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Background - Vascular endothelial growth factor (VEGF) is a cytokine involved primarily in angiogenesis. In
human atopic dermatitis (AD), VEGF has been detected in the stratum corneum and blood.

Objective — To evaluate VEGF-A expression in the serum and stratum corneum of healthy and atopic dogs, and
its possible correlation with disease severity in atopic dogs.

Animal - Fifteen atopic and 15 healthy, privately owned dogs.

Methods and materials - The severity of clinical signs associated with AD was evaluated with the Canine Ato-
pic Dermatitis Extent and Severity Index (CADESI-04). For all dogs, a single blood sample was performed and
serum collected. Tape stripping (15 times) was performed on the left periocular area (lesional skin). A commer-
cially available canine-specific VEGF-A enzyme-linked immunosorbent assay was performed with all samples.

Results - Vascular endothelial growth factor-A was undetectable in the serum. In the stratum corneum, there
was no significant difference in VEGF-A concentrations between healthy (mean 89.4 + 59.5 pg/ml) and atopic
dogs (mean 100.3 4+ 77.1pg/ml) (P = 0.71). There was no correlation between stratum corneum VEGF-A concen-
trations and CADESI-04 scores.

Conclusions and clinical importance — The role of VEGF in canine AD is unclear. Because of many variants,
VEGF-C and VEGF-D or VEGF-A isotopes should be explored in the skin to better evaluate the role of VEGF in
canine atopy. Full-thickness skin biopsy, molecular biology and histopathological investigation may be necessary

to further assess cutaneous VEGF expression.

Introduction

Canine atopic dermatitis (CAD) is a common chronic pru-
ritic skin disease in dogs which can be difficult to man-
age.! Studies identifying key cytokines involved in AD
have been critical in gaining a better understanding of its
pathogenesis.? There has been growing interest in the
role of vascular endothelial growth factor-A (VEGF-A) in
chronic inflammatory human skin diseases, including
AD.®”7 Studies have concentrated on the pro-inflamma-
tory action of VEGF and its ability to increase erythema,®
leucocyte trafficking and extravasation,® and endothelial
adhesion molecules on cutaneous blood vessels.® Fur-
thermore, VEGF-A has been regarded as an important
cytokine involved in angiogenesis, vascular permeability,
wound healing and tumour development.'®'? Histori-
cally, it has been thought that VEGF-A is synthesized and
released  primarily  from  endothelial cells and
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fibroblasts.'®"® However, epithelial cells, especially ker-
atinocytes, in humans,' mice'® and dogs'® have been
associated with VEGF-A secretion. Furthermore, pro-in-
flammatory cytokines have been shown to induce release
of VEGF from human keratinocytes [interleukin (IL)-1, IL-6
and interferon (IFN)-y]* and mast cells (IL-9).°

In humans, VEGF-A has been shown to be increased
markedly in the serum® and lesional stratum corneum of
atopic patients.>” A significant increase in VEGF protein
expression was seen in the serum of atopic patients and
stratum corneum of lesional atopic skin compared with
healthy and nonlesional atopic skin.® However, there was
no difference between VEGF concentrations in the stra-
tum corneum of nonlesional atopic skin compared with
healthy control skin.® A positive correlation was reported
between the severity of atopic lesions and protein expres-
sion of VEGF-A in the plasma,’” serum® and in the stratum
corneum of lesional skin.®” In dogs, although VEGF-A has
been identified in healthy canine epidermis,'® there have
been no published studies analyzing the presence and role
of VEGF-A in canine inflammatory skin diseases.

The aims of this study were: (i) to evaluate the pres-
ence of VEGF-A in the stratum corneum of healthy and
lesional skin of atopic dogs; (ii) to evaluate the presence
of VEGF-A in the serum of healthy and atopic dogs; and
(iii) to determine if there is a correlation between VEGF-A
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concentrations (serum and/or stratum corneum) and the
severity of clinical signs in atopic dogs.

Methods and materials

Animal welfare documentation

All dogs were recruited at the authors’ institution with approval from
the Institutional Animal Care and Use Committee (IACUC)
#201710104 and a signed owner consent form approved by the
Veterinary Hospital Research Review Committee (VHRRC # 2018-
008).

Study population

Naturally affected atopic and healthy, privately owned dogs were
enrolled in the study. Dogs were between 1 and 10 years old and
weighed >5 kg. At the time of enrolment, healthy dogs had no his-
tory or signs of skin disease and were clinically normal. In the atopic
group, cAD was diagnosed based on published guidelines'® and dogs
had seasonal signs of pruritus or underwent a diet trial for at least
eight weeks without improvement. All dogs received monthly flea
prevention and had negative skin scrapes for both sarcoptic and
demodectic mange.

Exclusion criteria

Pregnant and lactating dogs were excluded from the study. Dogs
with clinical evidence or a history of malignant neoplasia, metabolic/
endocrine disease, parasite infestation or contact or food allergy
were excluded. Dogs with active bacterial/yeast infections diagnosed
according to guidelines were excluded and treated with antimicrobial
medication(s). All dogs followed drug withdrawal periods for oral and
topical antibiotics and antifungal medications (four weeks), corticos-
teroids (12 weeks for long-acting injectable, four weeks for oral,
three weeks for topical), antihistamines (two weeks), ciclosporin
(four weeks), lokivetmab (eight weeks) and oclacitinib (one week).
Dogs receiving allergen-specific immunotherapy for less than one
year before enrolment also were excluded from the study.

Clinical assessment

The severity of the clinical signs was scored for 20 body sites using
the CADESI-4 system.?® The skin lesions (erythema, lichenification
and excoriation/alopecia) were scored on a scale between 0 and 3
(0, none; 1, mild; 2, moderate; 3, severe) with a maximum score
of 180.

Stratum corneum sampling

Stratum corneum samples were collected using a tape-stripping
technique as described previously.” Briefly, the hair was parted and
the stratum corneum was sampled using adhesive tape (Scotch®
Tape, 3M;St Paul, MN, USA) gently pressed directly onto the skin 15
consecutive times using the same tape. The anatomical site chosen
for sampling in both healthy and atopic dogs was the left periocular
area, as representative of a commonly affected area in AD."® For
each dog, two tape samples were collected and stored at —80°C until
use. Before storage, each tape was trimmed to 1 x 1 cm. A single
piece of unused 1 x 1 cm tape was used as a control.

Stratum corneum protein extraction

Stratum corneum extracts were obtained using methods described
previously.” Briefly, each tape was immersed in 1 mL of n-hexane for
1 min, then placed in a conical vial containing T mL of extraction buf-
fer (0.1 M Tris-HCL pH 8, 0.14 M NaCl, 0.1% Tween-20). The conical
vial containing the tape and extraction buffer was placed on a gentle
rocker for 30 min and subsequently centrifuged three times at 92g
for 10 min at room temperature. The tape was removed after the
first centrifugation. Between each centrifugation, the supernatant
was discarded and a pellet was obtained and resuspended. After
three washes, the final pellet was resuspended and the resulting
supernatant was obtained and used for VEGF-A and total protein

quantification. The amount of total proteins in each sample was mea-
sured using a commercial bovine serum albumin (BSA) protein assay
kit (Pierce™ BCA Protein Assay Kit, Thermo Scientific, Rockford, IL,
USA) following the manufacturer’s instructions.

Serum collection

Six millilitres of venous whole blood was collected from each dog via
jugular venipuncture, placed in a serum separator tube and allowed
to clot for 2 h at 4°C, and then centrifuged at 4°C for 20 min at
2,000g. The serum was removed and placed in a fresh tube and
stored at —80°C until analysis.

Vascular endothelial growth factor-A ELISA

The amount of VEGF-A in the stratum corneum extracts and in the
serum was measured with a commercially available enzyme-linked
immunosorbent assay (ELISA) specific for canine VEGF-A isoform
164 (RayBio®©, Inc.; Norcross, GA, USA) (detection limit 6 pg/mL) fol-
lowing the manufacturers’ instructions (ELC-VEGF-2). The ELISA
was validated using canine plasma, serum and cell culture super-
natants by the manufacturer. Each sample was run in duplicate and
the mean was extrapolated and analyzed statistically for each group.
Total protein and VEGF-A concentrations were analyzed by Cytation1
(BioTek; Winooski, VT, USA). To allow for standardization for differ-
ences in amount of protein extracted between dogs, VEGF-A concen-
trations were calculated as absolute numbers (expressed as pg/mL),
and, after normalization, expressed as percentages of the total pro-
tein in each sample.

Statistical analysis

Based on a previous study in human patients,” the mean and stan-
dard deviation were obtained and a minimum number of 14 dogs
was extrapolated for the study (alpha = 0.05; power = 0.8). Thus, a
total of 15 dogs per group were elected for this study. Data collection
was tested for normality using the Kolmogorov—Smirnov test (al-
pha = 0.05). Population characteristics (age, sex and weight) were
compared between the two groups using unpaired Student’s t-test
(age and weight) and Fischer exact test (sex). The amount of serum
and stratum corneum VEGF-A between healthy and atopic dogs was
compared using the Wilcoxon-Mann-Whitney U-test. The correlation
between CADESI-04 and VEGF-A concentrations was tested using
the Spearman correlation test and a correlation matrix was extrapo-
lated; P-values <0.05 were considered significant. GraphPad Prism 6
software (GraphPad Software Inc.; La Jolla, CA, USA) was used to
compare all statistical data.

Results

Canine population

Healthy dogs included eight spayed female, six neutered
male and an intact male. Healthy dogs were
5 + 2.5 (mean =+ standard deviation) years old and
weighed 25.8 + 13.6 kg. Healthy dog breeds included
mixed breed dog (n = 4), German shepherd dog (n = 3),
golden retriever (n = 2), whippet (n = 1), Welsh corgi
(n = 1), Boxer (n = 1), shih tzu (n = 1), cane corso (n = 1)
and American Staffordshire terrier (n = 1). Atopic dogs
included eight spayed female, five neutered male and
two male intact dogs. Atopic dogs were 6.8 + 2.4 years
old and weighed 28.6 + 11.8 kg, with a mean CADESI-
04 score of 31.1 & 12.1. Atopic dog breeds included
mixed breed dogs (n = 3), Labrador retriever (n = 3),
Boxer (n = 2), West Highland white terrier (n = 2), Ameri-
can Staffordshire terrier (n = 2), cocker spaniel (n = 1),
German shepherd dog (n=1) and golden retriever
(n = 1). There were no differences in sex, age and weight
between the two groups (P > 0.05).
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Protein and VEGF-A in the stratum corneum
Concentrations of VEGF-A were detected in the stratum
corneum of healthy (mean 89.4 + 59.5 pg/mL) and atopic
dogs (mean 100.3 &+ 77.1 pg/mL). A significant differ-
ence between the two groups was not present (P = 0.71)
(Figure 1). In order to account for the variation in protein
isolation in the different dogs, the total protein expression
was measured via the BSA protein assay. The protein
amount equivalent extracted from the stratum corneum
of healthy (median 94.8 pg/mL; range 90.2-104.9 pg/mL)
and atopic (median 95.3 pg/mL; range 90.2-111.6 pg/
mL) dogs was very similar (P = 0.5). Then the amount of
VEGF-A was calculated as the percentage of VEGF-A in
the total protein. Likewise, for the VEGF-A values, a sig-
nificant difference between the two groups was not pre-
sent (P=0.79); the median percentage of VEGF-A in
heathy skin was 9 x 107%% (range 0-2.2 x 107*%) and
1 x 107*% (range 0-3.2 x 107*%) in atopic skin.

Correlation of CADESI-04 and the stratum corneum
There was no significant correlation between the
CADESI-04 scores and the stratum corneum VEGF-A con-
centrations. The correlation coefficient (CC) was —0.015
with P = 0.97 (Figure 2).

Vascular endothelial growth factor-A in the serum
Vascular endothelial growth factor-A expression in the
serum of healthy and atopic dogs was below detection
limits (<6 pg/mL).

Discussion

To the best of the authors’ knowledge, this is the first
study evaluating VEGF-A protein concentrations in the
skin and blood of atopic dogs. The VEGF-A values from
the serum were below detection limits. Detectable con-
centrations of VEGF-A values were present in the stratum
corneum of healthy and atopic dogs; however, no signifi-
cant difference was found between the two groups.
There was no correlation between CADESI-4 scores and
VEGF-A concentrations in the stratum corneum of atopic
dogs. As expected, VEGF-A represented a very small per-
centage of total protein within the stratum corneum for
both healthy and atopic dogs.
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Figure 1. Protein concentrations for canine vascular endothelial
growth factor-A (VEGF-A) in the stratum corneum of healthy and ato-
pic dogs.

Bars indicate standard errors of the mean.
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Figure 2. Correlation between Canine Atopic Dermatitis Extent and
Severity Index, 4™ iteration (CADESI-04) score and stratum corneum
vascular endothelial growth factor (VEGF) in the periocular region of
atopic dogs.

VEGF-SC, VEGF in the stratum corneum

Most of the published information regarding VEGF-A
and inflammatory skin conditions derives from human
studies.®>®” No studies have been published on the role
of VEGF-A in inflamed canine skin. One study reported
the presence of VEGF isoforms and the receptor VEGFR-
1 in all tissues tested (liver, lungs, kidneys, heart, adrenal
glands, thyroid, intestine, bladder, spleen and skin) in six
healthy beagle dogs, with the highest concentrations in
the lungs and heart.”® VEGF and its receptor were moder-
ately to strongly evident in epidermis, sebaceous glands,
apocrine glands, erector pili muscles and hair follicles.™® It
was reported that in wounded canine skin, VEGF-A was
heavily expressed by keratinocytes under stimulation by
tumour necrosis factor (TNF)-a, TGF-B, IL-6 and endothe-
lial growth factor.'® VEGF-A has been evaluated in the
serum of healthy dogs and dogs with neoplasia with con-
flicting results (not detected in lymphoma cases;
detected in dogs with soft tissue sarcoma).?’?? To the
best of the author’s knowledge, there have been no pub-
lished studies evaluating VEGF-A in the serum of atopic
dogs.

Given reports of VEGF-A in canine and human epider-
mis and of detection of VEGF-A in epidermal cells har-
vested from atopic humans,” the authors chose the tape-
stripping technique due to its noninvasiveness and ease
of use. In the present study, the lack of expression of
VEGF-A in the blood of healthy and atopic dogs compared
to tape-strip samples likely indicates that VEGF-A is
locally produced by keratinocytes and it has an autocrine/
paracrine action on the cutaneous tissues.?® All of the ato-
pic dogs in the present study had a mild to moderate
CADESI-04 score, and it is possible that the level of clini-
cal severity was not high enough to lead to a significant
difference between the stratum corneum VEGF-A con-
centrations in atopic and healthy skin. In addition, the rela-
tively mild degree of inflammation in atopic dogs as
reflected by CADESI-04 scores may not have been high
enough to induce a large amount of VEGF-A from the ker-
atinocytes and thus led to a lack of correlation between
VEGF-A concentrations and the severity of disease. Thus,
it is possible that more severe CADESI-04 scores may
lead to a significant increase in the stratum corneum
VEGF-A concentrations; however, further studies are
needed to support this hypothesis.
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Limitations of the present study include the small sam-
ple size and the lack of external validation of the VEGF
ELISA kit for epidermal cell extracts; a larger sample size
may allow for a better evaluation of the role that VEGF-A
plays in atopic dogs. In addition, future studies may con-
sider alternatives to the tape-stripping technique to evalu-
ate concentrations of VEGF-A by using more sensitive
methodology (skin biopsy samples with immunohisto-
chemical evaluation, flow cytometer and/or PCR).
Another limitation of this study is that although VEGF-A
and isoform 164 are the only VEGF forms currently stud-
ied in dogs,'® it is possible that other variants of VEGF
(VEGF-C and VEGF-D) and different VEGF isoforms (120,
182 and 188)'® may be more prevalent in skin or/and
blood of healthy and allergic dogs. Unfortunately, vali-
dated, commercially available, canine-specific ELISAs for
additional variants and isoforms are not currently avail-
able. Another possible study direction could be the evalu-
ation of VEGF, mRNA and/or protein circulating in serum/
plasma exosomes.?42°
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Contexte - Le VEGF (vascular endothelial growth factor) est une cytokine impliquée dans |'angiogenése.
Chez I'homme atteint de dermatite atopique (AD), le VEGF a été détecté dans le stratum corneum et le

sang.

Objectif — Evaluer I'expression de VEGF-A dans le serum et le stratum corneum des chiens sains et atopi-
ques, et, si possible, évaluer la corrélation avec la sévérité de I'atteinte chez le chien atopique.

Sujets — Quinze chiens atopiques et 15 chiens sains de propriétaires.

Matériels et méthodes — La sévérité des signes cliniques associés a I'AD a été évaluée par un CADESI-04
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(Canine Atopic Dermatitis Extent and Severity Index). Pour tous les chiens, un échantillon sanguin a été
prélevé pour récolte du serum. L'abrasion cutanée par ruban adhésif (15 fois) a été réalisée sur peaux
Iésionnelles sur la zone péri-oculaire gauche. Un test ELISA commercial VEGF-A, spécifique du chien a été
réalisé pour tous les échantillons.

Résultats - Le VEGF-A était indétectable dans le sérum. Dans le stratum corneum, il n'y avait pas de différ-
ence significative dans les concentrations de VEGF-A entre les chiens sains (médiane: 89.4+59.5 pg/ml) et
les chiens atopiques (médiane: 100.3+77.1pg/ml) (P=0.71). Il n'y avait pas de corrélation entre les concen-
trations de VEGF-A entre le stratum corneum et les scores de CADESI-04.

Conclusions et importance clinique - Le role du VEGF dans I’AD canine n’est pas clair. A cause de nom-
breuses variables, les isotypes de VEGF-C et VEGF-D ou VEGF-A devaient étre explorés dans la peau pour
mieux évaluer le role du VEGF dans I'atopie canine. L'épaisseur totale des biopsies cutanées, la biologie
moléculaire et I'histopathologie sont nécessaires pour étudier davantage I'expression de VEGF cutané.

Resumen

Introduccion - el factor de crecimiento endotelial vascular (VEGF) es una citoquina implicada principal-
mente en la angiogénesis. En la dermatitis atépica humana (AD), se ha detectado VEGF en el estrato
corneoy la sangre.

Objetivo — evaluar la expresion de VEGF-A en el suero y el estrato cérneo de perros sanos y atépicos, y su
posible correlacién con la gravedad de la enfermedad en perros atépicos.

Animales - quince perros atépicos y 15 sanos, de propiedad privada.

Métodos y materiales — la gravedad de los signos clinicos asociados con la AD se evalud con el indice de
severidad y extension de la dermatitis atdpica canina (CADESI-04). Para todos los perros, se obtuvo una
sola muestra de sangre y se recogi6 el suero. Se realizd obtencion de muestras con cinta adhesiva (15
veces) en el area periocular izquierda (piel lesionada). Se realizé una prueba de ELISA comercial especifica
de VEGF-A especifico para perros en todas las muestras.

Resultados - el factor de crecimiento endotelial vascular A fue indetectable en el suero. En el estrato
cérneo, no hubo diferencias significativas en las concentraciones de VEGF-A entre perros sanos (media
89,4 + 59,5 pg/ml) y atdpicos (media 100, 3+77,1 pg/ml) (P=0,71). No hubo correlacién entre las concen-
traciones de VEGF-A en el estrato cérneo y las puntuaciones CADESI-04.

Conclusiones e importancia clinica - el papel de VEGF en la AD canina no esté claro. Debido a la presen-
cia de muchas variantes, los isétopos VEGF-C y VEGF-D o VEGF-A deben explorarse en la piel para evaluar
mejor el papel del VEGF en la atopia canina. Biopsias de piel de espesor completo, pruebas de biologia
molecular e investigacion histopatoldgica pueden ser necesarias para evaluar aln mas la expresion cuténea
de VEGF.

Zusammenfassung

Hintergrund - Der Vascular endothelial Growth Factor (VEGF) ist ein Zytokin, welches in erster Linie bei
der Angiogenese involviert ist. Bei der atopischen Dermatitis des Menschen (AD) wurde VEGF im Stratum
corneum und im Blut gefunden.

Ziel - Eine Evaluierung der VEGF-A Exprimierung im Serum und im Stratum corneum von gesunden sowie
atopischen Hunden und die mogliche Korrelation der Schwere der Krankheit bei atopischen Hunden.

Tier — Finfzehn atopische und 15 gesunde Hunde in Privatbesitz.

Methoden und Materialien — Die Schwere der klinischen Zeichen, die mit AD einhergehen wurde mittels
Canine Atopic Dermatitis Extent and Severity Index (CADESI-04) evaluiert. Bei allen Hunden wurde eine
einzige Blutabnahme durchgefihrt und Serum gesammelt. Am linken Auge wurde periokular (lasionale
Haut) mittels Klebestreifen gestrippt (15 Mal). Es wurde ein kommerziell verfligbarer Hunde-spezifischer
VEGF-A Enzym-linked-Immunosorbent Assey an allen Proben durchgefihrt.

Ergebnisse — Der Vascular endothelial Growth Factor war im Serum nicht nachweisbar. Im Stratum cor-
neum bestand kein signifikanter Unterschied zwischen den VEGF-A Konzentrationen zwischen den gesun-
den (Durchschnitt: 89,4+59,5 pg/mL) und atopischen Hunden (Durchschnitt 100,3+77,1 pg/mL;(P=0,71).
Es bestand keine Korrelation zwischen den VEGF-A Konzentrationen im Stratum corneum und den
CADESI-04 Werten.

Schlussfolgerungen und klinische Bedeutung - Die Rolle von VEGF bei der caninen AD ist unklar. Auf-
grund vieler Varianten, sollten VEGF-C und VEGF-D oder VEGF-A Isoptope in der Haut untersucht werden,
um die Rolle von VEGF bei der Atopie des Hundes besser zu evaluieren. Hautbiopsien, molekularbiologi-
sche Untersuchungen und eine histopathologische Untersuchung konnte notig sein, um die Exprimierung
von VEGF in der Haut besser zu erfassen.
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Resumo

Contexto — O fator de crescimento endotelial vascular (VEGF) é uma citocina envolvida primariamente na
angiogénese. Na dermatite atépica (DA) humana, o VEGF foi detectado no estrato cérneo e no sangue.
Objetivo — Avaliar a expressao de VEGF-A no soro e no estrato cérneo de caes saudéveis e atopicos, e sua
possivel correlagao com a gravidade da doenca em caes atépicos.

Animais - Quinze caes atdpicos e 15 saudaveis, de proprietarios.

Métodos e materiais — A gravidade dos sinais clinicos associados a DA foi avaliada com o indice de Exten-
sao e Gravidade da Dermatite Atépica Canina (Canine Atopic Dermatitis Extent and Severity Index -
CADESI-04). Para todos os caes, coletou-se uma Unica amostra de sangue e o soro foi extraido. Realizou-
se impressao por fita adesiva (15 vezes) na area periocular esquerda (pele lesional). Um ensaio imunossor-
vente ligado a enzima VEGF-A especifico para caes, disponivel no mercado, foi realizado com todas as
amostras.

Resultados - O fator A de crescimento endotelial vascular nao foi detectado no soro. No estrato cérneo,
nao houve diferenca significativa nas concentragoes de VEGF-A entre caes saudaveis (média: 89,4+59.5
pg/ml)e caes atépicos (média 100,3+77,1pg/ml) (P = 0.71). Nao houve correlagao entre as concentragoes
de VEGF-A no estrato cérneo e os escores CADESI-04.

Conclusoes e importancia clinica — O papel do VEGF na DA canina nao é claro. Devido a muitas varian-
tes, os isétopos de VEGF-C e VEGF-D ou VEGF-A devem ser explorados na pele para avaliar melhor o papel
do VEGF na atopia canina. Bidpsia cutanea de espessura total, biologia molecular e investigagao histopa-
tolégica podem ser necessarias para melhor avaliar a expressao cutanea de VEGF.
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