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aBsTRACT. Lymphocytic-plasmacytic colitis (LPC) is a common form of inflammatory bowel disease (IBD) affecting the canine large
intestine. Cytokines are thought to be involved in the pathogenesis of IBD. However, to date, few studies have investigated cytokine mRNA
expression in dogs with LPC. In this study, we investigated mRNA transcription levels of T helper cell cytokines, such as IFN-y, IL-4,
IL-17 and IL-10 and pro-inflammatory cytokines, such as IL-1f, IL-6, TNF-a, IL-8, IL-12 and IL-23, in colonic mucosa from LPC dogs
by quantitative real-time RT-PCR. No significant differences were detected in cytokine mRNA expressions between dogs with LPC and
controls, except for IL-23p19. Dogs with LPC failed to express a predominant cytokine profile in inflamed colonic mucosa as opposed to

human IBD.
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Idiopathic lymphocytic-plasmacytic colitis (LPC) is a
common form of inflammatory bowel disease (IBD) affect-
ing the canine large intestine [5]. Although the etiology of
LPC is still unknown, it has been suggested that dysfunc-
tion of the mucosal immune system, with loss of tolerance
to luminal antigens, plays a possibly important role in the
pathogenesis of canine LPC [4]. Previous investigations into
canine LPC have revealed changes in immune cell popula-
tions and inflammatory cytokine mRNA expressions in the
large-intestinal mucosa [13, 15].

Data implicating the involvement of mucosal cytokines in
the pathogenesis of canine LPC are limited. Dogs with LPC
lack consistent patterns of cytokine mRNA expressions. Rid-
yard et al. reported that IL-2 and TNF-a mRNA expressions
are increased in colonic mucosa from dogs with LPC when
compared to healthy controls and concluded that LPC is as-
sociated with the activation of helper T (Th) 1 type CD4"
lymphocyte [13]. On the other hand, Jergens reported that
LPC dogs failed to express a predominant pro-inflammatory
Th1- or Th2- cytokine bias in inflamed colonic mucosa [3].
These previous studies analyzed cytokine mRNA expres-
sions using semi-quantitative PCR methods, and there is no
report about mucosal cytokine gene expressions in colonic
biopsies from dogs with LPC using quantitative real-time
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PCR.

Therefore, the aim of the present study was to investigate
the Th cytokine and pro-inflammatory cytokine mRNA ex-
pressions profile in the colonic mucosa from dogs with LPC,
using quantitative real-time PCR method.

Dogs (n=6) brought to Hokkaido University Veterinary
Teaching Hospital from July 2010 to November 2012 for the
investigation of large intestinal disease (diarrhea, tenesmus,
hematochezia and increased frequency of defecation) per-
sisting for more than 3 weeks and subsequently diagnosed
histopathologically with LPC were included in this study.
Dogs treated with corticosteroids within 2 weeks prior to
presentation were excluded. Breed, sex, age, body weight
and disease severity are shown in Table 1. Disease severity
of dogs was scored based on the Canine Chronic Enteropa-
thy Clinical Activity Index (CCECAI) [1]. Total CCECAI
score classifies the disease as clinically insignificant (score
0-3), mild (score 4-5), moderate (score 6-8), severe (score
9-11) or very severe (score>12).

Control colonic mucosal specimens were obtained endo-
scopically from 12 healthy dogs (6 beagles and 6 mongrels).
These included 8 intact females and 4 intact males. Eight
dogs were 1 year old (range, 16 to 23 months; median 22
months), one mongrel was 8 years old, and three mon-
grels were 9 years old. The median body weight was 12.1
kg (range, 7.9 to 15.8 kg). No clinical signs suggestive of
gastrointestinal disease were observed in these dogs. Hema-
tologic, serum biochemical, fecal and abdominal ultrasono-
graphic examinations were performed on all dogs to assess
their health status. Use of dogs in this study was approved by
the Laboratory Animal Experimentation Committee, Gradu-
ate School of Veterinary Medicine, Hokkaido University
(Approval no. 13-0142).
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Table 1.  Breed, sex, age, BW and CCECALI score of dogs with LPC
Age BW
Breed Sex (Years)  (kg) CCECAI score
Border Collie NF 8.2 13.5 11 (severe)
Bernese Mountain Dog F 2.5 33.1 8 (moderate)
Pembroke Welsh corgi  NM 11.7 13.4 12 (severe)
Pomeranian M 6.3 2.0 3 (insignificant)
Shih-Tzu NF 11.0 8.9 7 (moderate)
mongrel F 10.5 16.4 6 (moderate)

BW, body weight; CCECAL, canine chronic enteropathy clinical activity
index; NF, neutered female; F, female; NM, neutered male; M, male.

Colonoscopy was performed under general anesthesia
using a VQ-8143A flexible video endoscope (Olympus
Medical Systems Corp., Tokyo, Japan). Multiple mucosal bi-
opsies were taken using FB-55Q-1 biopsy forceps (Olympus
Medical Systems Corp.). Colonic specimens for total RNA
extraction were immediately submerged in RNAlater Solu-
tion (Ambion Inc., Austin, TX, U.S.A.) and stored at —80°C
until use. Samples for histopathology were placed in 10%
formalin and embedded in paraffin, and hematoxylin and eo-
sin-stained sections were prepared. Total RNA was extracted
using a RNeasy Protect Mini Kit (Qiagen Inc., Valencia,
CA, U.S.A.), according to the manufacturer’s instructions,
and genomic DNA was removed from the samples with a
commercially available kit (RNase-Free DNase set; Qiagen
Inc.). cDNA was synthesized from 0.5 ug total RNA using
High Capacity RNA-to-cDNA Master Mix containing the
Oligo dT primer and random primer (Applied Biosystems,
Foster City, CA, U.S.A.).

Primers for IFN-y, IL-4, IL-17, IL-10, IL-1p, IL-6, TNF-a,
IL-8, IL-12p35, 1L-12/23p40, 1L-23p19 and three refer-
ence genes, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), succinate dehydrogenase complex, subunit A
(SDHA) and hydroxymethyl-bilane synthase (HMBS) were
used. Quantitative reverse transcription PCR (qPCR) was
either designed using Primer-BLAST, based on the canine
GenBank sequences or based on previous reports [10, 16].
For accurate quantification, SDHA was chosen as the refer-
ence gene by geNorm [17] from three candidate reference
genes (GAPDH, SDHA and HMBS) as described previously
[12, 16]. Sequences of primer pairs used for qPCR are shown
in Table 2. The specificities of these primers in amplifying
each target mRNA by sequential analysis of PCR products
were confirmed using the BigDye Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems) and carried out using an
ABI PRISM 3100 Genetic Analyzer (Applied Biosystems).

Each qPCR reaction was performed in 25 u/, containing
200 nM of each primer and 1 x/ cDNA in addition to POW-
ER SYBR Green PCR Master Mix (Applied Biosystems)
using a 7300 Real-Time PCR System (Applied Biosystems).
The amplification conditions were 95°C for 10 min and 40
cycles PCR (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). Reaction efficiency was determined for each
primer set, using 10-fold dilutions (107 molecules u/™' to
10" molecules u/™") of plasmids ligated with each cytokine

and reference gene, and the correlation coefficient was>0.98.
Cycle threshold (C,) values that indicated the point where the
threshold intersected with amplification curves of PCR reac-
tion were determined using software (7300 SDS Software;
Applied Biosystems). Melting curve analysis did not show
misprinting in any of the reactions.

All samples were examined in duplicate, and each PCR
reaction included a non-template control. Absolute quantifi-
cation of cytokine mRNA was performed by converting the
sample C, values to a concentration (copies per u/) based on
the standard curves. The target amount was then divided by
the amount of SDHA to obtain a normalized target value.

Statistical analyses were performed using a statistical
program, JMP 9 (SAS Institute Inc., Cary, NC, U.S.A.).
Normality of distribution was assessed by the Shapiro-Wilk
W test. The nonparametric Wilcoxon rank sum test was used
to compare the results between LPC and controls. A value of
P<0.05 was considered significant.

No significant differences were detected in cytokine
mRNA expressions between dogs with LPC and control
dogs, except for IL-23p19 (Fig. 1).

In the present study, we examined the cytokine mRNA ex-
pression profile in the colonic mucosa of canine LPC using
the qPCR method. There was no evidence of up-regulation
of each cytokine mRNA expression, except for IL-23p19
mRNA expression, in the colonic mucosa from dogs with
LPC when compared to healthy controls. Recently, we re-
ported significantly increased expression of pro-inflammato-
ry cytokine genes, such as IFN-y, IL-17, IL-1p, IL-6, TNF-a,
IL-8, IL-12p35, IL-12/23p40 and IL-23p19, in the colorectal
mucosa of dogs with inflammatory colorectal polyps [10,
16]. In this study, we used the same qPCR method. Thus,
obvious pro-inflammatory cytokine up-regulation is unlikely
in the colonic mucosa of dogs with LPC.

The current study also demonstrated that Th cytokines,
such as IFN-y, IL-4, IL-17 and IL-10 mRNA expressions, in
the colonic mucosa from dogs with LPC were not different
from those in healthy controls. In addition, our recent study
of the expressions of IFN-y, IL-17 and IL-10 mRNA in the
duodenal mucosa of dogs with lymphocytic-plasmacytic en-
teritis (LPE) indicated that there was no difference in these
cytokine mRNA expressions when compared to those in
healthy controls [9]. Thus, there was no evidence of the up-
regulation of typical Th cytokine mRNA in the duodenal or
colonic mucosa of dogs with IBD.

The results of the present study indicated that only IL-
23p19 mRNA expression was increased in the colonic mu-
cosa from dogs with LPC. IL-23 is a heterodimeric cytokine
and comprises pl9 and p40 subunits [6, 14]. IL-23p19 is
thought to be produced by macrophages and plays important
roles in the promotion of Th17 cell differentiation [2, 14].
However, not only IL-23p19 but also IL-23p40, IL-6 and
TGF-p are required for the differentiation and maintenance
of Th17 cells in humans [6]. Therefore, IL-17A mRNA ex-
pression was not increased in the colonic mucosa of dogs
with LPC. Moreover, there was no correlation between
IL-23p19 mRNA expression and the CCECAI score in dogs
with LPC. The significance of increased IL-23p19 mRNA
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Table 2.  Sequences of oligonucleotide primers used for quantitative real-time PCR
Primer set Primer sequence (5'-3") Position GenBank accession number

IFN-y Forward GCGCAAGGCGATAAATGAAC 492-573 NM_001003174
Reverse CTGACTCCTTTTCCGCTTCC

TNF-a Forward TCTCGAACCCCAAGTGACAAG 241-393 NM_001003244
Reverse CAACCCATCTGACGGCACTA

IL-4 Forward TCACCAGCACCTTTGTCCAC 113-256 NM_001003159
Reverse CGCTTGTGTTCTTTGGAGCA

IL-17 Forward GGAATCTGCACCGCAATGAGGAC 231-378 NM_001165878
Reverse CGCAGAACCAGGATCTCTTGCTGG

IL-10 Forward CGGGAGGGTGAAGACTTTCT 148-291 NM_001003077
Reverse GGCATCACCTCCTCCAAGTA

IL-1B Forward CAAGTCTCCCACCAGCTCTGTA 154-234 NM_001037971
Reverse GGGCTTCTTCAGCTTCTCCAA

1L-6 Forward TTAAGTACATCCTCGGCAAAATCT 212-297 NM_001003301
Reverse CAGTGCCTCTTTGCTGTCTTCA

IL-8/CXCL8  Forward CTCTCTGTGAAGCTGCAGTTCTG 59-139 NM_001003200
Reverse GGAAAGGTGTGGAGTGTGTTTTT

IL-12p35 Forward GTGCCTCAACCACTCCCAA 117217 NM_001003293
Reverse CAATCTCTTCGGAAGTGCAGG

IL-12p40 Forward CAGCAGAGAGGGTCAGAGTGG 527-635 NM_001003292
Reverse ACGACCTCGATGGGTAGGC

IL-23p19 Forward CAAGGGGAGAAAAACAGCAG 303-381 XM_538231
Reverse TGCTGTCCGTTCTGTGAGTC

GAPDH Forward ATCACTGCCACCCAGAAGAC 535-667 NM_001003142
Reverse TCAGCTCAGGGATGACCTTG

SDHA Forward GCCTTGGATCTCTTGATGGA 685-776 XM_535807
Reverse TTCTTGGCTCTTATGCGATG

HMBS Forward TCACCATCGGAGCCATCT 323434 XM_546491
Reverse GTTCCCACCACGCTCTTCT

CXCLS, CXC chemokine ligand 8; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; SDHA, succinate dehydro-
genase complex, subunit A ; HMBS, hydroxymethyl- bilane synthase.

expression in the development and maintenance of colonic
mucosal inflammation remains unclear. Thus, further studies
are necessary for clarification of the importance of increased
IL-23p19 mRNA expression in the pathogenesis of canine
LPC.

In this study, two dogs showed clinically severe disease.
In these dogs, IL-1 mRNA expression showed an increas-
ing tendency, although there was no significant difference.
Therefore, there is a possibility that IL-1f mRNA expression
would be significantly increased in dogs with LPC if the case
number was larger. Thus, IL-1p mRNA expression may be
involved in the disease severity of dogs with LPC.

A recent study demonstrated increased nucleotide oligo-
merization domain two (NOD2) mRNA expression and
NFkappaB activation in the colonic mucosa of dogs with
LPC [11]. NOD2 has been shown to recognize bacterial
components, and this interaction leads to the activation of
NFkappaB. Activation of NFkappaB could lead to not only
pro-inflammatory cytokines but also chemokine production
in human IBD [8]. Maeda et al. reported the up-regulation of
some chemokines and chemokine receptors in the duodenal
mucosa of dogs with LPE when compared to controls [7].
Thus, chemokines but not pro-inflammatory cytokines may

play important roles in the infiltration of inflammatory cells,
such as lymphocytes and plasma cells, in dogs with LPC.

The major limitation of the current study was the small
number of cases, because of the limited availability of large
intestinal IBD cases visiting our facility. Further studies with
a larger number of cases are needed to validate our findings
in the current study.

In conclusion, no distinct cytokine profile was found in
the inflamed intestinal mucosa of dogs with LPC at the level
of mRNA expression. There was no clear evidence of the
contribution of a cytokine profile in the pathogenesis of
canine LPC.
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. 1. Relative expression of cytokine (IFN-y, IL-4, IL-10, IL-17,
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dogs with LPC (LPC, n=6). Transcription of succinate dehydroge-
nase complex, subunit A (SDHA) mRNA was used as an internal
control. The horizontal lines correspond to the median of the rela-
tive quantity in each group.
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