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Background - Filaggrin is a structural protein that has attracted increasing interest over the past decade for its
role in the pathogenesis of human atopic dermatitis (AD). Null mutations in its sequence are considered risk fac-
tors in the development of AD.

Hypothesis/Objectives — To investigate canine filaggrin mRNA and protein expression in the skin of atopic bea-
gles with experimentally induced AD compared with breed-matched healthy control dogs.

Methods - All dogs were environmentally challenged for 3 days consecutively with allergens to which the ato-
pic dogs had been sensitized. Skin biopsy specimens were taken from six healthy and seven atopic beagles
before and after allergen challenge. Canine filaggrin mRNA was measured using quantitative real-time PCR. Indi-
rect immunofluorescence was used to localize the filaggrin protein in canine skin. Analysis of variance with
Tukey's multiple comparison test (over-time effect) and unpaired Student’s t-test (treatment effect) were used.
Values of P < 0.05 were considered significant.

Results — Analysis of variance showed a significantly higher expression of filaggrin mRNA in atopic dogs com-
pared with healthy control dogs (P = 0.004 on day 3 and P = 0.01 on day 10) and a decreased mRNA expression
on day 3 in healthy control dogs (effect of time, P = 0.006). On blinded evaluation, filaggrin immunofluorescence
was distributed homogeneously in the stratum granulosum and the stratum corneum in healthy dogs. Atopic
dogs showed a patchy immunofluorescence pattern, which was exacerbated after environmental challenge.

Conclusions and clinical importance — Altered epidermal filaggrin mRNA expression and protein distribution

was detected in this experimental model.

Introduction

Atopic dermatitis (AD) is one of the most common allergic
skin diseases in both humans and dogs."? The pathogen-
esis of human AD is very complex and not completely elu-
cidated. The most widely accepted theory (outside—
inside—outside) hypothesizes a primary skin defect as a
major predisposing factor in the development of AD along
with an aberrant immunological response to common
allergens.® This theory is supported by multiple studies
demonstrating an impairment of the skin barrier in atopic
human patients compared with healthy individuals and
increased risk for sensitization when the skin barrier is
defective.*®

In humans, one of the most important predisposing fac-
tors for the disruption of the skin barrier of atopic patients
includes an alteration of the transcription/translation of
the filament-aggregating protein, filaggrin.%” Filaggrin is
one of the most significant proteins involved in the devel-
opment of the cornified envelope and, after its degrada-

Accepted 16 March 2013

Sources of Funding: European Society of Veterinary
Dermatology.

Conflict of Interest: No conflicts of interest have been declared.

© 2013 ESVD and ACVD, Veterinary Dermatology, 24, 329-e73.

tion, participates in the formation of natural moisturizing
factors.® Many genetic studies, analysing different human
populations (e.g. European, Chinese and Afro-American)
have revealed up to 40 different semi-dominant, homozy-
gous or compound heterozygous mutations present in
patients affected by AD.%'° In particular, two null loss-of-
function mutations (R501X and 2282del4) have been iden-
tified, with 2282del4 being the most common." The
R501X and 2282del4 mutations are more common in
patients affected by the extrinsic subtype of AD, in which
allergen-specific IgE levels are increased, confirming that
a barrier defect may lead to higher allergen penetration,
causing a more severe allergic sensitization.'>"® How-
ever, filaggrin is not the only predisposing factor in AD
development; mutations of the filaggrin gene are present
in only 15% of human AD patients and are mainly associ-
ated with the most severe form of AD."*'® One explana-
tion for these differences may be the different
immunological environment present in extrinsic versus
intrinsic AD'®; intrinsic AD is not characterized by a
T helper 2 (Th2)-predominant environment like extrinsic
AD.™® This hypothesis has been supported by a study in
which inhibition of filaggrin production has been observed
in normal keratinocyte cell culture after exposure to Th2,
indicating that a local Th2 environment is able to decrease
the expression of filaggrin, leading to a disruption of the
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skin barrier even in patients without filaggrin gene muta-
tions."®

Animal models represent a valuable tool to help
increase the knowledge of AD."” Experimentally induced
murine models of AD have been used to investigate
immunological and structural alterations in atopic skin.
However, the murine model has several limitations,
including clinical differences and the fact that mice and
human beings do not share the same environment, lead-
ing to different external stimuli. These differences
between the two species lead to the necessity for animal
models similar to human atopic disease. Recently, the
dog has been shown to be a better model for human AD
because of the development of clinical and immunological
alterations similar to the human disease.®'® In addition,
dogs are philogenetically closer to humans than mice and
share the same environment and nutrition."®'® A model
for canine AD has been identified in a colony of high-IgE,
experimentally sensitized atopic beagles able to develop
lesions clinically, histologically and immunohistochemical-
ly similar to naturally occurring canine AD after environ-
mental challenge with house dust mite (HDM).2%2

In dogs, the disruption of the skin barrier, as a predis-
posing factor of AD, has only been hypothesized recently.
Three studies showed a decreased immunohistochemical
staining®??% and mRNA expression?* along with a nonho-
mogeneous distribution of filaggrin protein in canine skin,
suggesting a potential involvement of filaggrin in the path-
ogenesis of canine AD. Chervet et al.?? specifically dem-
onstrated that approximately 20% of dogs with naturally
occurring AD showed a decreased expression of filaggrin
when an antibody directed against the C-terminal portion
of the molecule was used, supporting the usefulness of
dogs as a model for the human disease. Recently, filag-
grin single-nucleotide polymorphisms (SNPs) in specific
canine breeds in both the UK and Thailand have also been
demonstrated. 2526

Canine models able to mimic the clinical, immunologi-
cal and structural alteration of the skin barrier in human
AD may provide a useful tool to investigate the patho-
mechanisms of AD in people further.?"?7-28 Thus, we per-
formed the present study, using a canine model, to gain
more insight into the role of filaggrin in canine AD. In
order to do so, we analysed the mRNA expression of
canine filaggrin in healthy and atopic beagles (lesional and
nonlesional skin) using a quantitative reverse transcrip-
tase PCR (gRT-PCR). In addition, we evaluated its protein
distribution in the epidermis using indirect immunofluo-
rescence (lIF). The use of such a model allowed us to
show increased mMRNA expression of filaggrin in lesional
and nonlesional atopic skin compared with healthy control
dogs. In addition, a nonhomogeneous distribution of filag-
grin protein was seen in atopic skin compared with
healthy control skin. These results confirmed that, as in
human AD, this colony of atopic beagles have an impair-
ment of the skin barrier function associated with altera-
tions in filaggrin production and distribution.

Methods

The study protocol was approved by the Institutional Animal Care
and Use Committee.
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Animals

Atopic dogs

Experimentally sensitized atopic beagle dogs belonging to a colony
that has been validated as a model for canine AD were
used.””2%2! These dogs were sensitized to HDM and show low-
grade AD when not exposed to HDM, but react strongly when
under allergenic challenge. These dogs were also used as control
population in previously published studies on filaggrin expression
and AD.29%°

Normal dogs
Healthy, unrelated beagle dogs with no history of skin disease and
pruritus were included in this study as breed-matched controls.

Housing conditions

The atopic dogs were housed indoors in individual temperature-
and humidity-controlled cement runs (22-24°C; relative humidity of
68-72%). The runs were washed daily using a high-temperature
and high-pressure wash (water and bleach). Air filters were chan-
ged routinely, and stuffed toys, carpets, soft bedding or anything
that could trap dust was not allowed in the runs. MITE-T-Fast™
Allergen Detection System (Aveho Biosciences, Tullahoma, TN,
USA) was used monthly, and between challenges, on walls and fil-
ters to ensure the absence of HDM in the environment. The dogs
were fed a commercial maintenance diet (Hill's Science Diet Adult
Maintenance kibble formulation; Hill's Pet Nutrition Inc., Topeka,
KS, USA).

Likewise, the healthy control beagles were housed indoors, in
individual cement runs, in a temperature- and humidity-controlled
facility (22-24°C; relative humidity of 68-72%). The runs were
cleaned daily using a high-temperature and high-pressure wash
(water and bleach). The dogs were fed a commercial maintenance
diet (Hill's Science Diet Adult Maintenance kibble formulation; Hill's
Pet Nutrition Inc., Topeka, KS, USA).

Acute environmental challenge with HDM

All dogs (AD and control) were challenged for HDM as previously
described."” Briefly, the animals’ intact skin surface was exposed to
50 mg of Dermatophagoides farinae (Greer®, Lenoir, NC, USA)
placed on the bottom of their kennels. All dogs were allowed to stay
in the kennels for 3 h/day, 3 days in a row.

Clinical evaluation

Severity of clinical signs was scored using the canine AD extent
and severity index scoring system (CADESI).®" The CADESI used
in the present study is a modified version of the validated CADE-
SI-03.32 The sites evaluated are the same as for the CADESI-03,
but papules are added as a clinical sign in this modified version.
The other difference between the scoring system used in this
study and the CADESI-03 is that the scores for each sign range
from 0 to 3 rather than from 0 to 5, as done in the CADESI-03.
Briefly, the dog’s body was divided into small sections, each of
which received a score based on the clinical signs evaluated. The
total score was calculated by adding the scores of all clinical signs
and body sites. Clinical signs evaluated included diffuse erythema,
erythematous macules, papules, excoriations and alopecia. The
scoring system ranged from 0 (absent) to 3 (severe) for each site
and each sign. Total score was used in the statistical analysis.
Dogs were scored at baseline [day 0; before allergen exposure
(nonlesional skin)], 3 days after the beginning of the challenge
[day 3; acute lesional skin (only atopic dogs)] and 7 days after dis-
continuation of allergen exposure [day 10; postchallenged skin with
resolution of the cutaneous lesions (only atopic dogs)].

Skin sample collection

One 8 mm skin biopsy punch from either the inguinal or the ventral
thorax area from nonlesional (day 0) and lesional areas (day 3; ery-
thematous maculo-papular dermatitis) was collected following sub-
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cutaneous (s.c.) injection of 1 mL of lidocaine (Lidocaine HCI 2%; Ho-
spira Inc., Lake Forest, IL, USA). The skin biopsy specimen was
immediately divided into two halves. One half was fixed in 10% neu-
tral buffered formalin for IIF evaluation, while the other half was
divided into two quarters, placed in 1.5 mL microfuge tubes and
quickly frozen in liquid nitrogen. These latter samples were stored at
—80°C until being processed for gRT-PCR.

Quantitative real-time PCR

One quarter of the 8 mm skin biopsy specimen was homogenized
using a PowerGen 125 (Fisher Scientific, Pittsburgh, PA, USA) and
then processed into RNA using the AllPrep® RNA/protein kit (Qiagen,
Valencia, CA, USA) reagents, according to the manufacturer’s proto-
col. A 260 nm ultraviolet spectrophotometry and an Agilent 2100
Bioanalyzer (Agilent Biotechnologies Inc., Santa Clara, CA, USA)
were used to determine the total RNA concentrations and its integ-
rity and quality. After DNAse treatment using a Turbo DNA-free™ kit
(Invitrogen, Carlsbad, CA, USA), total RNA (0.5 pg) was converted to
complementary DNA (cDNA) by reverse transcription of mRNA using
the SuperScript First-Strand Synthesis System (Invitrogen). Forward
and reverse primers for filaggrin (Table 1) were generated using Pri-
mer Designer software (Scientific and Educational Software Inc.,
Palo Alto, CA, USA). Each primer was designed to cross an exon—
exon boundary, maximizing the amplification of the mRNA transcript
target and minimizing amplification of any residual contaminating
genomic DNA. The primers were generated from the previously pub-
lished genomic sequence [ENSCAFT00000023034 (now renamed
FLG2 with code ENSCAFT00000049887)]. All primer sequences
were subjected to Basic Local Alignment Search Tool (BLAST;
blast.ncbi.nim.nih.gov/) comparison to the canine genome build 2.0
for unintended homologies. The relative mRNA expression levels
were quantified using a SYBR® Green assay (Qiagen) and ABI
(Applied Biosystems Inc., Foster City, CA, USA) gRT-PCR methodol-
ogy. All samples were performed in triplicate 50 plL reverse transcrip-
tase reactions in an ABI 7500 Real Time PCR System (Applied
Biosystems Inc.). The PCR amplifications were carried out as fol-
lows: 50°C for 2 min; 95°C for 10 min; and 40 cycles of 95°C for 15 s
and 60°C for 60 s. Amplifications were followed by dissociation
(melting) curves to ensure specificity of the primers. In initial tests,
dilution curves were generated for each gene primer set to deter-
mine their amplification efficiencies (Table 1). The results were analy-
sed using the comparative Cr (cycle threshold) method, and the
relative mRNA expression of filaggrin was calculated using the AACr
method. When the efficiency of both the housekeeping gene and the
target gene are similar and close to 100%, the formula to use is

2~ [ACrexperimentalsample—ACr controlsample],

where ACris the difference between the target gene Crand normal-
izer gene C1.%% All samples were normalized against the canine ribo-
somal protein L15 gene (RPLO). This gene was chosen as member
of the ribosomal proteins that showed high stability and consistent
expression in canine skin.**

Antibody preparation

Polyclonal anti-canine-filaggrin antibody was synthesized as previ-
ously described.?® Briefly, the canine anti-filaggrin antibody was pro-
duced based on the genetic sequences previously identified
[ENSCAFT00000023034 (now renamed FLG2 with code EN-
SCAFT00000049887)]. The amino-acid sequence was subjected to
BLAST comparison to the canine genome build 2.0 for unintended

Table 1. Primers used

Filaggrin and canine atopic dermatitis

homologies. Based on the aforementioned genetic and amino-acid
sequences, the most immunogenic epitope (GRRESSVTESSDTEND)
on the C-terminus was chosen, and a synthetic peptide was created.
Antibody production was carried out using one healthy, 3-month-old,
female New Zealand rabbit, 3.4 kg in weight, purchased from Harlan
Laboratories, Inc. (Indianapolis, IN, USA).

The peptide conjugates were mixed with an adjuvant and injected
s.c. into the rabbit. Titermax (Sigma, St Louis, MO, USA) was used
for the primary immunization and incomplete Freund's adjuvant for all
subsequent immunizations. The rabbit was immunized four times,
and its blood was tested for an immune response using an ELISA
technique. The pre-immune serum was used as the negative control.
When a satisfactory immune response (positive up to 1:51,200 dilu-
tion) was achieved, the rabbit was exsanguinated, and the crude
serum was used. The specificity of the anti-canine-filaggrin antibody
was tested by immune-absorption on tissue sections; the antibody
was incubated with a high concentration (20 pg/ul) of the synthetic
peptide overnight at 4°C before being applied to the tissue sections.
In addition, a standard western blotting was also performed to verify
the antibody specificity.

Western blotting

One quarter of the 8 mm skin biopsy specimen was weighed, and
the protein was extracted using the AllPrep® RNA/protein kit (Qia-
gen) according to the manufacturer’s protocol. The protein concen-
tration was determined at 280 nm using the UV NanoDrop1000®
spectrophotometer (Thermo Scientific, Wilmington, DE, USA). Fifty
and 80 pg of total skin proteins were loaded in well numbers 1 and 2
for gel electrophoresis; 80 pg of total skin proteins were loaded in
well number 3 as a negative control, and then a standard western
blot was performed. Briefly, 20 L of total protein extract was loaded
ina 10-well 10% Ready Gel Tris—glycine resolving gel (BioRad, Hercu-
les, CA, USA) and run for 1 h at 100 mA. A polypetide standard (Pre-
cision Plus Protein™ Dual Color Standards; BioRad) was used as the
marker. After electrophoresis, the gel was blotted to a 0.2 um nitro-
cellulose transfer membrane (BioRad) using an electrophoretic trans-
fer cell apparatus (Mini Trans-Blot®; BioRad) for 1 h at 100 mA. The
membranes were blocked with a 3% dry milk in Tris buffer solution
(TBS) for 1 h, then incubated for an additional 60 min with a 1:1000
dilution of anti-canine filaggrin followed by multiple washes with
0.05% Tween-TBS (BioRad). Then, the membranes were incubated
for 1 h with a goat anti-rabbit IgG horseradish peroxidase conjugate
(BioRad) as a secondary antibody at 1:3000 dilution according to the
manufacturer's recommendation, followed by multiple washes with
0.05% Tween-TBS . A final wash was performed with TBS to
remove the excessive secondary antibody not specifically bound to
the membrane. The immunofluorescence signal was graded using a
modified corrected total well fluorescence (CTWF) index previously
described.®® Briefly, CTWF was determined as follows: CTWF = inte-
grated density — (area of selected well x mean fluorescence of back-
ground readings). The relative fluorescence was expressed in
arbitrary units (a.u.).

Indirect immunofluorescence

One half of the 8 mm skin biopsy specimen was fixed in 10% neutral
buffered formalin solution for no more than 48 h, after which it was
placed in phosphate buffer solution (PBS) until processed for IIF.
Briefly, 3 um skin tissue sections were processed using the immuno-
histochemical polymer procedure. The sections were blocked using a
casein solution (Power Block®; BioGenex, San Ramon, CA, USA). A
second blocking step was add using normal goat serum (BioGenex,

Canine gene Primer sequences

Efficiency (%) Amplicon length (bp)

Canine filaggrin

Forward: CTCAGCACAAGGAAGACAGG 110 105

Reverse: TTGTGTTCTGGTGGCTTGTC

Canine ribosomal protein L15 gene

Forward: TTGTGGCTGCTGCTCCTGTG 101 107

Reverse: ATCCTCGTCCGATTCCTCCG

© 2013 ESVD and ACVD, Veterinary Dermatology, 24, 329-e73.
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San Ramon, CA, USA). The sections were then stained for 1 h at
room temperature using primary polyclonal rabbit antibodies specific
for canine filaggrin. The primary antibodies were used at a dilution of
1:200. The pre-immune serum at 1:200 dilution was used as a nega-
tive control. The sections were washed with a blocking solution
(Power Block®) and then incubated for 30 min at room temperature
with a polyclonal goat anti-rabbit antibody bound with a green fluoro-
chrome (Alexa Fluor® 488; Invitrogen) at a 1:1000 dilution, according
to the manufacturer's recommendations. Finally, the sections were
counterstained using 4',6-diamidino-2-phenylindole (DAPI; Invitrogen)
for nuclear detection. Specimens were mounted on glass slides
using Vectashield® Mounting Medium (Vector Laboratories, Burlin-
game, CA, USA).

The skin sections were examined using an inverted fluorescence
microscope (Nikon Eclipse TE 2000-S®; Nikon Inc., Shelton, CT,
USA). The images were analysed using MetaMorph® software (Ver-
sion 63r1; Molecular Devices, Sunnyvale, CA, USA). Five representa-
tive fields from each tissue section were examined at x400
magnification and digital images collected. The intensity of the immu-
nofluorescence signal was graded using a computer imaging pro-
gram (ImageJ® 1.41; http://rsb.info.nih.gov/ij). The stratum granu-
losum and stratum corneum were traced, and a modified corrected
total cell fluorescence (CTCF) index was determined as previously
described.®® Corrected total cell fluorescence was determined as fol-
lows: CTCF = integrated density — (area of selected cells x mean flu-
orescence of background readings). The relative fluorescence was
expressed in a.u.

Statistical analysis

The Kolmogorov—Smirnov test of normality was used (o = 0.05).
Mean values and 95% confidence intervals were calculated for all
results. Differences between ACr (Cr filaggrin — C+ RPLO) at each
time point (between groups) were compared using Student's
unpaired t-test. Differences between ACt over time (within group)
were compared using repeated measurement ANOVA. Tukey's mul-
tiple comparison test was used for post hoc testing. Values of
P < 0.05 were considered significant. Statistical analysis was per-
formed using SAS® statistical software version 9.2 (SAS® Institute
Inc., Cary, NC, USA).

Results

Animals

Seven 4-year-old atopic beagle dogs (three males, four
females) and six 4- to 6-year-old clinically healthy female
beagle dogs were used.

Clinical scores

For the clinical score, the ANOVA showed a significant
effect between the time points (P = 0.0118). In particular,
the Tukey's multiple comparison test detected a differ-
ence between day 0 and day 3 (P = 0.03) and between
day 3 and day 10 (P = 0.007); however, no difference
was detected between day 0 and day 10 (P = 0.7; Fig-
ure 1).

Expression of mRNA

Quantitative real-time PCR was used to compare filaggrin
expression between healthy dogs and dogs with AD.
When the FLG mRNA expression measured within each
group at various time points (day O versus day 3, day O
versus day 10, and day 3 versus day 10) was evaluated,
ANOVA showed a significant effect of time only in the
control group, with a decreased mRNA expression on
day 3 (P=0.006) and on day 10 (P = 0.02) compared
with day 0 (Figure 2b). When mRNA expression of filag-
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Figure 1. Average of the modified CADESI-03 (mnCADESI-03) score
before, during and after environmental challenge. (*P < 0.05; bars
represent SEM). Day 0, before allergen exposure; day 3, acute le-
sional skin; and day 10, postchallenged skin with resolution of the
cutaneous lesions.
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Figure 2. Relative mRNA expression between normal age- and
breed-matched healthy and atopic beagles for FLG; at each time
point (a) and over time within each group (b). *P < 0.05,
**P < 0.01; bars represent SEM). Day 0, before allergen exposure;
day 3, acute lesional skin; and day 10, postchallenged skin with reso-
lution of the cutaneous lesions.

grin was compared at each time point, between the two
groups (healthy versus AD), a statistically significant
higher expression of filaggrin was found in atopic dogs on
day 3 and day 10 (P = 0.004 and P = 0.01, respectively),
but not on day 0 (P = 0.2). In particular, filaggrin mRNA
expression was 1.5-, 5.7- and 3.9-fold higher in atopic
beagles than in healthy dogs on days 0, 3 and 10, respec-
tively (Figure 2a).

Indirect immunofluorescence

Indirect immunofluorescence was used to analyse the
distribution and to assess semi-quantitatively the amount
of filaggrin in the skin of healthy and atopic beagles. In
the subjective blinded assessment of the distribution pat-
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tern, as expected, filaggrin immunofluorescence was
detectable only in the stratum granulosum and deeper
stratum corneum in all dogs. When the distribution of fil-
aggrin in healthy beagles was compared with the distribu-
tion in atopic beagles, a different pattern of distribution
was detected (Figure 3). More specifically, in healthy con-
trol dogs, a more continuous and laminar distribution of
the fluorescence was detected at each time point,
whereas in atopic dogs a more patchy distribution of filag-
grin immunofluorescence was seen, with complete lack
of the immunofluorescence in some areas. In acute le-
sional skin (day 3) of atopic dogs, the filaggrin immunoflu-
orescence had the highest degree of discontinuity
compared with nonlesional skin (day 0) or atopic skin
after resolution of the skin lesions (day 10; Figure 3).
When the fluorescence intensity was analysed objec-
tively using ImageJ® 1.41, no significant difference in sig-
nal intensity was seen in atopic dogs compared with
healthy control dogs (data not shown).

Western blotting

The western blotting revealed a single band with a size of
~54 kDa showing a high specificity of the anti-canine-fil-
aggrin antibodies. Relative differences in filaggrin inten-
sity were present between well numbers 1 (10 a.u.) and
2 (17 a.u.), as expected (Figure 4).

Discussion

In this study, an increased mRNA expression of canine fil-
aggrin in the skin of atopic beagle dogs when compared
with healthy control dogs was found on days 3 and 10 but
not on day O (Figure 2a). The results of our study are dif-

Day 0 Day 3 Day 10 Negative

Figure 3. Photomicrographs of canine skin showing indirect immu-
nofluorescence of canine filaggrin. The immunofluorescence signal is
detectable only in the stratum granulosum and lower stratum corne-
um. A more continuous, laminar and homogeneous distribution of
the fluorescence is seen in healthy dogs, compared with a patchy
and discontinuous pattern seen in atopic dogs at each time point.
The pictures are representative of all samples. Day 0, before allergen
exposure; day 3, acute lesional skin; and day 10, postchallenged skin
with resolution of the cutaneous lesions. Magnification, x400.

Healthy

Atopic

1 2 3

o of . 50 kDa
| — -L I

Figure 4. Western blotting analysis of the polyclonal anti-canine fil-
aggrin antibody tested on nonatopic canine skin extract. Lane 1 con-
tains 50 pg of protein extract; lane 2 contains 80 ug of protein
extract; and lane 3 contains 80 ug of protein extract and was used as
negative control (no primary antibody).
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ferent from what is reported in humans, where a
decreased mRNA and protein expression of filaggrin has
been seen in AD patients.®'%%® |n contrast, the results of
this study are in agreement with those of others who
evaluated mRNA expression in dogs and reported an
increased mMRNA expression of filaggrin and some kera-
tins (keratin-1, -2e, -5, -14 and -17) and involucrin in lesion-
al and nonlesional skin of atopic dogs.>®

In addition, when we compared the filaggrin mRNA and
protein expression, we noted that the significant increase
in filaggrin mMRNA level in atopic dogs is not accompanied
by increase in filaggrin protein expression, suggesting an
increase in protein degradation or a post-transcriptional
alteration. Decreased?%2® or invariant protein expression
of filaggrin in atopic dogs may be due to an increased deg-
radation rather than a decreased synthesis. It has been
reported that canine atopic skin has increased degrada-
tion of ceramides®”2° due to increased enzymatic activ-
ity. The same may be true for increased degradation of
proteins, such as filaggrin, explaining why most studies in
atopic dogs have failed to identify a genetic mutation in
the filaggrin gene.?#?® It is also known that an increased
cutaneous pH in atopic skin induces an increase in the
activity of proteases,’ which may result in excessive deg-
radation of proteins, including filaggrin. Another explana-
tion could be the increased activity of anti-proteases,
which does not allow the degradation of profilaggrin into
filaggrin monomers, as recently reported in people with
AD.* Unfortunately, the authors did not report the mRNA
expression levels to confirm an increase in filaggrin
mRNA expression as well.*° A third possible explanation
for an increased transcription of filaggrin without an
increase in protein translation in the affected tissue could
indicate a defect in the translation machinery (e.g. transla-
tional efficiency and/or a post-translational dysregulation)
leading to increased protein instability followed by
increased protein degradation. In this case, the increased
mRNA expression could be due to a ‘feedback mecha-
nism’, in which the keratinocyte would increase the tran-
scription signal in an attempt to compensate for the lack
of protein expression. Genetic mutations (SNPs) in the fil-
aggrin gene and their association with canine AD are still
controversial. Two studies?®?® have identified SNPs not
confirmed by others.2**"42 |n the former studies,?®2° an
association between SNPs, breed and geographical loca-
tion has been suggested; three SNPs associated with
canine AD have been identified in Labrador retrievers in
the UK and small-breed dogs (toy poodles, shih tzus and
pugs) in Thailand.25-28

The experimental model for canine AD has many
advantages. One of these is the potential to monitor filag-
grin mRNA expression in lesional and nonlesional skin
over time in AD. The present study showed a decrease in
filaggrin mRNA expression in healthy and atopic beagles
after exposure to HDM (day 3) followed by a slow trend
towards a normalization of the filaggrin mRNA expression
after resolution of cutaneous lesions (day 10); however,
the decreased expression was significant only in control
beagles. Healthy beagles were exposed to HDM in a simi-
lar manner, in order to reduce the variability due to the
mite treatment; however, a greater decrease in filaggrin
mMRNA expression in healthy beagles, after exposure to
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HDM, could lead to the question of whether the
increased expression in atopic skin is real or due to the
relative decrease in filaggrin mRNA expression in healthy
skin. Unfortunately, due to the nature of the technique
used in the present study (relative quantitative PCR) we
cannot answer this question, and more studies, using an
absolute quantitative technique, are needed.

In terms of the protein expression, using IIF, a patchier
distribution of the signal was detected in the lesional skin
(day 3) of atopic dogs when compared with healthy con-
trol animals after HDM exposure (day 3). In addition, a
patchier distribution of filaggrin expression was also seen
in the atopic dogs when day 3 was compared with days O
and 10. These results may suggest that the allergen expo-
sure can alter filaggrin protein expression in both healthy
and atopic beagles, as suggested in human
patients.'®#344 |n particular, when the skin of healthy or
atopic patients is disrupted, experimentally or naturally,
an alteration of filaggrin mRNA and protein, as well as
other proteins, occurs.'®%*4* This phenomenon is due
not only to the mechanical disruption of the skin barrier
resulting from increased activity of exogenous and endog-
enous proteases, including caspase 14, but also to the
interaction between proteases and Th2 cytokines.64344

Furthermore, a decrease in filaggrin mRNA levels over
time seen in healthy dogs is most probably due to a skin
barrier disruption induced by exposure to HDM prote-
ases. It has been reported recently that a marked
decrease in filaggrin gene expression is present in healthy
human skin after artificial barrier disruption using sodium
lauryl sulfate, followed by an increase in mRNA levels 4
and 7 days postexposure.*® However, once the stimulus
was eliminated and resolution of clinical lesions achieved,
a partial recovery was found of both filaggrin mRNA and
protein expression. Filaggrin expression is affected by
cytokines, as demonstrated by in vitro studies using nor-
mal human keratinocyte cell cultures and showing
decreased filaggrin expression after exposure to Th2
cytokines, such as interleukin-4, interleukin-13 and inter-
leukin-22492: these cytokines are highly expressed in
acute lesional skin of both human and canine atopic
patients. 31546

Examination of filaggrin protein distribution shows
some distinct differences between humans and dogs.
While only decreased signal intensity has been reported
in atopic humans,*” different patterns of distribution have
been reported in canine skin. Chervet et al.?? analysed
the immunofluorescence signal in the skin of 18 naturally
affected atopic dogs (various breeds) and 16 healthy dogs
(various breeds), using an anti-canine-filaggrin polyclonal
antibody against the C-terminus and showed four differ-
ent patterns of distribution. The filaggrin signal was simi-
lar to that of healthy control dogs (three of 18) or visibly
decreased (seven of 18) or visibly decreased with a more
granular and discontinuous distribution and large aberrant
cytoplasmic vesicles (four of 18) or with a complete lack
of immunofluorescence signal (four of 18).%> Compared
with this study, our results showed a similarity with the
third pattern; a discontinuous distribution of filaggrin
staining. In addition, in our study a visible alteration of the
filaggrin distribution associated with areas of complete
loss of the immunofluorescence was mainly visible after
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allergen exposure (day 3). The altered immunofluores-
cence signal was followed by an amelioration of the distri-
bution after clinical resolution of the cutaneous lesions
(day 10), suggesting an increase in protein stability.*®

Very recently, a new gene belonging to the filaggrin
family, filaggrin-2, has been identified in human and mur-
ine skin.*%° This gene shares many similarities in geno-
mic sequence as well as protein distribution with
filaggrin, and its involvement in skin barrier alterations has
been hypothesized.®® In dogs, an updated version of
the canine database and its comparison with the human
database suggested that the previously identified
canine filaggrin gene, reported in this and in previous
studies,?224-26:36:41.4281 {5 more similar to human filag-
grin 2 than to the human filaggrin gene. However, given
that little information on the human and murine filaggrin 2
genes has been published, and given that all the veteri-
nary literature on filaggrin has been based on the same
gene, we preferred to use the name ‘filaggrin’ rather than
filaggrin 2 for the gene/protein studied here.

In summary, this study demonstrated that, as it is in
people, filaggrin expression is altered in the skin of atopic
dogs. Based on our results, the action of HDM may play a
fundamental role in the skin barrier defect in canine AD.
In fact, increased protein degradation may lead to an
increase in filaggrin gene expression due to a feedback
mechanism. More studies are necessary in order to
understand better the possible transcriptional/transla-
tional alterations present in atopic dogs and to investigate
the presence of germline filaggrin mutations and their
relation with canine AD. Finally, we confirmed that canine
filaggrin is characterized by a ~b4 kDa protein identified
by western blotting, confirming that canine filaggrin
repeats are larger than its human counterpart.®’
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Résumé

Contexte - La filaggrine est une protéine de structure qui a présenté un intérét croissant au cours de la
derniére décennie pour son role dans la pathogénie de la dermatite atopique humaine (AD). Les mutations
nulles dans sa séguence sont considérées comme des facteurs de risque du développement de I'AD.
Hypotheses/Objectifs — Etudier 'ARNm de la filaggrine canine et I'expression protéique dans la peau de
beagles atopiques avec AD expérimentalement induite comparée avec des chiens croisés sains controles.
Méthodes - Tous les chiens ont été testés pendant 3 jours consécutifs avec des allergénes auxquels les
chiens atopiques étaient sensibilisés. Des biopsies cutanées ont été prélevées sur six chiens sains et sept
beagles atopiques avant et apres la provocation allergénique. L'’ARNm de filaggrine canine a été mesurée
par PCR quantitative en temps réel. L'immunofluorescence indirecte a été utilisée pour localiser les
protéines de filaggrine dans la peau canine. L'analyse de variance avec test de comparaison multiple de
Turkey (effet temps) et test-t de Student non-apparié (effet traitement) ont été utilisés. Les valeurs de
P < 0.05 étaient considérés significatives.

Résultats - 'analyse de la variance montre une expression significativement plus importante d’ARNm de
filaggrine chez les chiens atopiques comparé aux chiens controles sains (P = 0.004 a jour 3 et P=0.01 a
jour 10) et une expression diminuée d’ARNm a jour 3 chez les chiens controles sains (effet temps,
P = 0.006). A I'évaluation en aveugle, I'immunofluorescence de filaggrine était distribuée de fagon homo-
gene dans le stratum granulosum et le stratum corneum chez les chiens sains. Les chiens atopiques
présentaient une distribution immunofluorescente inégale qui était accentuée aprés provocation environn-
ementale.

Conclusions et importance clinique — Une expression épidermique d’ARNm et de distribution protéique
de filaggrine altérées ont été mises en évidence dans ce modele expérimental.

Resumen

Introduccion - La filagrina es una proteina estructural que ha atraido un interés creciente en la ultima
década dado su papel en la patogenia de la dermatitis atépica humana (AD). Mutaciones nulas en su secu-
encia son considerados factores de riesgo en el desarrollo de AD.

Hipotesis/objetivos - Investigar la expresion de mRNA y de proteina filagrina en la piel de perros Beagle
atépicos con AD inducida de forma experimental y compararla con perros control sanos de la misma raza y
similares.

Métodos - Todos los perros fueron expuestos en su ambiente durantes tres dias a alergenos frente a los
cuales los animales habian sido sensibilizados. Se tomaron muestras de piel de seis perros sanos y siete
perros atopicos antes y tras la exposicion al alergeno. Se midié el mMRNA de filagrina canina mediante PCR
cuantitativa a tiempo real. Se utilizé6 inmunofluorescencia indirecta para localizar la proteina filagrina en la
piel de perro. El andlisis estadistico se llevé a cabo mediante el andlisis de varianza con la prueba de compa-
raciones multiples de Tukey's (efecto a lo largo del tiempo) y la prueba no pareada t de Student (efecto del
tratamiento). Valores de P < 0,05 se consideraron significativos.

Resultados — El anélisis de varianza demostré una expresién significativamente mayor de mRNA de filagri-
na en perros atopicos comparada con los perros control (P = 0.004 al dia 3y P = 0.01 al dia 10) y una ex-
presion menor de mMRNA al dia tres en perros control sanos (efecto a lo largo del tiempo, P = 0.006). En
evaluacion ciega, la inmunofluorescencia de filagrina estaba distribuida de forma homogénea en los estrato
granuloso y corneo en perros sanos. Los perros atdpicos mostraron una tincién discontinua que se exac-
erbé tras la exposicion al alergeno.

Conclusiones e importancia clinica - En este modelo experimental se observaron expresién anormal de
mRNA de filagrina y distribucién alterada de la proteina.

Zusammenfassung

Hintergrund - Filaggrin ist ein bauliches Protein, welches in den letzten zehn Jahren aufgrund seiner Rolle
bei der Pathogenese der atopischen Dermatitis (AD) des Menschen ein zunehmendes Interesse erfahren
hat. Nullmutationen in seiner Sequenz werden als Risikofaktoren bei der Entwicklung von AD betrachtet.
Hypothese /Ziele — Eine Untersuchung der mRNA und der Proteinexprimierung des caninen Filaggrin in
der Haut atopischer Beagles mit experimentell induzierter AD im Vergleich zu Rasse-gleichen gesunden
Kontrollhunden.
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Methoden - Alle Hunde wurden an 3 aufeinander folgenden Tagen mit Allergenen, gegen die sie sensibil-
isiert worden waren, einer Provokation in der Umwelt ausgesetzt. Hautbiopsieproben wurden von sechs
gesunden und sieben atopischen Beagles vor und nach der Allergenprovokation genommen. Die canine
mRNA wurde mittels quantitativem real-time PCR gemessen. Die indirekte Immunfluoreszenz wurde ver-
wendet, um das Filaggrinprotein in der Hundehaut zu lokalisieren. Eine Varianzanalyse mit Tukey multiple
Vergleichstest (Auswirkung der Zeit) und ein ungepaarter Student t-Test (Auswirkung der Behandlung)
wurde eingesetzt. Werte von P < 0,05 wurden als signifikant angesehen.

Ergebnisse — Die Varianzanalyse zeigte bei den atopischen Hunden eine signifikant hohere mRNA Filaggr-
inexprimierung als bei den gesunden Kontrollhunden (P = 0.004 am Tag 3 und P = 0.01 am Tag 10) und
eine verminderte mRNA Exprimierung am Tag 3 bei den gesunden Hunden (Auswirkung der Zeit,
P = 0.006).Bei blinder Evaluierung war die Filaggrin Immunfluoreszenz im Stratum granulosum und im
Stratum corneum bei gesunden Hunden homogen verteilt. Die atopischen Hunde zeigten ein fleckiges Im-
munfluoreszenzmuster, welches sich nach Umweltprovokation verstarkte.

Schlussfolgerungen und klinische Bedeutung - In diesem experimentellen Modell wurde eine veran-
derte Filaggrin mRNA Exprimierung und Proteinverteilung festgestellt.
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