicrographs of representative immunofluorescence microscope results for
single labeling of IL-8 protein in the colorectal mucosa obtained from healthy control
(A), small polyp (B), large polyp (C), and negative control using a large polyp specimen

stained with normal goat IgG (D). Scale bars = 20 um.
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IL-8 Ibal Marged

Small polyp

Large polyp

Fig. 7. Photomicrographs of representative immunofluorescence microscope results for
localization of IL-8 protein in the colorectal mucosa obtained from small polyps (A-C)
and large polyps (D-F). These show dual-immunofluorescent labeling of IL-8 (green: A
and D) and Ibal (red: B and E). Cells showing coexpression of IL-8 and Ibal are

visualized in yellow (C and F). Scale bars = 20 pm.
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IL-8 CD3 Marged

Large polyp

Fig. 8. Photomicrographs of representative immunofluorescence microscope results for
localization of IL-8 protein in the colorectal mucosa obtained from large polyps. These
show dual-immunofluorescent labeling of IL-8 (green: A) and CD3 (red: B). Cells

showing coexpression of IL-8 and CD3 are not observed (C). Scale bars = 20 um.
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IL-8 MAC387 Marged

Large polyp

Fig. 9. Photomicrographs of representative immunofluorescence microscope results for
localization of IL-8 protein in the colorectal mucosa obtained from large polyps. These
show dual-immunofluorescent labeling of IL-8 (green: A) and MAC387 (red: B). Cells
showing coexpression of IL-8 and MAC387 are visualized in yellow (C). Scale bars =

20 pm.

37



A B
sk
250 ———— 350 -
o % o~

£ 200- — £ 3007
= = 250
S 150 2 200-

g 2
£ 100- £ 1504
2 2 100-

® 50 =
u Z 504
0- 0-

kk

* %k
C S L

1L-8 /Ibal percentage

1004 T 1

70
60
50
40
30
20
10

0_

Fig. 10. Cell count results of I1L-8- and Ibal-positive cells in the colorectal mucosa.

IL-8-positive (A) and Ibal-positive (B) cell number. Results are expressed as the

number of positive cells per field (mm?). The mean and SD are shown. (C) Percentage

of IL-8-positive cells to Ibal-positive cells. The mean and SD are shown. C: healthy

controls (n = 12), S: small polyps (n =5), and L: large polyps (n = 6). Asterisks indicate

statistical differences (*P < 0.05, **P < 0.01).
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Fig. 11. Linear correlation between IL-8 protein levels (x-axis) and numbers of IL-8
positive cells (y-axis) in healthy dogs and dogs with ICRPs. (A) Tissue IL-8 levels were
positively correlated with IL-8 positive cells in the colorectal mucosa (n = 23: Controls,
n = 12; Small polyps, n = 5; Large polyps, n = 6) (rs = 0.6840, P = 0.0012). (B) Serum
IL-8 levels in dogs were positively correlated with IL-8 positive cells (n = 16: Controls,

n=12; ICRP dog, n=4) (r; =0.7790, P = 0.0028).
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DISCUSSION

In Chapter 2, the author aimed to identify the key pro-inflammatory cytokines in
the colorectal lesion of ICRPs in Miniature Dachshunds. A significant increase in the
transcription levels of IL-14, IL-6, TNF-a, IL-8, 1L-12p35, 1L-12/23p40, and IL-23p19
mRNA was found within large polyps of ICRP dogs when compared to controls. This
up-regulation of pro-inflammatory cytokine expressions is consistent with previous
reports of human IBD [52, 63]. Among these pro-inflammatory cytokines, IL-8 gene
expression was markedly increased.

IL-8 is known as chemokine CXCL8, which is a potent chemoattractant for
neutrophils [65]. This effect has also been confirmed in dogs [44]. Results of the present
study showed that IL-8 mRNA transcription and protein levels were significantly
increased in large polyps when compared to controls. Increased IL-8 mRNA and protein
has been reported in colonic mucosa from patients with CD and UC [27, 47].
Histopathologically, neutrophil infiltration is common in colonic mucosa from both
active UC and CD patients [47]. Indeed, IL-8 expression and concentration in the colon
correlate with the disease activity of IBD [31, 43]. ICRPs are characterized
histopathologically by severe neutrophil infiltration in the colorectal mucosa. Thus,
similar to the situation in human IBD, IL-8 might play an important role in the
recruitment of neutrophils in the colorectal mucosa of dogs with ICRPs.

In human IBD, serum IL-8 protein level was also increased and associated with
disease activity [64]. Although the number of ICRP dogs used in this study was small,
serum IL-8 protein level was increased in ICRP dogs when compared to controls (Fig.

5B). In human necrotizing enterocolitis, serum IL-8 levels declined after resection of
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local lesion [6]. Likewise, the origin of serum IL-8 in dogs with ICRPs was considered
to be derived from colorectal polyps. The usefulness of serum IL-8 in estimating disease
activity of ICRP dogs remains unclear; however, there was positive correlation between
serum IL-8 protein levels and IL-8 positive cells (Fig. 11B). Therefore, serum IL-8 may
be useful as a predictive marker for polyp formations. Further study involving a greater
number of cases will clarify its usefulness in ICRP dogs.

In the colonic mucosa of human IBD, a major source of IL-8 is macrophages [19,
24]. In this study, the author analyzed the cellular source of IL-8 in the colorectal
mucosa from dogs with ICRPs. As a result, IL-8 protein was detected in Ibal-positive
macrophages, but not in intestinal epithelial cells or neutrophils. Moreover,
IL-8-positive macrophage subsets were significantly increased in large polyps compared
to small polyps and controls. These results suggest that inflammatory macrophages
producing pro-inflammatory cytokine such as IL-8 were increased instead of inhibitory
intestinal resident macrophages in the colorectal region of dogs with ICRPs.

In the present study, the author used anti-lbal Ab for macrophage staining
although anti-lbal Ab is not a standard marker of macrophage. Ibal (ionized calcium
binding adapter molecule 1) is a protein that is specifically expressed in
macrophage/microglia and is involved in RacGTPase-dependent membrane ruffling and
phagocytosis [26, 30]. Anti-Ibal Ab used in this study was raised against the synthetic
peptide of C-terminal lesion of Ibal which are conserved among species including dogs,
and specifically reacts with human and rodent macrophage/microglia. In mice, this Ab
is regarded as pan-macrophage marker [36]. In the preliminary study described above,
the author morphologically confirmed clear and specific macrophage labeling without

neutrophil staining by anti-lbal Ab using canine lymph node sections and colorectal
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specimens of ICRP dogs. Thus, anti-lbal Ab was selected as a macrophage specific
marker among several antibodies used for macrophage staining.

In human neutrophils and canine polymorphonuclear leukocytes, IL-8 mMRNA
expressions are increased under the process of phagocytosis or under the influence of
lipoteichoic acid stimulation in vitro [4, 5]. By using immunofluorescence microscopy,
neutrophils were not thought to be a major source of IL-8 protein in the colorectal
mucosa of ICRP dogs (Fig. 9A-P). However, it is possible that neutrophils produce
minute quantities of IL-8, but they infiltrate the inflamed colorectal mucosa in numbers
large enough to contribute to IL-8 protein accumulation.

Both IL-1p and TNF-a are also important pro-inflammatory cytokines released
from activated macrophages, and they share many pro-inflammatory activities [63].
IL-1B and TNF-a induce local inflammation and this inflammatory process leads to the
disruption of the epithelial barrier [22, 63]. This permits easy access for the luminal
microbiota and dietary antigens into resident cells in the lamina propria, thus
stimulating pathological immune cell responses. In addition, they induce other
pro-inflammatory cytokine production, including IL-8 and IL-6 [21, 63]. In human IBD,
IL-1B and TNF-a expression levels are increased in inflammatory lesions of CD and UC
patients, and they play important roles in the induction and persistence of intestinal
mucosal inflammation [52]. Indeed, the blockage of TNF-a by anti-human TNF-o. mAb
markedly decreased mucosal inflammatory activity and the disease severity of patients
with CD and UC [39]. In dogs with ICRPs, similarly to human IBD, IL-1p and TNF-a
were significantly increased in large polyps in the colorectal area. Thus, they might play
important roles in the induction and persistence of local inflammation and IL-8

production from macrophages.
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IL-6 is mainly produced by activated macrophages and mesenchymal cells, and
its production is stimulated with IL-13 and TNF-a [63]. Elevated levels of IL-6 in the
serum and in mucosal biopsies taken from patients with IBD have been described, and
the serum IL-6 concentration is related to disease activity [54]. IL-6 induces local tissue
inflammation and C-reactive protein production in the liver [71]. In addition, according
to an analysis of auto immune arthritis in F759 mice, an IL-6 positive-feedback loop is
formed between Th17 cells and fibroblasts or vascular endothelial cells at the local
inflammatory site, thus up-regulating several cytokines and chemokines [51, 55];
therefore, 1L-6 may mediate regional inflammation and could be involved in the
production of IL-8 indirectly.

In human IBD, microbial antigen-activated macrophages produce IL-12 and
IL-23, thereby leading to the development of Thl and Th17 immunity, respectively [40,
63]. Evidence from recent research suggests that CD is driven by Th1 cells producing
IFN-y, and Th17 cells producing IL-17 [23]. In the colorectal mucosa from ICRP dogs,
IL-23p19 mRNA expression was increased in large polyps compared to small polyps
and controls. In contrast, mMRNA expression of IL-12p35 was increased in large and
small polyps compared to controls, although there was no difference in IL-12p35
MRNA expressions between large and small polyps. These results show that Th17
cytokines might play important roles in the formation of a solitary large polyp. In
human cystic fibrosis airway epithelial cells, 1L-17A synergistically increased IL-8
production in airway epithelial cells when stimulated by bacterial antigen [49]. Indeed,
Ohta et al. [58] found significant up-regulation of IL-17A mRNA in large polyps
compared to small polyps and controls; therefore, the 1L-23/1L-17 axis might induce

IL-8 overproduction, and this leads to severe neutrophil inflammation and large polyp
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formation in the colorectal mucosa of ICRP dogs.

In this study, all of ICRP dogs formed a large polyp, and several cases also
formed multiple small polyps in the colorectal area. In contrast, a previous report
described that there were ICRP dogs which had only small polyps [56]. The current
study suggests that pro-inflammatory cytokines play important roles in the pathogenesis
of ICRPs; however, the difference in the mechanisms of small polyps and large polyp
formation was not clarified. There was more severe inflammation in the large polyp
than small polyps; however, this infiltration may not be secondary to tissue trauma in
the large polyp because of its sterile nature and responsiveness to immunosuppressive
therapy but not to antibiotics. In addition, anatomical factor is thought to be important
for the large polyp formation because rectal mucosa is exposed to feces for a long
period of time when compared to other intestinal segments. However, further study is
needed to clarify the difference between the formation of large and small polyps.

There were some limitations of the current study. Firstly, the function of
intestinal macrophages isolated from the colorectal mucosa of ICRP dogs was not
analyzed in this study. Thus, in a future study, IL-8 protein level in lamina propria
macrophages should be analyzed by flow cytometry. Secondly, IL-8 protein
concentration was quantified using total protein extracted from the whole colorectal
mucosa. Thus, IL-8 protein in large polyps might be underestimated because of severe
hemorrhage in large polyp lesions and blood contamination of large polyp specimens.
Thirdly, IL-8 is a secretory protein; thus, it could be difficult to detect small amounts of
IL-8 protein by immunostaining. Therefore, there is a possibility that intestinal
epithelial cells and neutrophils are also the source of IL-8 in the colorectal mucosa of

dogs with ICRPs. Thus, it is necessary to examine IL-8 mRNA expression using in situ
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hybridization methods. Finally, the control dogs used in this study included only two
Miniature Dachshunds because of the limited availability of normal colorectal mucosa
from Miniature Dachshunds.

In conclusion, the present study demonstrated that pro-inflammatory cytokine
MRNA expression was significantly increased in colorectal mucosa of dogs with ICRPs.
In particular, IL-8 expression was markedly up-regulated, and the number of
IL-8-positive macrophages was increased in large polyps. These pro-inflammatory
cytokines, especially IL-8, might play important roles in neutrophil recruitment in the
colorectal mucosa and polyp formation. Further studies are necessary to clarify the

mechanisms of the formation of large and small polyps in dogs with ICRPs.
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SUMMARY

To explore key mediators in the pathogenesis of ICRPs, the author investigated
pro-inflammatory cytokine expressions, such as IL-/3, 1L-6, TNF-a, IL-8, IL-12p35,
IL-12/23p40, and IL-23p19 in the colorectal mucosa of dogs with ICRPs by quantitative
real-time RT-PCR. Among these cytokines, IL-8 expression was markedly up-regulated
in large polyps. To examine IL-8 protein expression, the author analyzed IL-8 protein
level and its localization in colorectal mucosal specimens of ICRP dogs by ELISA and
immunofluorescence microscopy. IL-8 protein was significantly increased in large
polyps and serum in dogs with ICRPs when compared to controls. By
immunofluorescence microscopy, IL-8 was only localized in macrophages, but not in
mucosal epithelial cells and neutrophils. The number of IL-8-positive macrophages was
significantly increased in large polyps compared to controls. These results suggest that
IL-8 is produced mainly by macrophages and may induce neutrophil infiltration in the

colorectal area of ICRP dogs.
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GENERAL CONCLUSION

The goal of this study was to clarify whether several pro-inflammatory cytokines
are involved in the pathogenesis of dogs with LPE, LPC, and ICRPs. The findings of the
present study suggest that the involvement of pro-inflammatory cytokines in dogs with
LPE and LPC was different from that of human IBD. In contrast, pro-inflammatory
cytokine expressions in dogs with ICRPs were similar to that of human IBD.

In Chapter 1, the author revealed that relative expression of TNF-a, IL-12p35,
IL-12/23p40, and IL-23p19 mRNA was significantly decreased in the duodenal mucosa
of dogs with LPE when compared to control dogs. Moreover, there was no significant
difference in each cytokine mRNA expression except for IL-23p19 mRNA in the
colonic mucosa between dogs with LPC and controls. Thus, there is no clear evidence
for the up-regulation of pro-inflammatory cytokine mRNA expressions in the intestinal
mucosa of dogs with LPE and LPC. These results suggested that the pathogenesis of
canine LPE and LPC is different from that of human IBD.

In Chapter 2, the author revealed that the relative expression levels of all
cytokines (IL-18, IL-6, TNF-a, IL-8, IL-12p35, IL-12/23p40, and IL-23p19) examined in
large polyps were significantly higher than those in normal colorectal mucosa. In
addition, relative expression levels of IL-1p, IL-6, IL-8, and IL-12p35 mRNA in small
polyps were significantly higher than those in normal colorectal mucosa. Among these
cytokines, IL-8 expression was significantly elevated in large polyps and small polyps
when compared to that in the normal colorectal mucosa. Serum IL-8 protein level in
ICRP dogs was also significantly increased when compared to that in control dogs. By

immunofluorescence microscopy, IL-8 was only localized in macrophages, but not in
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mucosal epithelial cells and neutrophils. The number of IL-8-positive macrophages was
significantly increased in large polyps when compared to controls. These results
suggested that IL-8 is produced mainly by macrophages and may induce neutrophil
infiltration in the colorectal area of ICRP dogs.

In conclusions, involvement of pro-inflammatory cytokines in dogs with LPE
and LPC may be different from human IBD. On the other hand, there is clear evidence
for the up-regulation of pro-inflammatory cytokine expressions, in particular IL-8, in

dogs with ICRPs. Further study is needed to clarify the etiology of canine IBD.
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JAPANESE SUMMARY (B &)

ROFIEMZE (IBD) (3B MHEOTHLEIER 2 7~ 3 R IR R B TEHA M D PR
HETHD, NEHEICEZ 2 ) BB EMaEGR (LPE) & RBMHEICEZ 5 U
VS E MR (LPC) 23 b — kA TH 5, LPE & LPC D2
Wi, BROFVZINIC KX OB Z RN L. WA OFEMMRAIC LD U X
BREEMBORENEICED bbb D & Shd, —H T, RIEMERER
AU —7" (ICRPS) ITITFENDI=F a7 « ¥y 7 A7 RTEIZE#MEINT
ETCWVOREEMBORIEMIRETH D, WHEHG TIXZRMEO/NR Y —7 & ke
T D KO RN EDO KRR Y —F L2030 B, BRI T2 5o
HHERkE~r 77y =Y ORMARO LN, FHEIZFAHTH DA, Gl
FIRIZIIROG 2R T2 &0, RO IBD OFif- il cldisunmntEx 5T
ETWD, RO IBD OFRICE LT, BEIEPITAAHET D WAL #5722 £ ORI
(%92 RIS OREFE N B E R EH A H o TN L EEZEZX BTV D,

AD IBD TH5DH7 a—r9i (CD) E{EBMERGSR (UC) OFRREARLICIL,
B8 D S I OEHE DS O 7R F 2 > T b, CD & UC DR EIZI
T, RIEFNALC BT B RIEVEY A S 14 > (IL-1B. IL-6, TNF-a, IL-8, 1L-12p35,
IL-12/23p40 K TN IL-23p19) [ HICH N THEICHEML TR Y | JRERKIC
BEAKEEZH S TWD, —FH T, RIZBWTIX LPE & LPC TIZRIEMY A b
A DRBFH AT o ToiEITH Db DD, ZOITD 72, —BE LI #
IFELN TV, F72, ICRPs (2B L TIXA £ TITRIEMEY A S A v DRsEL
RMT 24T o T2 WA 1 X722V, £ 2 TARMIZED BRYIE, R LPE, LPC KT ICRPs
BT DRIEMY A N OA L ORBEEMITT 52 TH D,

F1ETIE, &Y T/VZ A A PCRIELZHWT LPE & LPC OIFEREIZE
T D RIEPES A N A > DA T FEBMNT 21T - T, £ Dfif . LPE TIX TNF-a,
IL-12p35, 1L-12/23p40 J OF IL-23p19 Ein I Bl Em M RIZH N THEIZED
LTHY ., LPC TiE IL-23pl9 Bin FHBLE D HDMEF RIZHTHEIC EA L
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TWez, ZThHDZ &R0 RIEWY A M A OB EIT LPE & LPC DJiFfE
FERIZIE < BIS- L TW R ATREE DS RIR S U7,

F2ETIE, EEV T NVHA LPCRIEZHWTICRPS D/NRY —7 L KAKRY
— IR RIEMEY A N A DRI FRBUENT AT o Tc, £ DRER,
KAV =T TIHERE L2 TOREMSEY A NI A VBRI RPN RIC
RCEEBICEALTEY, /IR Y —7TIE IL-1B. IL-6, 1L-8 KT 1L-12p35 Eis
THRBLENMER KITHARTHEIZ LA LT, f1TH, IL-8 Er - RELEN
BHEIC B LTz, ELISAEZ W T IL-8 EREEZ E&E L., IL-8 &
FEIZ ICPRs DI H & IRA RO M F IV TR R & IR THEIC EF L TW
D2 ENHONMTR ot T T, IL-8 PEAMNN 2K ET D 72 IRk
TR EIToToE T A, IL-8 M~ v 7 7y — VIR R e~ — 1 —T
7% lbal BHPEMIIE & Y SN D Z ENH L E R D | Z ORGP ERIIR ST
ARk, AU —7 0 KRR Y —7DIEIHEML T\WD Z LRSS, i
DL XV, ICRPs DIFEETERRICIZ~Z 0 77—V BEEA SN S IL-8 NE
EThDHAREMENE X b,

ARFFEIZ LV | KD LPE e OV LPC & ICRPs TIZIHATIZ I 1T 2 RAEMEY A b
A OFBENREN R D Z LA B0 o7z, LPE & LPC TiX, WHAEIC
U D RIEMEY A R A L ORBLEFITTTEOSNT. AD IBD &IdEE
B2 B AREMEDVRIB ST, — 77, ICRPs TIJRZEMBIC I B RIEMEY A N A
VOFRBEFTEFLTEY, BIEECEF LW IL8 i~ a7 7 —Uh
BEEAE XN TV D ATREMEAS/RIE X 41, ICRPs OJFRRETZIRICIELS b > T 5 Z &
NHZ BT,
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