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The purpose of this study was to measure the thickness of
canine epidermis at various anatomical sites according to
localization of cornified envelopes (involucrin and filaggrin),
keratins (keratin 10, 5), and their mRNA expression. This
was done in the skin of five breeds of dogs including seven
poodles, six golden retrievers, six Shih Tzus, four pugs, and
four Labrador retrievers. Epidermal thickness of the
stratum corneum and nucleated epidermal layer was
significantly different. The greatest thickness was observed
in the digital web area and the thinnest epidermis was in the
axilla. Epidermal thickness was also significantly different
between the breeds (p < 0.05). Immunohistochemical
staining scores revealed significant decreases of involucrin,
filaggrin, and Kkeratin 10 in the ventral and weight-bearing
sites, and a relative increase of keratin 5 (p < 0.05). q-PCR
analysis showed that their the levels of mRNA were positively
correlated with expression of the corresponding proteins in
skin samples (p < 0.05). The present study is the first to
report the relationship between epidermal gene expression
and histologic morphology of the skin in normal dogs.
Further studies will be essential to fully understand the
pathogenesis of skin barrier dysfunctions in canines.
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Introduction

Skin is an essential organ that provides a protective and
defensive barrier against harmful elements from the
external environment such as chemical substances,
microbial pathogens, and physical factors [4,8,25]. A
genetic basis for skin barrier diseases has been widely
postulated as a risk factor for particular skin diseases in
both humans and animals [8,22,29]. The epidermal barrier

is generally composed of stratum corneum (SC) and intact
nucleated epidermal layers that differentiate into
corneocytes of the SC as a first level of the skin barrier.
Various major cross-linked proteins, which are regulated
by specific genes (e.g. involucrin and filaggrin), bind to the
intermediate filament keratin to form cornified envelopes
(CE) [4,25,31]. Genes encoding involucrin and filaggrin
belong to a large group of late cornified envelope genes
associated with skin barrier dysfunctions caused by
inherited genetic defects in SC proteins [2,8,15,22,23,27].
Furthermore, increase expression of these proteins occurs
during barrier repair and also inhibits the differentiation of
CE proteins in some diseases [15]. Disruption of intact
epidermal layers allows progressive dermatological signs,
which candidate epidermal genes potentially associated
with SC-related barrier dysfunctions including skin
dryness, atopic dermatitis, and psoriasis [7,15,27].

In the veterinary medical literature, limited information
about epidermal structure and its protein components is
available. Skin formation in dogs is quite different compared
to humans based on histology findings such as epidermal
thickness, epidermal layering, presence of secretory glands,
and epidermal cell proliferation [32]. Moreover, CE proteins
and keratins are possibly linked to a primary skin barrier
defect in canines [22,23]. There have been a little information
examining the expression of specific CE and keratin proteins
in normal dogs. Thus, the purpose of this study was to
evaluate the histological structure of canine skin. We
performed an immunohistochemical analysis of CE proteins
and keratins in the skin from dogs of different breeds with
various coat types. We also developed a primer set to measure
the mRNA expression of CE proteins in normal dog skin.
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Materials and Methods

Dogs

Twenty-seven freshly necropsied dogs were submitted to
the Pathology unit, Department of Veterinary Pathology,
Faculty of Veterinary Science, Chulalongkorn University
(Thailand). Seven poodles, six golden retrievers, six Shih
Tzus, four pugs, and four Labrador retrievers which were
either euthanized or died naturally within 24 h of analysis
were included in our study. All animal procedures followed
the ethical guidelines established by the Chulalongkorn
University Animal Care and Use Committee (Thailand). The
skin of all dogs in this study appeared clinically normal and
none of the animals had a history of diseases involving skin
structures. Dogs with ectoparasite infestation, skin allergies,
bacterial or yeast infections, hormonal imbalances, or skin
tumors were excluded from this study.

Skin samples

Skin samples (1 x 1 cm) were obtained from each dog in
16 different regions of the body including the ear pinnae
(concave and convex), perioccular, muzzle, axilla, ventral
neck, ventral thorax, lateral thorax, ventral abdomen,
dorsal back, lateral flank, inguinal area, perineum, fore
limb, hind limb, and digital areas. The tissues were then
placed into 10% neutral buffer formalin for 24 h for routine
histopathologic and immunohistochemical examination.
Fresh skin samples were stored in RNAlater solution
(Ambion, USA) at —20°C until analysis.

Histopathology and immunohistochemistry

Skin samples were cut into sections (4 ~5 um thickness),
deparaffinized in xylene, rehydrated in graded ethanol, and
then stained with hematoxylin and eosin (H&E) for routine
histopathologic evaluation. For immunohistochemistry,
sections were stained with a panel of primary antibodies
including rabbit polyclonal antibody against filaggrin
(1:2,000; Abcam, USA), mouse monoclonal antibody
against involucrin (SY5, 1:1,000; Abcam, USA), and mouse
monoclonal antibody against cytokeratin 10 (DE-K10,
1:600; Abcam, USA), and mouse monoclonal antibody
against cytokeratin 5 (XM26, ready to use concentration;
Diagnostic Biosystems, USA). Monoclonal mouse anti-
human Ki-67 antibody (MIB-1; DAKO, Denmark) diluted
1:200 was used to measure epidermal proliferation. For
antigen retrieval step of anti Ki-67 antibody, the slides were
incubated in citrate buffer (0.01 M, pH 6.0) at 95°C for 40
min and for others four antibodies were trypsinized by 1.0%
trypsin for 15 min. Primary antibody binding was detected
by a polymer-based non avidin-biotin system (EnVision;
Dako, Denmark) for immunolabeling and visualized with a
3,3’-diaminobenzidine tetrahydrochloride (DAB) substrate
kit (Zymed Laboratories, UK). Positive and negative
control slides were prepared using normal human and

canine skin with or without antibodies, respectively. The
human skin sample was kindly provided by Department of
Pathology, Faculty of Medicine, Siriraj Hospital, Mahidol
University (Thailand). The reproducibility of these
immunohistochemical procedures was performed prior
study (data not shown).

Epidermal thickness was assessed by measuring total
layers of epidermis, nucleated epidermis, and SC thickness
in individual normal dogs with an image analysis program.
Epidermal thickness was measured in 10 randomly
selected fields in 16 regions of each sample. Evaluation of
positively stained cells to assess protein localization was
performed in the epidermis of clinically normal skin. Ten
microscopic fields (x200) were randomly selected to
evaluate immunostaining for the following proteins in the
epidermis: involucrin, filaggrin, keratin 10, and keratin 5.
The dermis, skin appendages, and blood vessels in the skin
were also viewed but not analyzed. Results of the
immunohistochemical staining were evaluated with an
image analysis program (Image-Pro PLUS 6.0 software;
Vision Machines, USA). Cytoplasmic staining intensity
was divided into four different levels: 0 (negative), 1
(weak), 2 (moderate), and 3 (strong). The proportion of
positive areas along with the staining intensity score
represented the ‘staining score’. The percentage of positive
areas was determined by dividing the area with positive
cytoylasmic staining (;,tmz) by the total epidermal area
(um”). The staining scores were derived from the
summation of the staining intensity scores multiplied by
the percentage of the area stained in each level divided by
100. Epidermal proliferation in each section was measured
by counting the number of keratinocytes positive for Ki-67
in the epidermis of each sample. The average numbers of
positive cells in the epidermis (cells per linear mm of total
epidermal surface length) were determined by using
Image-Pro PLUS 6.0 Programming software (Media
Cybernetics, USA) for image analysis.

RNA extraction from skin

The 1 x 1 cm. of skin samples in RNAlater solution were
extracted by homogenization with Trizol reagent
(Invitrogen, USA) and a phenol/chloroform/isopropyl
alcohol extraction was performed according to the
manufacturer’s instructions. Genomic DNA was
subsequently removed from the RNA with DNase (Ambion,
USA) according to the manufacturer’s instructions. The
DNase-treated RNA was spectrophotometrically analyzed
using a NanoDrop ND-1000 Spectrophotometer V3.7
(Thermo Fisher Scientific, USA) to determine the
concentration and quality of the RNA samples.

Primer design and cDNA synthesis
Transcript sequences of the filaggrin, involucrin, keratin
were obtained from canine genome transcript sequences
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from NCBI (USA) for filaggrin (accession No.
ENSCAFG00000023034), involucrin (accession No.
M34442), keratin 10 (accession No. NM_001013425), and
keratin (accession No. XM 003433511) and then
crosschecked with Ensembl (UK). Primers were designed
using Primer 3 software version 0.4.0 (USA) and then
checked using BLAST analysis for homologies (USA).
Primer pairs were evaluated for dog genome specificity
(CanFam?2.0, May 2005 assembly) in silico using In-Silico
PCR at the University of California Santa Cruz Genome
Bioinformatics Site (USA). The primer sequences, melting
temperatures, and predicted product size are shown in
Table 1.

Reverse transcriptase (RT-PCR)

RNA samples were reversely transcribed into cDNA and
amplified using a SuperScript I1II First-strand synthesis with
Platinum 7aq DNA polmerase (Invitrogen, USA) according
to the manufacturer’s instructions. RT-PCR was performed
with a 96-well GeneAmp Thermal Cycler 9700 (Applied
Biosystems, USA) at 50°C 30 min for cDNA synthesis.
Amplification conditions were as follows: 95°C for 2 min
then 40 cycles of 94°C for 15 sec, 60°C for 30 sec, and 68°C
for 30 sec; and a final elongation at 68°C for 5 min.

Quantitative PCR (q-PCR)

g-PCR assays were performed in triplicate using an ABI
PRISM 7300 SDS (Applied Biosystems, USA) with a
96-well plate format. Each 10 puL reaction contained 1 x
KAPA SYBR Fast qPCR Master Mix Universal (KAPA
Biosystems, USA), 200 nM of each primer, and the 1 pL
cDNA template per reaction. The thermal cycling
conditions were as follows: 95°C for 2 min for one cycle
followed by 40 cycles of annealing at 95°C for 3 sec, of
extension 60°C for 20 sec, and elongation at 72°C for 30
sec. Standard curves were generated using the data for
10-fold serial dilutions of total RNA to confirm that the
efficiency of the assay was between 97% and 110%, and
the R® value was greater than 0.98. Prior to the present
study, a suitable reference gene has been assessed. The

housekeeping gene RPS79, which has been previously
described [3,33], was used to normalize the g-PCR data.

Statistical analysis

Statistical  analyses of epidermal thickness,
immunohistochemical staining, and gene expression data
were performed using GraphPad Prism (ver 5.0; GraphPad
Software, USA). The repeated-measures ANOVA for the
difference between regions and breeds were analyzed and the
significant differences were identified with a Tukey-Kramer
test. Correlation analyses of mRNA and protein levels were
carried out using Pearson’s correlation test. p-values < 0.05
were considered statistically significant.

Results

Skin histology and epidermal thickness

The skin of all different regions was composed of at least
two to four well-defined nucleated epidermal layers. The
canine skin was divided into four layers including the
stratum (s.) basale, s. spinosum, s. granulosum, and
keratinized anucleated epidermis (SC). The dermis
contained a matrix of connective tissue and epidermal
appendages such as hair follicles, sebaceous glands,
apocrine glands, exocrine glands, and a few mononuclear
cells. Thicknesses of the nucleated epidermal layers and
SC in the 27 dogs were significantly different (p < 0.01)
among the various body regions as shown in Fig. 1.
Thickness of the digital web was the highest (mean, 37.23
+0.27 um for the nucleated epidermis and 35.04 = 0.25 um
for SC) while the lowest was in the axilla (mean, 8.76 +
0.69 um for the nucleated epidermis and 6.23 = 0.16 um for
SC). Differences in total epidermal thickness between each
breed were analyzed. The thickest epidermis was observed
in the Labradors and thinnest was in poodles (p < 0.05).
Among the five breeds (Fig. 2), there were significant
differences in thickness of either nucleated or SC between
each breed which SC of Labradors were greater than
poodles and Shih Tzus (p < 0.05) and also their nucleated
epidermal thickness were more greater than poodles, Shih

Table 1. Sequences, annealing temperatures, and predicted PCR product sizes for the reverse transcription PCR primers

Gene Primers Annealing temperature (°C) PCR product size (bp)
Involucrin  Fwd 5’AAA GAA GAG CAG GTG CTG GA 3’ 60 203
Rev 5'TGC TCA CTG GTG TTC TGG AG 3’
Filaggrin  Fwd 5'GAT GAC CCA GAC ACT GCT GA 3’ 60 158
Rev 5'TGG TTT TGC TCT GAT GCT TG 3’
Keratin 10 Fwd 5'TTG AGA CGC ACT GTT CAA GG 3’ 60 168
Rev 5’AGC TCG GAT CTG TTG CAG TT 3’
Keratin 5 Fwd 5’AAC CTC AGG AGA CAG CTG GA 3’ 60 214

Rev 5’"GAG CAT CTA CCT TGG CTT GC 3’
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Fig. 1. Total epidermal thickness according to stratum corneum
(SC) and nucleated epidermal layers (um) from 16 regions in 27
dogs. Solid lines and dash lines indicate significant differences in
SC and nucleated epldermal layer, respectlvely Data are
expressed as the mean = SD (*p < 0.05 and **p < 0.01).
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tzus, and pugs (p < 0.01).

Immunohistochemistry

Immunohistochemical staining of involucrin and
filaggrin to evaluate protein localization is shown in Fig. 3.
Involucrin and filaggrin staining had a strong granular
intracytoplasmic pattern in the whole layer of the nucleated
epidermis. There was high expression in the s. basale and
slightly reduced levels in the upper epidermal layers.
Keratin 10 staining was clearly observed along the
suprabasal layers of normal canine epidermis with strong
staining in the cytoplasm of epidermal cells. Expression of
keratin 5, a basal marker of differentiation, was obviously
revealed in the basal layer of epidermis. The patterns of
involucrin, filaggrin, and keratin immunohistochemical
staining were similar in different skin regions. Image
analysis demonstrated that the staining score for involucrin
was significantly decreased in the inguinal area whereas
filaggrin and keratin 10 levels were reduced in the digital
web. The expression of keratin 5 was significantly
increased in the muzzle and digital web (p < 0.01).
Immunostaining for Ki-67, a marker of proliferative
activity, was confined to the nuclei of nucleated epidermal
cells. Large numbers of positive nuclei were observed in
the basal layer of the muzzle, axilla, inguinal area, and
digital web. No significant difference of Ki-67 between the
breeds was found (p > 0.05). Staining scores for all
antibodies in various regions are shown in Table 2.
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Fig. 2. The average total epidermal thickness of all skin samples in five different breeds of dogs. Solid lines and dash hnes indicate
significant differences in SC and nucleated epidermal layer, respectively. Data are expressed as the mean = SD (*p < 0.05 and **p < 0.01).
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Fig. 3. Immunohistochemical localization of various proteins

expressed in the epidermis of normal dog skin from the

abdominal areas. A: involucrin, B: filaggrin, C: keratin 10, D:

keratin 5. DAB and Meyer’s hematoxylin counterstain, x200.
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RT-PCR and q-PCR analyses of cornified envelope

1n gene expression

As shown in Fig. 4, mRNA expression of cornified

envelope genes and keratins was found in skin samples,
expression levels in all skin samples (p < 0.05). No

collecting from ventral abdomen. Established primer sets
specific for CE and keratin genes were effectively used to
measure mRNA gene expression. RT-PCR analysis (Fig.
5) showed that the mRNA levels of each gene (involucrin,
filaggrin, keratin 10, and keratin 5) corresponded to protein
significant differences between breeds were observed. The

and kerat

mRNA levels of CEs and keratins were positively

correlated to expression of the corresponding protein

[involucrin (= 0.74, p

0.012), filaggrin (» = 0.801, p

0.045)].

0.005), keratin 10 (» = 0.87, p = 0.020), and keratin 5 (»

0.58,p
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Discussion

This study measured the epidermal thickness in the skin
from various regions in normal dogs of several breeds with
different coat types. The SC thickness at the inguinal fold
and the back was significant difference that agreed to Lloyd
and Garthwaite [20]. While, the thickness of nucleated
epidermis was shown significantly difference, in contrast to
previous reports, that there were no significant difference in
the thickness between skin areas and hair coat by measuring
epidermal layers [1] or by areas (mm?) [32] as well as by
direct measurement [20]. However, due to the limitation of
this present study, the small number of sample sizes or dog
breeds might be associated to the skin morphology and
thickness. In the present study, dogs of five different breeds
with various skin coats were examined. Pugs are
categorized as having a short coat and Labrador retrievers
were considered to have medium length coats [17] which
had the thickest epidermis among all the breed with
different coat types studied. Dogs with long coats and no
undercoat include poodles and Shih Tzus, whereas golden
retrievers have long coats with a dense undercoat [17] that
possessed thinner epidermis than the short coat one. As
stated in a previous report, different coat types have
variations in hair follicle cycles and quality [17]. And, the
dogs with long coats and no undercoat rarely shed [10].
Therefore, it is suggested that epidermal thickness in these
dogs might be less affected than in the dogs with shedding
coat more frequently. Areas of skin with thin or lacking hair
are easily exposed or sensitively come into contacted with
the external environment. Subsequently, the epidermal
layer in this skin has adapted by increasing cell
proliferation and the mechanisms underlying canine skin
thickening possibly varies by breed or coat types. Thus,
breeds, coat types and the skin morphology would be the

predisposing causes on skin pathology.

Immunohistochemical staining of the CE proteins,
involucrin and filaggrin in normal dog skin from different
regions was performed in the present study. Filaggrin-
specific staining had a fine granular-like intracytoplasmic
pattern in all nucleated cell in the epidermal layers of all
skin specimens. This corresponds to the results of a
previous study that evaluated filaggrin expression in
normal healthy beagle dogs [23] and also showed that
staining for this protein produces a discrete granular
pattern in all nucleated epidermal layers. The staining
pattern of filaggrin in normal human skin has been
previously reported in the upper granular layers and SC,
and it was found that the arrangement of filaggrin in
humans is different than that in dogs [5,15]. It has also been
found that normal dog skin has less intercellular matrix
than other species, resulting in a thin epidermis with dense
epidermal layers [20]. Therefore, it could be hypothesized
that CE proteins in the dog epidermis would possibly have
biochemical characteristics different from those in other
species.

Involucrin, which is an essential cell envelope component,
formed an unmistakable granular intracytoplasmic pattern
in all nucleated cells of the epidermal layer in normal canine
epidermis. Our finding is in contrast to those of a previous
report that involucrin expression was not detected [18].
Cloning and sequencing of the involucrin gene from beagle
dogs have been previously reported [30]. Antibodies against
human involucrin also cross-react with antigenic epidermal
proteins in dogs [19]. However, the involucrin staining
pattern, we observed in dogs was different from that in
humans as reported in the literature showing that human
involucrin is diffusely distributed in the upper spinous
layers and s. granulosum [15]. Differences in staining
patterns between humans and dogs might be influenced by
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the skin-differentiation process. In addition, staining scores
for both involucrin and filaggrin calculated in the present
study were decreased in some areas, especially the ventral
side and weight-bearing site. From these reasons, the CE
might involve skin barrier defects or alteration of
differentiation at the affected areas.

Many studies have been conducted on increased
transepidermal water loss (TEWL) associated with
decreased ceramide content in cases of canine atopic
dermatitis [26,28]. Analysis of skin samples taken from the
ventral areas (e.g., the inguinal areas and caudal abdomen)
revealed increases in TEWL at these sites along with
reduced levels of epidermal lipids. Similar to findings from
the present study, the levels of CE proteins were also found
to have decreased staining scores at the sites evaluated.
Therefore, it should be noted that reduction of these CE
proteins indicated relatively decreased to the amount of
other CEs involved compartments (e.g., ceramide and the
organization of keratins). There was also evidence of
alteration of these substrates with canine skin barrier
diseases such as atopic dermatitis. Involucrin and filaggrin
functioning during the late stage of skin differentiation
causes aggregation of keratin intermediated filaments and
combination with binding lipids (e.g., ceramides) in the
skin barrier. Configurations of these CE proteins vary with
structure charges, sequence, and amino acid composition
of the components [4,21,25,34]. Thus, involucrin and
filaggrin represent a group of proteins rather than
individual entities. For these reasons, the antibodies that
can react with different epitopes should be created and
specified to filaggrin and involucrin.

Keratin 10 levels were decreased in the digital areas
whereas, a relative increased of keratin 5 presenting in
muzzle, perineum and digital areas. There were
significantly reduced of keratin and related to a dryness skin
in aged humans [7,9]. In dogs, the mutated keratins have
been reported that affected to the inherited keratinizing skin
disease including, epidermolytic hyperkeratosis and
epidermolytic ichthyosis [6,24]. Ki-67 is a proliferative
marker that is responsible for epidermal regeneration in the
basal layer through mitotic figures. The number of
Ki-67-positive epidermal cells increased in areas with
significant difference in staining scores for involucrin,
filaggrin, keratin 10, and keratin 5. Our findings suggest that
these areas have alterations in proteins involved in skin
dryness and formation. Hence, increasing epidermal cell
proliferation will compensate to the structure of skin, and
possibly the alteration of CE proteins and keratins.

The mRNA expression of involucrin, filaggrin, keratin
10, and keratin 5 was examined by RT-PCR. In this study,
g-PCR showed high degrees of sensitivity and accuracy
for measuring the expression of these genes.
Immunohistochemistry has confirmed the PCR results
on the protein level, showing that these methods are similar

to previous dermatological studies [12,13,16]. mRNA levels
and protein expression corresponded in our current study. It
is interesting that alterations of both expression levels were
remarkably changed in some skin regions in our study.
Therefore, we suggest that these areas are possibly
susceptible to specific skin disorders such as canine
allergic skin diseases [11,14]. In conclusion, we
successfully developed primers specific for four genes,
involucrin, filaggrin, keratin 10 and keratin 5, based on
cDNA sequences to measure expression in dog skin. These
sets of primers could be wuseful for quantitative
determination of mRNA and protein levels in further
molecular studies of skin diseases in dogs. This study is the
first report on the relationship of the CE gene expression
and histologic morphology of the skin in normal dog.
Additionally, the epidermal structure, thickness of skin
from dogs of different regions, breeds, and coat types are
suggested to be the predisposing causes on susceptibility of
skin diseases. The obtained results could be useful
informations for the better understanding on pathogenesis
of skin barrier dysfunction such as canine atopic dermatitis
and possibly used as an animal model in human skin
diseases.
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