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Abstract

Background: Toll-like receptors (TLRs) recognize microbe-associated molecular patterns (MAMPs) and play an
important role in the regulation of inflammation in the gastrointestinal tract.

Hypothesis/objectives: There is a dysregulation of TLRs recognizing bacterial MAMPs at the protein level in
canine chronic enteropathies (CCE).

Animals: 20 healthy control dogs (HCD), 20 dogs with steroid-responsive (SR) and 20 dogs with food-responsive
(FR) diarrhea.

Methods: Prospective study. Biopsies from duodenum and colon were taken before and after standard therapy in
40 dogs with SR and FR and at necropsy in 20 healthy beagles. Immunohistochemistry was performed to determine
the expression of TLR2, 4, 5 and 9 using immunohistochemistry.

Results: TLR2 positive cells were downregulated in the duodenum and colon in FR and SR compared to HCD
before and after therapy (all p<0.0001). In regard to the epithelium, the expression of TLR2 was higher in FR before
therapy (p=0.009) compared to HCD. TLR4 positive cells were upregulated in duodenum in FR before (p=0.008) and
after (p=0.02) therapy compared to HCD. In the colon, TLR4 positive cells were significantly upregulated in FR and
SR before (p=0.0009) and after (p=0.0002) therapy in comparison to HCD. No expression of TLR4 was seen in the
epithelium. TLR5 positive cells were upregulated in the colon in SR and FR compared to HCD before therapy
(p=0.005) and in FR after therapy (p=0.020). TLR9 positive cells were significantly decreased in the duodenum and
colon of dogs with SR and FR before TLR5 positive cells were upregulated in the colon in SR and FR compared to
HCD before therapy (p=0.005) and in FR after therapy (p=0.020) and after therapy compared to HCD (all p<0.0001).
In regard to the epithelium, the expression of TLR9 was significantly lower in FR before and in FR and SR group
after therapy in duodenum and colon compared to HCD.

Conclusion and clinical importance: In this study, TLR4 and TLR5 expression at the protein level was
significantly upregulated in inflammatory cells in CCE leading to increased inflammation. The downregulation of
TLR9 in cells and epithelium seen in CCE compared to healthy dogs points towards the important role that TLR9
also plays in gut homeostasis in mice and men. Further studies are needed to evaluate the potential use of new
therapeutic approaches to impair TLR4 and 5 expression or induce TLR9 activation with corresponding ligands (e.g.,
synthetic lipopeptides or synthetic CpGs, respectively) in CCE.

Keywords Inflammatory bowel disease; Food-responsive diarrhea;
Commensal bacteria; Diarrhea

Introduction
Canine chronic enteropathies (CCE) are a common cause for

vomiting and diarrhea in dogs and include inflammatory bowel disease
(IBD; sometimes also called steroid-responsive diarrhea (SR)) and
food-responsive diarrhea (FR). IBD is characterized by persistent or
recurrent clinical signs of gastrointestinal disease of unknown cause
associated with histologic evidence of inflammation in the small
and/or large intestinal mucosa [1]. Canine IBD is still a clinical
exclusion diagnosis, and the therapy is mostly based on experience and
includes a combination of elimination diet, antibiotics and

immunosuppressive drugs and is often frustrating [2]. The
pathogenesis of IBD is incompletely understood, but environmental,
immunologic and genetic factors may play an important role. The
presence of the intestinal microbiome as well as the loss of tolerance to
commensal microorganisms is important for the development of
intestinal inflammation in mouse models of IBD [1,3,4]. There is good
evidence that excessive mucosal immune response to components of
the microbiome, due to abnormal or impaired effector or regulatory
cell activity, is important in the pathogenesis of human IBD in
genetically predisposed individuals [4]. Several studies about human
and canine IBD have indicated significant differences in the intestinal
bacterial microbiota between IBD patients and healthy controls [4,5].
Suchodolski et al. [5] demonstrated a significant difference in the
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composition of the duodenal microflora between dogs with idiopathic
IBD and healthy control dogs.

Pattern recognition receptors (PRRs) are responsible for the
recognition of microbe-associated molecular pattern (MAMPs) [6,7].
Toll like receptors (TLRs) are an important group belonging to this
family. To date, 13 members of the TLR family have been identified in
mammals, and TLR 1-9 seem to be conserved between human and
mouse [8,9]. These receptors recognize MAMPs present on diverse
microbes including Gram-positive and Gram-negative bacteria, fungi,
viruses and parasites. The TLRs recognizing bacterial MAMPs are
TLR2 (lipopeptides, peptidoglycan (PGN), and lipoteichoic acid),
TLR4 (lipopolysaccharide (LPS)), TLR5 (flagellin), and TLR9
(bacterial and viral unmethylated CpG oligonucleotides). TLRs are
expressed by cells belonging to the innate immune system such as
macrophages and dendritic cells, but also by human intestinal
epithelial cells (IEC) [10]. Binding of a TLR ligand results in a
downstream signaling cascade with activation of several kinases and
ultimately in the activation of nuclear factor-κB (NF-κB) and the
production of proinflammatory cytokines, chemokines, costimulatory
molecules and reactive oxygen and nitrogen intermediates [6,11,12].

However, TLR signaling is also important for gut homeostasis and
epithelial barrier function [13]. Several mechanisms are responsible to
induce tolerance against commensal bacteria and to protect the host
against excessive inflammation. A reduced expression of TLRs and
decreased responsiveness to TLR ligands as well as induction of
tolerance after repeated exposure to TLR ligands in epithelial cells may
reduce inflammation [7,13]. The expression of TLRs can be
extracellular on the cell surface like TLR2, 4 and 5 or intracellular like
TLR3 and TLR9 [8,9,14]. However, in mouse colonic epithelial cells,
TLR9 is expressed on the apical and basolateral cell surface [15]. It has
been shown that TLR2 and 4 are expressed constitutively on primary
canine colonic epithelial cells and that the expression could be
stimulated with PGN for TLR2 and LPS for TLR4 [16]. On the level of
mRNA expression, TLR2, TLR 4 and TLR9 were upregulated in dogs
with steroid-responsive diarrhea compared to healthy dogs [17,18].
TLR 4 was upregulated in German Shepherd Dogs with IBD in
comparison to healthy dogs, whereas TLR 5 was downregulated [19].
No significant differences were seen in the expression of TLR2 and
TLR9 mRNA between German Shepherd Dogs with IBD and control
dogs.19 Furthermore, polymorphisms in the TLR4 and TLR5 gene
were significantly associated with IBD in German shepherd dogs [20].
On the level of protein expression in dogs, there are no studies
published up to now, but this group produced canine-specific
antibodies and evaluated protocols for the use in dogs [21].

The purpose of this study was to determine the expression of TLR2,
TLR4, TLR5 and TLR9 using these antibodies [21] for
immunohistochemistry in dogs with chronic enteropathies (FR or SR)
compared to healthy control dogs (HCD) before and after standard
therapy and to test the hypothesis that there is a dysregulation of
expression of TLRs on the protein level in dogs suffering of CCE.

Material and Methods

Healthy control dogs
Control biopsies were taken at necropsy from 20 healthy Beagle

dogs, which served as placebo controls in unrelated pharmacologic
studies. This group included 8 males and 12 females (all intact), 11-168
months old (median 87 months), with body weights from 5.4 to 15.5

kg (median 10 kg). These dogs did not receive any drugs, were
clinically healthy with no signs of diarrhea or vomiting, and showed no
abnormalities in complete blood count, serum biochemical profile, and
urinalysis. Furthermore, parasitic and bacterial analyses of fecal
samples were performed and the samples were free of Giardia sp.,
Salmonella sp., Campylobacter sp. and other potential causes of
diarrhea. Full thickness biopsies of mesenteric lymph nodes and at
least 6 biopsies with an endoscopic biopsy forceps as well as full
thickness biopsies from duodenum and colon were taken at necropsy
directly after euthanasia. The biopsies were kept in 4% neutral-buffered
formalin. The samples were examined by a board-certified pathologist
and were histologically unremarkable [17].

Dogs with chronic enteropathies
Forty dogs with signs of chronic gastrointestinal disease referred to

the Small Animal Teaching Hospital of the University of Bern between
November 2006 and February 2009 were included in this prospective
study. Some of the dogs described here were used in another study and
information about these dogs and the study protocol is available
elsewhere [17]. Selection criteria included a history of chronic diarrhea
with or without vomiting that lasted for at least 3 weeks, exclusion of
identifiable underlying disorders, and histopathological evidence of
intestinal inflammatory cellular infiltrate. Owners of dogs signed a
letter of consent in which they agreed to participate in initial and
follow-up diagnostic evaluation, including endoscopic exams before
and after therapy. None of the dogs had been treated with antibiotics,
corticosteroids, or antacids at least 7 days before entering the study. All
experimental procedures were approved by the Cantonal Committee
for Animal Experimentation, Bern, Switzerland (118-05).

All dogs were given a clinical score using the canine IBD activity
index (CIBDAI) as established by Jergens et al. [22] and were classified
as clinically insignificant (score 0–3), mild (4–5), moderate (6–8), or
severe (9–18) before and after therapy. Furthermore, the dogs were
classified according to their predominant clinical signs as having upper
or lower gastrointestinal disease or both. Duodenoscopy and
colonoscopy were performed in all dogs except those with severe
hypoalbuminemia (n=7; all <18 g/L), where a 36 h fasting period
required for colonoscopy was considered to be detrimental. After
endoscopy, all dogs were treated initially with an elimination diet1 for
14 days. Recommendations usually state that dogs should be fed an
appropriate formulation for at least 4–6 weeks [23]. The elimination
diet trial in our study was accomplished for 14 days based on recently
obtained evidence, that diet trials of 10 days are adequate to show
complete remission in dogs with food responsive diarrhea [24].

Dogs that responded to the elimination diet in the first 14 days
(clinical signs improved or resolved) were assigned to the FR group.
This group included 20 dogs, 12 males (10 intact, 2 neutered) and 8
females (6 intact, 2 neutered), 6-76 months old (median 21.5 months),
with body weights from 7.5 to 61 kg (median 27.9 kg). Breeds in this
group included: Bernese Mountain Dog (3), German Shepherd Dog
(2), Golden Retriever (2), mixed breed (2) and one of each belonging
to Whippet, West Highland White Terrier, Leonberger, Great Dane,
Malinois, Labrador Retriever, Schwyzer Laufhund, Shi-Tzu, Alaskan
Malamute, English Setter and Weimaraner breed.

The dogs that did not respond in the first 14 days of treatment
(clinical signs persisted while on the elimination diet) were assigned to
the SR group and were given oral prednisolone (1 mg/kg PO q12 h) for
14 days followed by a tapering dosage (50% reduction every 2 weeks if
possible). This group included 20 dogs, 12 males (5 intact, 7 neutered)
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and 8 females (1 intact, 7 neutered), 32-154 months old (median 61
months), with body weights from 2.9 to 71.7 kg (median 20.5 kg).
Breeds in this group included: mixed breed (3), Dachshund (2) , Shar
Pei (2), Yorkshire Terrier (2) and one of each belonging to Rottweiler,
Bull Mastiff, Cavalier King Charles Spaniel, Papillion, Beauceron,
Bernese Mountain Dog, Pug, German Shepherd Dog, Golden
Retriever, West Highland White Terrier and Malinois breed.

The protocol that was used in this study was described before [17].
Seven of 20 dogs in the SR group were clinically classified as having
protein-losing enteropathy (PLE). These dogs showed a
panhypoproteinemia and a severe hypoalbuminemia (all<18 g/L).
Because of the severe hypoalbuminemia and the need of a quick
response, the elimination diet and the treatment with prednisolone in
these dogs were started immediately after the first endoscopy.

Tissue samples
Dogs were prepared for endoscopy by withholding food for 36 h

and administering a colonic lavage solution2 by gastric intubation (2
doses of 30 mL/kg of body weight 6–8 h apart). At least six adequate
mucosal biopsy specimens were obtained from the duodenum (~10 cm
below the caudal duodenal flexure), and middle portion of the
descending colon, or from where lesions were visible. An endoscopic
score [25] was assigned based on mucosal appearance and on the
severity of changes. Samples for subsequent histopathological
evaluation were placed in 4% neutral-buffered formalin or
paraformaldehyd for 24 h before embedding in paraffin. Biopsy
specimens were examined by a board-certified pathologist who was
blinded with regard to clinical diagnosis and treatments used.

Immunohistochemistry
The paraffin embedded tissue sections were deparaffinized and

rehydrated with a xylol-alcohol series and washed three times with
Tris-buffered saline (TBS)3. The epitope retrieval was performed with
citrate buffer (pH 6) in a standardized microwave (92°C for 15
minutes). Sections were cooled to room temperature for 20 minutes.
After another washing step with TBS, Triton-X 100 (1%) was utilized
for 10 minutes to penetrate the cell membrane. To minimize
background, the endogenous peroxidase was blocked with methanol
and 3% hydrogen peroxide solution for 15 minutes and the samples
were washed again with TBS. To reduce nonspecific binding of
proteins, samples were incubated 30 minutes with 5% normal goat
serum. The sections were incubated overnight at 4°C with the primary
antibody (purified rabbit-anti canine TLR; TLR2 diluted 1:500, TLR4
diluted 1:50, TLR5 diluted 1:150 and TLR9 diluted 1:300 in 0.01 M
Tris-NaCl pH 7.4, respectively) [21]. The secondary antibody4 was
administered for 15 minutes by room temperature. After a washing
step with TBS, sections were stained with biotin-streptavidin-
horseradish-peroxidase5 for 15 minutes by room temperature and
washed again. Amino-9-ethyl-carbazole was used as chromogen6.
After counterstaining with hematoxilin, sections were cover-slipped
with an aqueous mounting medium7 and digital pictures were taken
and analyzed. Positive (mesenterial lymph node) and negative
(intestine and mesenterial lymph node without primary antibody)
controls were run with every batch of samples.

Coloration of cells as well as the staining of the epithelium was
evaluated separately. The degree of expression of TLRs in the biopsy
specimens was blindly evaluated by two examiners (MS and AZ) as
described previously [26]. In brief, the scoring scheme graded

epithelium and cells as follows: epithelium: 0=the same as background;
0.5=close to background; 1=well-marked positivity; 1.5=strong
positivity; 2=very strong positivity. Cells: 0=no positive cells visible;
0.5=sporadic single cells; 1=scattered single cells; 1.5= scattered cells
with discrete clusters; 2=large groups or clusters of cells; 2.5=dense
dissemination.

Statistical analysis
All statistical analyses were performed with NCSS8 (www.ncss.com).

A Kruskal-Wallis One-way ANOVA and Kruskal-Wallis Multiple-
Comparison z-Value Test (Dunn’s Test) was used to compare the three
groups in regard to cells and staining of epithelium in colon and
duodenum. Spearman Correlation test was used to show correlations
between cell count and staining of epithelium in duodenum and colon.
A repeated Measures ANOVA was used to compare the measurements
within the three groups over time. For CIBDAI, a 2-way repeated
measures routine with groups (FR, SR) and time (before, after) was
utilized. A p-value <0.05 was considered significant.

Results

CIBDAI

Figure 1: Canine inflammatory bowel disease activity index
(CIBDAI) before (B) and after (A) therapy in 20 dogs with food-
responsive (FR) and 20 dogs with steroid responsive (SR) diarrhea.
The CIBDAI was significantly higher in the SR group compared to
FR before and after therapy (p=0.022 and 0.011, respectively).
Furthermore, there was a significant improvement over time within
both groups (both p<0.001). *, ∞, ‡ and † show significance.

The CIBDAI was significantly higher in the SR (median 8, range
4-15) group compared to FR (median 6, range 4-12) before and after
( SR; median 2, range 0-10; FR median 0, range 0-2) therapy (p=0.022
and 0.011, respectively). As expected, there was a significant
improvement over time within the FR and SR group (p<0.001) (Figure
1).

TLR 2
As a positive control, slides from the same lymph node from a

healthy dog were used in all runs. The staining pattern revealed
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positive cells predominantly in the cortex (T-cell area and dendritic
cells) and medulla (dendritic cells, macrophages and B-cell area).

In the duodenum, the epithelium was positive stained in the villus
and in the crypt area. The staining was more intense in the apical
epithelial cells and attenuated in the crypt area both in the duodenum
and the colon. Miscellaneous TLR2 positive cell populations were
found in the lamina propria and submucosa. Positive cells stained
mainly cytoplasmatic and in some extent granular but only scattered
membranous. The distribution of TLR2 positive cells in the lamina
propria, likely lymphocytes, dendritic cells and possibly macrophages,
was disseminated. In addition to these cell populations cells of the
submucosal plexus (Meissner’s plexus), possibly neurons, were also
positive for TLR2. Most positive cells were found in the healthy control
dogs. TLR2 positive cells were significantly down-regulated in the
duodenum and the colon in FR (cell scoring range before therapy
0,5-2,5 (median 1,5) and 0,5-2 (median 1) and cell scoring range after
therapy 0,5-2 (median 1,5) and 0-2 (median 1), respectively) and SR
(cell scoring range before therapy 0,5-2 (median 1,5) and 0,5-1,5
(median 1) and cell scoring range after therapy 0,5-2 (median 1) and
0,5-1,5 (median 1), respectively) group compared to HCD (cell scoring
range 1,5-2,5 (median 2,5) and 1,5-2,5 (median 2)) before and after
therapy (all p<0.0001). In regard to the epithelium, the expression of
TLR2 in the duodenum was higher in FR before therapy (p=0.009, cell
scoring range before therapy 0-2 (median 1)) compared to HCD (cell
scoring range 0-1 (median 0,5)). No significance was shown in
expression of TLR2 positive epithelium in FR group compared to HCD
after therapy as well as SR group before and after therapy compared to
HCD.

TLR 4
Expression of TLR4 positive cells in the mesenteric lymph node

from a healthy dog, which served as positive control, was accentuated
in the germinal centre (B- and T-lymphocytes, dendritic cells). The
staining pattern was considerably membranous (Figure 2).

Intestinal epithelial cells were negative, as no expression of TLR4
was detected neither in the epithelium of the duodenum nor the colon
in healthy and diseased dogs. However, in the lamina propria of the
duodenum and the colon invading cells stained positive for TLR4. The
staining pattern of positive cells was particularly membranous and
infrequently granular-cytoplasmatic. Beside lymphocytes endothelial
cells of intestinal capillaries stained positive. TLR4 positive cells were
up-regulated in duodenum in FR before (p=0.008; cell scoring range
0,5-2,5 (median 1,5)) and after therapy (p=0.02; cell scoring range
0,5-2,5 (median1,5)) compared to HCD (cell scoring range 0-2
(median 0,75)). In the colon, TLR4 positive cells were significantly up-
regulated in FR (cell scoring range before therapy 0,5-2 (median 1,5)
and after therapy 0,5-2 (median 1)) and SR (cell scoring range before
therapy 0,5-2 (median 1) and after therapy 0-2,5 (median 1,5) group
before (p=0.0009) and after therapy (p=0.0002) compared to HCD
(cell scoring range 0-1,5 (median 0,5)

TLR 5
The staining pattern of the mesenteric lymph node (positive

control) revealed positive lymphocytes and macrophages in the
perivascular sinus as well as lymphocytes in the parafollicular space (T-
cell area) and the border area of the lymph follicle (B-cell area) as
shown in Figure 2.

In the duodenum, the epithelium was stained continuously in both
the villus and crypt area. The staining in the villus was accentuated in
the apical epithelial cell domain. Furthermore, an apical accentuated
coloration was found in epithelial cells in the colon. In the duodenum
and colon, different cell populations were positive for TLR5 with a
disseminated distribution. There was a basal granular staining of
intraepithelial cells in the crypts, supposedly lymphocytes. The number
of these cells decreased from duodenum to colon. In the lamina
propria, lymphocytes, macrophages and endothelial cells stained
positive. The staining pattern seemed to be granular and more
cytoplasmatic than membranous. In full thickness biopsies of healthy
dogs, the apical epithelium was more intensely stained than the crypts.
In addition, the Meissner’s plexus was positively staining for TLR5. In
addition to the positive lymphocytes in lymph follicles in full thickness
biopsies of the duodenum, also dendritic cells in the middle of lymph
follicles were positively stained. However, cells were not precisely
defined with other surface markers.

Figure 2: Representative immunohistochemistry results of TLR4,
TLR5 and TLR9 antibodies compared with CD79, MAC and CD3
staining at a comparable site of a canine reactive mesenterial lymph
node. Lysozyme staining and a negative control section are added
for comparison Bar=100 µm.
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Figure 3: TLR5-positive cells in the colon (CC5) in dogs with food
responsive (FR) diarrhea, healthy control dogs (HCD) and steroid
responsive (SR) diarrhea before (A) and after therapy (B) The FRD
and SR groups expressed significantly more TLR5 positive cells in
the colon before therapy compared to the HCD (p=0.005). After
therapy, only the FR group still yielded significantly more positive
cells in the colon (p=0.020).

The FR and SR groups expressed significantly more TLR5 positive
cells in the colon (p=0.005, cell scoring range 0,5-2,5; median 1,5 and
1, respectively), but not the duodenum before therapy compared to the
HCD (cell scoring range 0,5-1,5; median 0,75; Figure 3A). After
therapy, only the FR group still yielded significantly more positive cells
in the colon (p=0.020; cell scoring range 0,5-2; median 1,5; Figure 3B).
In the epithelium, there was no significant difference in staining
patterns between the groups neither in the duodenum nor in the colon
before and after therapy.

The expression of TLR5 in cells and epithelium correlated before
and after therapy in duodenum (r=0.506, p<0.001; and r=0.584,
p<0.001, respectively) and colon (r=0.501, p<0.001; and r=0.513,
p<0.001, respectively). Therefore, a positive correlation exists between
the staining of the cells from the lamina propria mucosae and the cells
of the epithelium mucosae in FR and SR.

TLR 9
The same lymph node as used for TLR2, 4 and 5 was also taken as a

positive control for TLR9 in all runs. TLR9 positive cells were
accentuated in the lymph follicles (B-cell area), but also some
lymphocytes in the precortex and cortex were positively stained
(Figure 2). The cellular staining was granular and cytoplasmatic.

Most positive cells were found in healthy dogs, and in decreasing
tendency in dogs suffering from FR, SR or PLE. The positive cells in

HCD were equally distributed in the crypts and the villi. In general,
there were more positive cells in the duodenum, but staining of the
epithelium was stronger in the colon than in the duodenum. Cells
positive for TLR9 were composed of a homologous group of small
cells, supposedly lymphocytes. Meissner’s plexus yielded also positive
staining.

Figure 4: TLR9-positive cells in the duodenum (CD9) and colon
(CC9) in dogs with food responsive (FR) diarrhea, healthy control
dogs (HCD) and steroid responsive (SR) diarrhea before (A, C) and
after therapy (B, D). The expression of TLR9 positive cells in
duodenum and colon was significantly lower in the diseased dogs
compared to HCD before and after therapy (all p<0.001).

Expression of TLR9 positive cells in duodenum and colon was
significantly lower in FR (cell scoring range before therapy 0-2,5
(median 1) and 0-1,5 (median 0,5) and cell scoring range after therapy
0-2 (median 1) and 0-1,5 (median 0,5), respectively) and SR group (cell
scoring range before therapy 0-2,5 (median 0,5) and 0-1 (median 0,5)
and cell scoring range after therapy 0-2 (median 0,5) and 0-1 (median
0,5), respectively) than in HCD (cell scoring range duodenum 0,5-2,5
(median 2) and colon 0,5-1,5 (median 1,5) before and after therapy (all
p<0.001, Figure 4). The epithelium was stained significantly weaker in
the FR group in duodenum (p=0.009) and colon (p=0.036) before
therapy (epithelium scoring range 0-1 (median 0) and 0-1 (median
0,5)) compared to HCD (epithelium scoring range 0-1 (median 0,75)
and 0-1,5 (median 1)) (Figures 5A and C). After therapy, the epithelial
staining was significantly weaker in FR (epithelium scoring range
duodenum 0-1 (median 0,25) and colon 0-1,5 (median 0,5) and SR
group (epithelium scoring range duodenum 0-1 (median 0) and colon
0-1 (median 0, 5) for both duodenum (p=0.023) and colon (p=0.013)
(Figures 5B and 5D).

The expression of TLR9 correlated within cells or epithelium in the
2 segments before (cells r=0.611, p<0.001; epithelium r=0.519,
p<0.001) and after therapy (cells r=0.649, p<0.001; epithelium r=0.667,
p<0.001). As there is a positive correlation between the staining of the
cells of the lamina propria mucosae and the cells of the epithelium
mucosae a strong staining of cells is attended by a strong staining of
the epithelium.
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The epithelium was stained significantly weaker in the FR group in
duodenum (p=0.009) and colon (p=0.036) before therapy (epithelium
scoring range 0-1 (median 0) and 0-1 (median 0,5) compared to HCD
(epithelium scoring range 0-1 (median 0,75) and 0-1,5 (median 1)
(Figures 5A and 5C). After therapy, the epithelial staining was
significantly weaker in FR (epithelium scoring range duodenum 0-1
(median 0,25) and colon 0-1,5 (median 0,5) and SR group (epithelium
scoring range duodenum 0-1 (median 0) and colon 0-1 (median 0, 5)
for both duodenum (p=0.023) and colon (p=0.013) (Figure 5B, D). The
expression of TLR9 correlated within cells or epithelium in the 2
segments before (cells r=0.611, p<0.001; epithelium r=0.519, p<0.001)
and after therapy (cells r=0.649, p<0.001; epithelium r=0.667,
p<0.001). As there is a positive correlation between the staining of the
cells of the lamina propria mucosae and the cells of the epithelium
mucosae a strong staining of cells is attended by a strong staining of
the epithelium.

Figure 5: TLR9-positive epithelium in the duodenum (ED9) and
colon (EC9) in dogs with food responsive (FR) diarrhea, healthy
control dogs (HCD) and steroid responsive (SR) diarrhea before (A,
C) and after therapy (B, D) the epithelium was stained significantly
weaker in the FR group in duodenum and colon before therapy (A,
C) compared to HCD (p=0.009 and 0.036, respectively). After
therapy, the epithelium was stained significantly weaker in FR and
SR group compared to HCD for both duodenum (p=0.023) and
colon (p=0.013).

Discussion
Pattern recognition receptors like TLRs are responsible for the

recognition of MAMPs [6,7] present on diverse microbes including
Gram-positive and Gram-negative bacteria, fungi, viruses and
parasites. Binding of a TLR ligand results in a downstream signaling
cascade with activation of several kinases and ultimately in the
activation of NF-κB and the production of proinflammatory cytokines,
chemokines, costimulatory molecules and reactive oxygen and
nitrogen intermediates [6,11,12]. To the author’s knowledge, this is the
first study evaluating protein expression of TLR2, TLR4, TLR5 and
TLR9 in the canine intestine. Furthermore, we could prove our
hypothesis that there is a dysregulation in TLR expression on the
protein level in dogs suffering of CCE.

TLR2 expression was significantly higher in the intestinal
epithelium of FR before therapy compared to HCD, but not in SR.
Furthermore, a significant down-regulation of TLR2 positive invading
cells in duodenum and colon was found in FR and SR before and after
therapy. These results are partially discrepant to findings from
previously performed studies in dogs [17,18] and men [26,27] which
showed an up-regulation of TLR2 mRNA expression in IBD. After
mRNA expression, several regulatory mechanisms are involved like
post-transcriptional and translational modifications and protein
degradation, which could regulate and modify the abundance of
protein expression [28,29]. Furthermore, a few studies in men
provided evidence of up-regulation of TLR2 in individuals suffering
from IBD, not only on the level of mRNA but also protein expression
[26,27,30]. In regard to the bacterial population, there are some
alterations of the microbiome towards a more gram negative flora and
less diversity in canine IBD [5,31]. A reduced TLR2 expression as a
result of diminished gram positive bacterial population may be a
reason for TLR2 downregulation in dogs with CE, as TLR2 expression
is influenced by LTA and PGN, two principal components of the gram
positive bacterial wall [10]. An enhanced expression of TLR2 (mRNA
and protein) was demonstrated by Voltan and coworkers in colonic
mucosa and IEC of mice after either supplementation or incubation of
Lactobacillus crispatus M247 [32]. In dogs, stimulation of duodenal
biopsies with TLR ligands revealed anti-inflammatory effects, whereas
the impact of Enterococcus faecium was limited [33]. Furthermore,
TLR2 appears to mediate some host-protective qualities in mice by
restoring intestinal epithelial barrier integrity and reducing colonic
mucosal inflammation [34,35]. Last but not least, regulatory T cells
(Tregs) play a crucial role in modulating immune reaction, in
particular maintaining tolerance to self-antigen. In duodenum of dogs
suffering from IBD, diminished numbers of Tregs were found
compared to healthy controls [36]. In vitro and in vivo studies in mice
revealed regulatory mechanisms of TLR2 signaling in T cell (effector
and regulatory T cell) homeostasis [37,38]. On one hand TLR2 ligands
enhance the proliferation and IL-2 production of effector T cells while
transiently suppressing Treg function, which is regained with declining
quantity of TLR2 ligands. On the other hand, TLR2 agonists increase
Treg numbers. This mechanism could enable the host to combat
pathogens or inducing tolerance against commensals and controlling
inflammation accordingly. Diminished TLR2 expression in dogs with
CE may therefore point toward a defective T cell homeostasis. Another
theory for our findings may be the downregulation of TLR2 as a
consequence of severe inflammation in order to protect the host of
overwhelming inflammatory response.

In contrast to TLR2 and TLR9, TLR4 expression was significantly
up-regulated in invading cells in the duodenum in FR and in the colon
in FR and SR group before and after therapy. A trend towards an
increased duodenal expression of TLR4 positive cells in SR group
before and after therapy was recorded, though significance was not
reached. Hence, a larger study population may be needed to achieve
statistical significance. Similar findings were found on mRNA [17,19]
and protein level in canine and human IBD, respectively [39]. Igarashi
and colleagues indicated an upregulation of mRNA of TLR2, 4 and 9 in
miniature dachshunds with inflammatory colorectal polyps compared
to healthy control dogs [40]. In addition, enhanced transcriptional and
protein level of TLR4 positive intestinal LP macrophages were reported
in human IBD [30]. Pronounced TLR4 expression of invading cells of
diseased dogs may suggest increased inflammation and added contact
to LPS, possible through translocated bacteria in response to disturbed
intestinal permeability. There are conflicting results in regard to TLR4
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protein expression in intestinal epithelial cells [30,39]. We did not
detect any TLR4 positive IEC, neither in dogs suffering from CE nor in
controls. In agreement to our findings, human IEC remained negative
for TLR4 protein expression in IBD and control samples [30]
Furthermore, our findings indicate altered TLR4 expression in CCE
compared to healthy controls. Dysregulation of TLR4 may therefore
play a role in the pathogenesis of canine IBD as already indicated in
German Shepherd Dogs [20].

Similar to findings of TLR4, dogs suffering from CCE showed a
significant upregulation of TLR5 positive cells in the lamina propria
mucosae (lymphocytes, dendritic cells and endothelial cells) in the
colon. Furthermore, TLR5 expression correlated in cells and
epithelium within the intestinal segment in duodenum and colon.
These results point towards a dysregulated expression and may indicate
a pro-inflammatory function of TLR5 in SR and FRD. After therapy,
only the FR group exhibited an upregulated expression of TLR5. Since
the SR group was treated with prednisolone, it is possible that the
gastrointestinal inflammation in these dogs was suppressed through
suppression of proinflammatory transcription factors (for example NF-
кB) [41]. Furthermore, Amsterdam and coworkers pointed out that
steroid hormones can induce apoptosis in hematopoietic cells like
monocytes, macrophages and T-lymphocytes which are involved in
inflammatory processes [42]. In accordance with the literature, our
study suggests a potential influence of glucocorticoids on the
expression of TLR5 by induction of apoptosis in cells belonging to the
innate immune system, but further studies are needed to investigate
this relationship. In Jewish people, the heterozygous carriage of TLR5-
stop, a dominant-negative TLR5 polymorphism, is negatively
associated with Crohn’s disease [43]. In these people, TLR5-stop is
unable to activate NF-κB response to flagellin. However, mice with
complete loss of TLR5 function show a dysregulation of the bacterial
gut flora such as an increased tendency to develop severe
gastrointestinal inflammation [44]. A canine genetic study revealed
one different DNA sequence variation (SNP) in the TLR5 gene
significantly associated with IBD in German Shepard Dogs [20].
Furthermore, they spotted two SNPs in the TLR5 gene to be
significantly protective for IBD. A recently published in vitro and ex
vivo study from the same group indicated a hyper-responsiveness to
flagellin in German shepherd dogs carrying the TLR5 risk-associated
haplotype for canine IBD [45]. Consequently, TLR5 may have pro-
inflammatory, but as well some homeostatic qualities.

Unlike TLR5, TLR9 expression was significantly decreased in cells
and epithelium of the duodenum and colon of dogs suffering from SR
and FR compared to HCD. The epithelium stained significantly weaker
for TLR9 in the FR group before therapy, and in FR and SR group after
therapy compared to HCD. An upregulation of TLR9 on the surface
can lead to inflammation or tolerance in mice. [15] Rose et al. [46]
showed an increased sensitivity to DSS (dextran sulfate sodium)
induced intestinal damage and reduced ability to repair intestinal
injury in TLR9 deficient mice leading to the suggestion that TLR9
plays a key role in homeostatic processes in the intestine. Our group
showed a significantly higher expression of mRNA for TLR9 in
duodenum and colon in SR dogs, [17] but no significant difference
before and after therapy. A recent study revealed as well a higher
expression of TLR9 on mRNA and protein level in rats with TNBS
(2,4,6-trinitrobenzensulfonic acid) induced colitis compared to
controls with severity of colitis correlating with TLR9 expression [47].
Similar to our results, mRNA levels of TLR9 were lower in dogs with
FR compared to healthy control dogs [33]. However, another study
found no difference in expression of mRNA for TLR9 in GSD with IBD

and healthy controls [19]. The divergence of these findings could be
explained by the variety of mechanisms of regulation after expression
of mRNA. Another explanation could be that the biopsies were taken
in a non-inflamed or only mildly inflamed area. The expression of
mRNA as well as protein levels of TLR2 and TLR4 were significantly
increased in the inflamed colonic mucosa of children with IBD
compared to controls, whereas no differences in expression of mRNA
and protein was recognized in biopsies of non-inflamed mucosa [27].

One limitation of this study is that the healthy control group
consisted of Beagle dogs only. It has been shown in several studies that
Beagles may not represent a good control group as they may have
subclinical GI disease despite being clinically healthy. However, other
studies using healthy greyhounds as controls have found similar
mRNA expression levels of TLRs in the duodenum than found in
healthy Beagles [19]. Another limitation of the study is the missing
double staining of TLR-positive cells to better define the cells staining
positive for TLR2, TLR4, TLR5 or TLR9. Possible alteration in the cell
population would be possible to detect before and after therapy.
Furthermore, it may be interesting to state which cells express TLR2, 4,
5 and 9 before and after therapy, as this may give some hints which
kind of cytokine profile is presented and possible may be further
investigated. Uematsu and coworkers [48] found a high expression of
TLR 5 mRNA in CD11c+ lamina propria cells in the intestine of mice.
In addition, they elucidated a flagellin induced stimulation of
proinflammatory cytokines like IL-6 and IL-12 through CD11c+
intestinal lamina propria cells in TLR5+/+ but not in TLR5-/- knock
out mice [48]. Their data suggested that CD11c+ lamina propria cells
induce an innate immune response via TLR 5 by detecting pathogenic
flagellated bacteria. However, Kathrani et al. [49] revealed a significant
decrease of CD11c+ cells (a marker of human and murine dendritic
cells) in the duodenum, ileum and colon of dogs with inflammatory
bowel disease compared to healthy control dogs [49].

In conclusion, this is the first study evaluating protein expression of
TLR2, TLR4, TLR5 and TLR9 in the canine intestine. TLR4 and TLR5
expression measured by immunohistochemistry was found to be
upregulated in inflammatory cells of the lamina propria in the
duodenum of FR (TLR4) and colon in dogs with FR and SR (TLR4 and
TLR5). However, TLR2 and TLR9 expression was downregulated in
lamina propria cells and in the epithelium (TLR9) in dogs with FR and
SR. The downregulation of TLR9 in cells and epithelium seen in CE
compared to healthy dogs points towards the important role that TLR9
also plays in gut homeostasis in mice and men. Possible new
therapeutic approaches to impair TLR4 and TLR5 expression or
induce TLR2 and TLR9 activation with corresponding ligands (e.g,
synthetic lipopeptides or synthetic CpGs, respectively) [38] in dogs
with chronic enteropathies may then become worthwhile.

1Purina LA salmon and rice or Biomill fish and rice, Biomill SA,
Granges-Marnand, Switzerland

2Each liter contains 60g polyethylene glycol (PEG) 4000, 1.46g
sodium chloride, 0.745g potassium chloride, 1.68g sodium bicarbonate
and 5.68g sodium sulfate

3Tris-buffered saline; 60g Trishydroxymethylaminomethan, 4g KCl,
160g NaCl, dilution 1:10 with Aqua dest, pH 7.4

4Biotylinatd mouse anti rabbit IgG, DAKO Kit K5003, DAKO
Schweiz AG, Baar, Switzerland

5Biotin-streptavidin-horseradish-peroxidase, DAKO Kit K5003,
DAKO Schweiz AG, Baar, Switzerland

Citation: Schnyder M, Oevermann A, Doherr MG, Luckschander N, Burgener IA, et al. (2018) Dysregulation of Toll-Like Receptors in Dogs with
Chronic Enteropathies. J Inflamm Bowel Dis Disor 3: 127. doi:10.4172/2476-1958.1000127

Page 7 of 9

J Inflamm Bowel Dis Disor, an open access journal
ISSN:2476-1958

Volume 3 • Issue 1 • 1000127



6Amino-9-ethyl-carbazole (AEC), DAKO Kit K5003, DAKO
Schweiz AG, Baar, Switzerland

7Aquatex® Merck Art. Nr. 1.08562 50 ml for microscopy, Darmstadt,
Germany

8Number Cruncher Statistical Systems (NCSS), Version May 2008,
Kaysville, Utah, USA
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