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Serum canine thymus and activation-regulated
chemokine (TARC/CCL17) concentrations correlate with
disease severity and therapeutic responses in dogs with
atopic dermatitis
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Background - Thymus and activation-regulated chemokine (TARC/CCL17) has been implicated in the pathogen-
esis of canine atopic dermatitis (cAD). Serum TARC concentrations are a reliable biomarker for human atopic der-
matitis; however, their potential as a biomarker for cAD has not been investigated.

Hypothesis/Objectives — To investigate whether serum TARC concentrations correlate with disease severity
and therapeutic responses for cAD.

Animals - Thirty-nine dogs with cAD and 42 healthy dogs were recruited.

Methods and materials — Serum TARC concentrations in dogs with cAD and healthy dogs were measured by
sandwich ELISA with anti-canine TARC antibodies. The clinical severity of cAD was scored using the validated
Canine Atopic Dermatitis Extent and Severity Index, 4th iteration (CADESI-04). Serum TARC concentrations were
compared between dogs with cAD and healthy controls, and their relationship with CADESI-04 was examined.
Serum TARC concentrations also were measured in 20 dogs with cAD treated with prednisolone or oclacitinib for
four weeks.

Results — Serum TARC concentrations were significantly higher in dogs with cAD than in healthy dogs
(P <0.001). In dogs with cAD, serum TARC concentrations correlated with CADESI-04 scores (p = 0.457,
P < 0.01). Furthermore, serum TARC concentrations significantly decreased in treated dogs with the attenuation
of clinical signs (P < 0.001). Changes in serum TARC concentrations before and after treatment correlated with
those in CADESI-04 scores (p = 0.746, P < 0.001).

Conclusions and clinical relevance — Serum TARC concentrations have potential as a clinical and research tool
for the objective evaluation of disease severity and therapeutic responses for cAD.

in peripheral blood that may be attributed to excessive

Introduction

Canine atopic dermatitis (cAD) is a chronic inflammatory
and pruritic skin disease. It shares many clinical character-
istics with its counterpart in humans, such as a genetic
predisposition, early age of onset, predilection sites of
affected skin, a relationship with epidermal barrier
defects and frequent colonization by Staphylococcus.’
Furthermore, dogs with cAD show characteristic labora-
tory findings, with elevated allergen-specific immunoglob-
ulin (Ig)E concentrations and increased eosinophil counts
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amounts of Type 2 helper T (Th2) cytokines.>* Previous
studies reported that concentrations of Th2 cytokines,
including interleukin (IL)-4, IL-5 and IL-13, in serum,®
peripheral blood mononuclear cells® and lesional skin,®®
were higher in atopic dogs than in healthy dogs. One
study also found elevated numbers of [L-4-expressing
helper T cells in the peripheral blood of dogs with cAD.®
Therefore, cAD is a Th2-associated inflammatory disease,
similar to human atopic dermatitis (AD).

Thymus and activation-regulated chemokine (TARC/
CCL17) is a functional ligand for CC chemokine receptor 4
(CCR4), which is selectively expressed on Th2 cells.'®""
The number of CCR4" helper T cells was reported to be
elevated in the peripheral blood of dogs with cAD."? Fur-
thermore, previous studies demonstrated the preferential
transcription of CCR4 and its ligand TARC in the lesional
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skin of dogs with cAD, and not in nonlesional and healthy
skin."™® Immunohistochemical analyses revealed that
TARC was expressed in the lesional keratinocytes of
cAD." In an in vitro study using canine keratinocytes,
TARC was induced by an agonist of protease-activated
receptor-2 that recognized proteases derived from house
dust mites (HDM), a major allergen in cAD."® Previous
studies showed that the transcription of TARC was
upregulated, with the greatest increases being observed
among the genes examined in the lesional skin of experi-
mentally sensitized dogs with HDM antigens.'®' In
another study using an experimental cAD model, a CCR4
antagonist reduced the infiltration of CCR4" mononuclear
cells into skin."® Therefore, TARC likely plays a crucial role
in the pathogenesis of cAD by facilitating the migration of
Th2 cells to lesional skin.

Clinical studies of human AD demonstrated that serum
or plasma TARC concentrations correlated with disease
severity.'®2% Additionally, among several biomarkers,
such as serum lactate dehydrogenase (LDH), total IgE
concentrations and peripheral eosinophil counts, serum
TARC concentrations more strongly correlated with clini-
cal scores.?*?% Serum TARC concentrations are currently
the most sensitive biomarker for assessing the disease
severity of human AD. Furthermore, serum TARC con-
centrations in patients with human AD decreased with
corresponding improvements in clinical signs after treat-
ments with topical agents, including corticosteroids and/
or tacrolimus'®%2:28 and oral ciclosporin.2%2® Accordingly,
serum TARC concentrations also have been used as an
objective marker to evaluate therapeutic responses in
human AD.?*

Although increasing evidence implicates TARC in cAD,
it currently remains unclear whether serum TARC con-
centrations have potential as a biomarker for cAD. In the
present study, we investigated whether serum TARC
concentrations correlate with disease severity and thera-
peutic responses for cAD using a canine TARC-specific
ELISA system.

Methods and materials

Animals

Thirty-nine client-owned dogs with spontaneous cAD in 17 veterinary
hospitals were recruited consecutively for the present study. The
age of animals ranged between one and 15 years (median age eight
years); there were 22 females (16 neutered) and 17 males (nine neu-
tered). Breeds included Shiba inus (n = 19), mongrels (n = 8), French
bulldogs (n = 4) and one each of the following breeds: beagle, Border
collie, Labrador retriever, Maltese, miniature dachshund, Samoyed,
toy poodle and West Highland white terrier. The diagnosis of cAD
was based on the combination of compatible clinical features?’ and
the fulfilment of at least five of eight criteria.?® Other pruritic skin dis-
eases, such as flea allergy dermatitis, scabies, demodicosis, and bac-
terial or Malassezia dermatitis, were excluded based on routine
dermatological examinations and therapeutic trials. In cases exhibit-
ing year-round clinical signs, an elimination diet trial for a minimum of
eight weeks was performed to rule out a cutaneous adverse food
reaction. All affected dogs had serological evidence of allergen-speci-
fic IgE. Tests for Dermatophagoides farinae (Der f) HDM or Der f 2
were performed on all dogs (Nippon Zenyaku Kogyo, Zenoaq;
Fukushima, Japan). In cases in which these tests were negative,
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other serum allergen-specific IgE tests for environmental allergens,
such as Der f HDM, Der f 2, grasses and pollens, were performed (at
Animal Allergy Clinical Laboratories; Kanagawa, Japan).?°

Forty-two healthy dogs were used as control samples. Dogs were
considered to be healthy based on their medical history and a physi-
cal examination. The age of animals ranged between one and 13
years (median age 4.5 years); there were 24 females (15 neutered)
and 18 males (seven neutered). They originated from a research bea-
gle colony (n = 12) or were privately owned (n = 30). The privately
owned dog breeds included Shiba inu (n = 21), golden retriever
(n = B) and one each of the following breeds: cavalier King Charles
spaniel, French bulldog, Shetland sheepdog and toy poodle.
Research beagles were kept for experimental purposes under a pro-
tocol approved by the Animal Care and Use Committee of our insti-
tute (#17014). In Japan, ethics committees are not available for
private-practice animal hospitals. Even so, this study was conducted
in accordance with the ethical codes of the Japan Veterinary Medical
Association.®°

Clinical score assessment and treatment for cAD

The validated Canine Atopic Dermatitis Extent and Severity Index,
4th iteration (CADESI-04) was used to evaluate the severity of
lesions.®" Twenty of 39 affected dogs had been treated with oral
prednisolone (Predonin, Shionogi & Co., Ltd.; Osaka, Japan; 0.5-
1.0 mg/kg once daily for six days, then every other day; n = 11) or
oral oclacitinib (Apoquel, Zoetis Inc.; Florham Park, NJ, USA; 0.4—
0.6 mg/kg twice daily for 14 days, then once daily; n = 9) for 28 days,
according to a previous study.>? CADESI-04 scores were evaluated
before and after treatment.

Blood samples

Blood samples were collected from dogs with cAD and client-owned
healthy dogs that visited the clinic for routine check-ups or vaccina-
tions; the owners of all dogs consented to sample collection for the
purpose of this study. One millilitre blood samples were obtained
from each dog and centrifuged to separate serum. For all recruited
dogs, any anti-inflammatory agents, including glucocorticoids, ciclos-
porin, oclacitinib or antihistamines were withdrawn for at least two
weeks.®® Blood collection was performed on all dogs with cAD.
Twenty of 39 atopic dogs also underwent blood sampling after four
weeks of treatment with oral prednisolone or oclacitinib. Serum sam-
ples were stored at —30°C until analysed.

Recombinant canine TARC

The recombinant canine TARC protein was produced using an
Escherichia coli expression system. The cDNA sequence, excluding
the signal sequence, was inserted into an E. coli expression vector
(PGEX-4T-1, 28954549, GE Healthcare Life Sciences; Little Chalfont,
UK). The recombinant canine TARC protein was purified as a fusion
protein with glutathione S-transferase (GST); the mature protein and
GST protein were cleaved using thrombin (GE Healthcare Life
Sciences; 27-0846-01) and only the mature protein was purified.

Anti-canine TARC monoclonal and polyclonal
antibodies

The cDNA of canine TARC was inserted into a mammalian expres-
sion vector (pcDNA3.1, V79020, Thermo Fisher Scientific; Waltham,
MA, USA). Mice (BALB/c) were immunized with plasmid DNA to
establish a monoclonal antibody. The recombinant protein was used
for monoclonal antibody screening. Rabbits were immunized with
the same plasmid DNA that was used to develop the monoclonal
antibody in order to generate a polyclonal antibody. After DNA immu-
nization, an increase in the antibody titre was confirmed using a
recombinant protein and blood was collected to obtain a polyclonal
antibody. The production of anti-canine TARC antibodies using mice
and rabbits was approved by the Animal Care and Use Committee of
our institute (#2120720, #2130413).
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Table 1. Breed, age, sex, weight, Canine Atopic Dermatitis Extent and Severity Index, 4th iteration (CADESI-04) scores and serum thymus and
activation-regulated chemokine (TARC) concentrations at baseline and after treatment in dogs with atopic dermatitis

Baseline After treatment
Serum
Serum TARC TARC
Age Weight  CADESI-04  concentration ~ CADESI-04  concentration

Case Breed (years) Sex  (kg) score (pg/mL) score (pg/mL) Treatment

1 Shiba inu 6 SF 8 41 3,143 19 1,693 Prednisolone
2 Shiba inu 6 CM 11 50 2,415 25 346 Prednisolone
3 Shiba inu 7 F 8 40 1,591 10 310 Prednisolone
4 Shiba inu 7 CM 1N 7 663 4 309 Prednisolone
5 Shiba inu 8 SF 8 54 2,113 10 189 Oclacitinib

6 Shiba inu 8 SF 10 37 2,447 9 1,632 Prednisolone
7 Shiba inu 1M SF 14 25 4,563 17 3,937 Prednisolone
8 Shiba inu 13 SF 8 105 5,469 53 564 Prednisolone
9 Shiba inu 13 SF 7.2 32 2,135 2 195 Oclacitinib
10 Shiba inu 13 CM 10 41 1,753 12 183 Prednisolone
1M French bulldog 9 SF 1 65 5,006 35 1,825 QOclacitinib
12 French bulldog 7 SF 10.6 22 3,275 2 251 Oclacitinib
13 French bulldog I F 8.2 139 3,173 117 1,376 Oclacitinib
14 Mixed breed 5 M 13 43 6,502 7 3,564 Prednisolone
15 Mixed breed 1 M 23 48 4,406 15 2,052 Oclacitinib
16 Beagle 12 SF 9 19 953 5 150 Prednisolone
17 Maltese 11 SF 6.5 53 1,558 32 884 Oclacitinib
18 Miniature dachshund 10 SF 3 13 4,060 0 2,708 Oclacitinib
19 Toy poodle 2 CM 4.2 14 1,338 4 632 Prednisolone
20 West Highland white terrier 9 M 8 46 2,195 17 177 QOclacitinib
21 Shiba inu 1 M 8.1 4 2,540

22 Shiba inu 3 M 11 65 7,152

23 Shiba inu 8 F 10.5 34 2,040

24 Shiba inu 8 M 24 103 6,372

25 Shiba inu 10 M 9 46 3,626

26 Shiba inu 11 E 9 15 1,553

27 Shiba inu 13 F 8 28 1,443

28 Shiba inu 14 SF 15.2 68 2,153

29 Shiba inu 15 SF 7.4 69 6,816

30 Mixed breed 3 SF 5.7 10 3,261

31 Mixed breed 3 CM 19 18 1,300

32 Mixed breed 5 F 9 42 769

33 Mixed breed 6 CM 638 20 2,057

34 Mixed breed 6 CM 11 44 5,078

35 Mixed breed 8 M 8.6 59 1,287

36 Border collie 10 CM 17.4 36 3,760

37 French bulldog 1 SF 8 4 945

38 Labrador retriever 11 CM 33 24 1,535

39 Samoyed 7 SF 23 15 2,227

CM, castrated male; F, female; M, male; SF, spayed female.

ELISA

The anti-TARC monoclonal antibody with carbonate buffer (0.25 ng/
mL) was immobilized on ELISA plates (Thermo Scientific Nunc,
439454, Thermo Fisher Scientific) in 100 pL, and incubated at 4°C
overnight. ELISA plates were washed using PBST (Phosphate buf-
fered saline containing 0.05% Tween-20), 100 pL of sera diluted
two-fold with a blocking buffer (four-fold Block Ace in PBST, UK-B80,
Yukijirushi; Tokyo, Japan) was added and then plates were kept at
room temperature for 2 h. After washing with washing buffer, the
anti-TARC polyclonal antibody, 400-fold diluted with blocking buffer,
was added in 100 plL increments and the plates were kept at room
temperature for 2 h. After washing, horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG (656120, Invitrogen; Carlsbad, CA,
USA), 2,000-fold diluted with blocking buffer, was added to the
plates, which were then kept at room temperature for 2 h. After
washing, 3,3-,5,5-tetramethylbenzidine  (3405-100TAB, Sigma-
Aldrich, St Louis, MO, USA) solution was added to the plates in
100 pL increments and plates were then kept at room temperature
for 10 min. To stop the reaction, 50 pL of 2n H,SO4 was added to

the plates. Plates were read at a dual wavelength of 450-570 nm
with a micro plate leader (model 680, 168-1000, Bio-Rad; Hercules,
CA, USA). The assay was performed in duplicate on the same day.
Diluted recombinant TARC protein from 98 to 50,000 pg/mL, instead
of sera, was added to the plate in duplicate to prepare a calibration
curve. Optical density values were increased proportionally with con-
centrations of the recombinant canine TARC (R? = 0.9961,
P < 0.001; Figure S1). The workflow of ELISA is shown in Figure S2.

Statistical analysis

Serum TARC concentrations were measured as continuous vari-
ables. The results of serum TARC concentrations were represented
as medians with interquartile ranges (IQR: 25-75th percentiles)
owing to the non-normal data distribution. Differences in serum
TARC concentrations as the dependent variables were analysed
using the Wilcoxon—-Mann-Whitney U-test for comparisons between
the independent variables of group — dogs with cAD and healthy
dogs. The Wilcoxon signed rank test was used to compare paired
serum TARC concentrations before and after treatment. Similarly,
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Table 2. Breed, age, sex, weight and serum thymus and activation-regulated chemokine (TARC) concentrations in healthy dogs

Serum TARC
Case Breed Age (years) Sex Weight (kg) concentration (pg/mL)
1 Shiba inu 0.6 M 6.4 1,330
2 Shiba inu 1 CM 7.9 180
3 Shiba inu 1 CM 13 205
4 Shiba inu 2 SF 11.2 183
5 Shiba inu 2 SF 13.2 416
6 Shiba inu 2 SF 11.5 117
7 Shiba inu 3 SF 8.7 283
8 Shiba inu 4 M 8 249
9 Shiba inu 6 F 9.2 0
10 Shiba inu 6 SF 8.5 150
11 Shiba inu 6 M 10.5 2,243
12 Shiba inu 6 M 10.2 123
13 Shiba inu 7 F 6.6 0
14 Shiba inu 7 SF 12.9 409
15 Shiba inu 7 SF 9.9 192
16 Shiba inu 8 SF 12.3 164
17 Shiba inu 8 M 8.7 343
18 Shiba inu 9 SF 10.3 201
19 Shiba inu 1 CM 10.4 157
20 Shiba inu 12 SF 9.7 614
21 Shiba inu 13 CM M 146
22 Beagle 2 M 10 164
23 Beagle 3 F 10 245
24 Beagle 3 F 10 178
25 Beagle 3 F 10 194
26 Beagle 3 M 10 132
27 Beagle 3 M 10 149
28 Beagle 3 M 10 124
29 Beagle 4 F 10 189
30 Beagle 4 F 10 229
31 Beagle 4 M 10 281
32 Beagle 5 M 10 322
33 Beagle 9 F 10 146
34 Golden retriever 8 CM 33.6 346
35 Golden retriever 4 SF 28 205
36 Golden retriever 8 SF 24.5 250
37 Golden retriever 9 SF 29 172
38 Golden retriever 10 SF 28.7 127
39 Cavalier King Charles spaniel 5 SF 8.5 0
40 French bulldog 1 F 12.8 391
41 Shetland sheepdog 8 CM 13.5 122
42 Toy poodle 5 CM 3.4 82

CM, castrated male; F, female; M, male; SF, spayed female.

CADESI-04 scores were collected as continuous variables. The rela-
tionship between serum TARC concentrations and CADESI-04
scores was analysed by the Spearman rank correlation test. A value
of P<0.05 was considered to be significant. Statistical analyses
were performed using Prism 8 software (GraphPad; San Diego, CA,
USA).

Results

Animals and clinical data

Forty-two healthy dogs (male:female ratio 18:24; median
age 4.5 years; median weight 10.0 kg) and 39 dogs with
cAD (17:22; 8 years; 9.0 kg) were recruited. No signifi-
cant differences were observed in age, sex or weight
between healthy and atopic dogs (data not shown). In
both groups, Shiba inus accounted for approximately half
of the cases (21 of 42 healthy dogs, 19 of 39 atopic dogs).
Index scores in 39 atopic dogs ranged between 4 and 139
(median 40) on the CADESI-04 scale, which has a

maximum score of 180.%" The severity of cAD included
mild (CADESI-04 index 0-34, 17 dogs), moderate (35-59,
15 dogs) or severe (>60, seven dogs) according to the
CADESI-04 severity categories.®’ CADESI-04 scores of all
healthy dogs were 0. Twenty dogs with cAD were treated
with prednisolone (11 dogs) or oclacitinib (nine dogs). The
median CADESI-04 score was 41 (range 7-139) before
treatment and decreased to 11 (range 0-117) after treat-
ment. Breed, age, sex, weight, treatment and CADESI-04
scores at baseline and after treatment in dogs with cAD
are listed in Table 1. The breed, age, sex and weight of
healthy dogs are shown in Table 2.

Serum TARC concentrations in dogs with cAD and
healthy dogs

Serum TARC concentrations were >10-fold higher in dogs
with cAD than in healthy dogs. The median serum TARC
concentration of dogs with cAD was 2,227 pg/mL (IQR
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Figure 1. Serum thymus and activation-regulated chemokine (TARC)
concentrations in dogs with atopic dermatitis (cAD) (n = 39) and
healthy dogs (n = 42).

Serum TARC concentrations were significantly higher in dogs with
atopic dermatitis than in healthy controls (P < 0.001). The lines within
the boxes indicate the median serum TARC concentrations and the
upper and lower boundaries of the boxes represent the 25th and
75th percentiles, respectively. ***P < 0.001 by the Wilcoxon—-Mann—
Whitney U-test.

1,5656-3,910), whereas that of healthy dogs was 183 pg/
mL (IQR 146-273). Serum TARC concentrations were sig-
nificantly higher in dogs with cAD than in healthy dogs
(P < 0.001; Figure 1).

Relationship between serum TARC concentrations
and CADESI-04 scores in dogs with cAD

In order to assess the utility of serum TARC concentra-
tions as a marker for clinical severity, we examined the
relationship between serum TARC concentrations and
CADESI-04 scores. Serum TARC concentrations in dogs
with cAD correlated with CADESI-04 scores (p = 0.457,
P < 0.01; Figure 2).

Serum TARC concentrations before and after
treatment in dogs with cAD

We measured serum TARC concentrations in 20 dogs
with cAD before and after systemic treatment with oral
prednisolone or oclacitinib. In all 20 dogs, serum TARC
concentrations significantly decreased after four weeks
of treatment in accordance with the amelioration of skin
lesions (P <0.001). Serum TARC concentrations
decreased from 2,431 pg/mL (IQR 1,713-4,147) before
treatment to 598 pg/mL (IQR 237-1,726) after treatment
(Figure 3).
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Figure 2. Relationship between serum thymus and activation-regu-
lated chemokine (TARC) concentrations and Canine Atopic Dermati-
tis Extent and Severity Index, 4th iteration (CADESI-04) scores in
dogs with atopic dermatitis (n = 39).

Serum TARC concentrations in dogs positively correlated with
CADESI-04 scores (p = 0.457, P < 0.01). **P < 0.01 by the Spear-
man rank correlation test.

Relationship between changes in serum TARC
concentrations and CADESI-04 scores

In order to assess the utility of serum TARC concentra-
tions as a marker for treatment responses, we examined
the relationship between changes in TARC concentra-
tions and CADESI-04 scores after treatment. Changes in
serum TARC concentrations correlated with those in
CADESI-04 scores (p = 0.746, P < 0.001; Figure 4).

Discussion

To the best of the authors’ knowledge, this is the first
study to investigate the relationship between serum
TARC concentrations and the disease severity of cAD. To
evaluate the usefulness of serum TARC concentrations
as a biomarker for cAD, we established a sandwich ELISA
system for quantifying canine TARC. Previous studies
demonstrated that plasma and serum TARC concentra-
tions in human patients with AD correlated with disease
severity.'®2% Serum TARC concentrations were found to
be markedly higher than plasma TARC concentrations in
patients with AD because platelets in serum released
large amounts of TARC.'® Furthermore, serum TARC con-
centrations were stable independent of the freeze-thaw
process, whereas those in plasma contaminated with pla-
telets were elevated after freeze—-thaw due to the release
of TARC.%* A meta-analysis proposed serum TARC con-
centrations as the most reliable biomarker for the disease
severity of human AD.®® Therefore, herein we used
serum samples to quantify canine TARC.

The results obtained showed that serum TARC concen-
trations were >10-fold higher in dogs with cAD than in
healthy controls, which is consistent with previous find-
ings on human AD."®22 The median serum TARC concen-
trations in dogs with cAD and healthy controls were
2,227 pg/mL (IQR 1,556-3,910) and 183 pg/mL (IQR
146-273), respectively. These concentrations closely cor-
responded to previously reported values from human
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Figure 3. Serum thymus and activation-regulated chemokine (TARC)
concentrations before and after treatment in dogs with atopic der-
matitis (CAD) (n = 20).

Serum TARC concentrations showed a significant decrease after four
weeks of treatment with either oral prednisolone (n = 11) or oclac-
itinib (n = 9) (P < 0.001). ***P < 0.001 by the Wilcoxon-Mann-Whit-
ney U-test.

counterparts in the literature with an average serum
TARC concentration of 1,480 pg/mL (IQR 640-3,540) in
patients with AD and 250 pg/mL (IQR 240-260) in healthy
controls.?® However, a previous study also showed that a
high serum TARC concentration was not specific to
human AD. An elevated serum TARC concentration also
has been reported in human patients with other skin dis-
eases, such as bullous pemphigoid, scabies, polymorphic
prurigo, cutaneous T-cell lymphoma, drug eruption, pustu-
lar dermatosis and other internal disorders.?* Based on
these findings, serum TARC concentrations have not
been solely used to establish a diagnosis of human AD.
Thus, additional studies that evaluate TARC concentra-
tions in dogs with other diseases, besides cAD, are
needed to assess the effect of other inflammatory or neo-
plastic skin conditions on TARC concentrations.

In the present study, serum TARC concentrations in
two healthy dogs were >1,000 pg/mL (cases 1 and 11;
Table 2). This anomaly may be partially due to an age-re-
lated difference in TARC concentrations. One of the two
dogs with a high serum TARC concentration (Case 1) was
only 7 months old; the mean age of the healthy controls
with lower serum TARC concentrations was 4.5 years. A
previous study on healthy human subjects reported that
serum TARC concentrations were higher in infants (<1
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Figure 4. Relationship between changes in serum thymus and acti-
vation-regulated chemokine (TARC) concentrations and Canine Ato-
pic Dermatitis Extent and Severity Index, 4th iteration (CADESI-04)
scores (n = 20).

Changes in serum TARC concentrations before and after treatment
with either oral prednisolone (n = 11) or oclacitinib (n = 9) positively
correlated with the CADESI-04 scores (p = 0.746, P < 0.001).
**%P < (0.001 by the Spearman rank correlation test.

year old) than in children (>2-5 and 6-16 years old) and
adults (>16 years old).®® The same study also found that
to achieve the same diagnostic accuracy of human AD,
different cut-off values were required for different age
groups.®® Because serum TARC concentrations in healthy
human subjects differ among infants, children and adults,
healthy thresholds also vary according to age, based on
current evidence.?* Therefore, further studies are needed
to investigate age-related differences in serum TARC con-
centrations in healthy and affected dogs in order to estab-
lish appropriate reference ranges. Additionally, it is
important to note that one (Case 1) of these two outliers
subsequently developed the typical clinical signs of cAD,
suggesting that TARC concentrations became elevated
before the onset of cAD. This hypothesis is supported by
previous findings indicating the potential of serum TARC
concentrations to detect subclinical dermal inflammation
or the early stages of human AD.®”® Because the
remaining outlier (Case 11) was lost to follow-up, we
were unable to confirm whether this subject eventually
developed cAD or another disease that may have caused
an elevated TARC concentration. Although it may be of
clinical significance, it was not possible to confirm the util-
ity of TARC concentrations in predicting the onset of cAD
in the present study. Thus, further studies are necessary
to evaluate that serum TARC concentrations would be a
good marker to predict onset of cAD, which may lead to
prophylactic administration of anti-inflammatory agents.
The present results showed that serum TARC concen-
trations correlated with CADESI-04 scores, suggesting
the potential of TARC as a useful objective measure for
the disease severity of cAD, similar to human AD.2%22 |n
previous studies on human AD, among available markers,
including total IgE concentrations, peripheral eosinophil
counts and serum LDH concentrations, serum TARC
more strongly correlated with clinical scores.?*?% In
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studies on cAD, although total IgE concentrations were
significantly higher in dogs with cAD than in healthy con-
trols, they did not correlate with clinical severity according
to the Canine Atopic Dermatitis Lesion Index.? Further-
more, the lesional severity scores of dogs with cAD did
not correlate with the serum concentrations of other
cytokines, including IL-17, IL-31 and macrophage migra-
tion inhibitory factor.>® Therefore, serum TARC concen-
trations appear to be a more accurate marker than
previously studied biomarkers and correspond well with
the lesional severity of cAD.

In the present study, we also investigated whether
serum TARC concentrations reflected therapeutic
responses. To the best of our knowledge, a serum bio-
marker has not yet been used to assess spontaneous
cAD before and after treatment in individual subjects. We
demonstrated that serum TARC concentrations
decreased with corresponding improvements in clinical
signs in all dogs treated with prednisolone or oclacitinib,
both of which are first-line treatments in the management
of cAD exacerbations. We also found a strong correlation
between changes in TARC concentrations and CADESI-
04 scores after treatment. The present results show the
potential of serum TARC concentrations as an objective
marker for evaluating therapeutic responses in cAD trea-
ted with prednisolone or oclacitinib.

The comparison of TARC concentrations before and
after treatment with prednisolone and oclacitinib would
have been clinically interesting. However, because dogs
were not randomized into each group, there was a risk of
allocation bias leading to inaccurate interpretation. A pre-
vious study using a mouse model of allergic dermatitis
reported that oclacitinib reduced the TARC concentration
in skin.*? In this model, oclacitinib also suppressed IL-31,
TNF-a0 and TSLP, although abrupt withdrawal led to a
rapid increase of these cytokines.*>*" TNF-o has been
shown to be the mediator inducing TARC release from
canine keratinocytes.*>*® Thus, oclacitinib may reduce
serum TARC concentrations by inhibiting TNF-o in ker-
atinocytes. Common treatment regimens for cAD also
may include the use of topical glucocorticoids, oral ciclos-
porin or lokivetmab injections, which were not evaluated
in the present study. In human patients with AD, serum
TARC concentrations decreased after the treatments
with topical glucocorticoids'®?%:28 or oral ciclosporin.?%2%
Additionally, an in vitro study revealed that IL-31 induced
TARC in human keratinocytes.** These studies suggest
that serum TARC has the potential to act as a marker for
evaluating therapeutic responses in cAD treated with
other drugs, although the generalizability of our results
cannot be assumed for these drugs. Therefore, specific
interactions between serum TARC concentrations and
other treatment modalities require further investigation.

In conclusion, serum TARC concentrations correlated
with the lesional severity scores of cAD, indicating that
serum TARC concentrations are an objective marker for
assessing disease severity and therapeutic responses in
cAD. The assessment of disease severity and efficacy of
treatment for cAD has relied on traditional markers sus-
ceptible to various confounders. The use of TARC as a
biomarker will allow standardized evaluations not only in
clinical settings, but also importantly in research settings,

thereby facilitating the cross-comparison of trials and its
use as a surrogate end-point. Further studies are needed
to confirm the potential of serum TARC concentrations as
an objective and predictive marker in the treatment moni-
toring of cAD.
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Figure S1. A standard curve of the sandwich ELISA with
serial dilutions of purified recombinant canine TARC ran-
ging from 98 to 50,000 pg/mL.

Figure S2. The workflow of the sandwich ELISA assay.

Contexte — La TARC/CCL17 (thymus and activation-regulated chemokine) a été impliquée dans la
pathogénie de la dermatite atopique canine (cAD). Les concentrations sériques de TARC sont un biomar-
queur fiable chez I'homme atopique ; cependant, leur potentiel en tant que biomarqueur pour cAD n'a pas

été étudié.
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Hypotheses/Objectifs — Etudier si les concentrations sériques de TARC correlent avec la sévérité de la
maladie et les réponses thérapeutiques pour cAD.

Sujets - Trente — neuf chiens avec cAD et 42 chiens sains ont été inclus.

Matériels et méthodes — Les concentrations sériques en TARC chez les chiens avec cAD et les chiens
sains ont été mesurées par ELISA avec anticorps anti-TARC canin. La sévérité cliniqgue de cAD a été notée
par CADESI-04 (Canine Atopic Dermatitis Extent and Severity Index, 4th iteration). Les concentrations de
TARC sériques ont été comparées entre les chiens avec cAD et les chiens sains controles, et leur relation
avec CADESI-04 a été étudiée. Les concentrations sériques de TARC ont aussi été mesurées chez 20
chiens avec cAD traités par prednisolone ou oclacitinib pendant quatre semaines.

Résultats - Les concentrations sérigues de TARC étaient significativement plus élevées chez les chiens
avec cAD que chez les chiens sains (P < 0.001). Chez les chiens avec cAD, les concentrations sériques de
TARC corrélaient avec les scores de CADESI-04 (p =0.457, P<0.01). En outre, les concentrations sériques
de TARC diminuaient significativement chez les chiens traités avec atténuation des signes cliniques (P <
0.001). Les changements de concentrations sérigues de TARC avant et aprés traitement corrélaient avec
ceux des scores CADESI-04 (p=0.746, P<0.001).

Conclusions et importance clinique — Les concentrations sériques de TARC ont le potentiel d'étre un
outil clinique et de recherche pour I'évaluation objective de I'intensité de la maladie et de la réponse théra-
peutigue de la CAD.

RESUMEN

Introduccion - el timo y la quimiocina regulada por activacion (TARC/CCL17) se han implicado en la
patogénesis de la dermatitis atdpica canina (cAD). Las concentraciones séricas de TARC son un biomarca-
dor fiable en la dermatitis atépica humana; sin embargo, no se ha investigado su potencial como biomarca-
dor en cAD.

Hipotesis/Objetivos — investigar si las concentraciones séricas de TARC se correlacionan con la gravedad
de la enfermedad y las respuestas terapéuticas en cAD.

Animales - se incluyeron treinta y nueve perros con cAD y 42 perros sanos.

Métodos y materiales — Las concentraciones séricas de TARC en perros con cAD y perros sanos se
midieron mediante ELISA sandwich con anticuerpos anti-TARC caninos. La gravedad clinica de la cAD se
valoré utilizando el indice validado de extension y gravedad de la dermatitis atdpica canina, cuarta version
(CADESI-04). Se compararon las concentraciones de TARC en suero entre perros con cAD y controles
sanos, y se examind su relacién con CADESI-04. También se midieron las concentraciones séricas de
TARC en 20 perros con cAD tratados con prednisolona u oclacitinib durante cuatro semanas.

Resultados - las concentraciones séricas de TARC fueron significativamente mas altas en perros con cAD
que en perros sanos (P <0,001). En perros con cAD, las concentraciones séricas de TARC se correlaciona-
ron con las puntuaciones de CADESI-04 (p = 0,457, P <0,01). Ademas, las concentraciones séricas de
TARC disminuyeron significativamente en los perros tratados con la disminucién de los signos clinicos (P
<0,001). Los cambios en las concentraciones séricas de TARC antes y después del tratamiento se correla-
cionaron con los de los valores de CADESI-04 (p = 0,746, P<0,001).

Conclusiones y relevancia clinica - las concentraciones séricas de TARC tienen potencial como herra-
mienta clinica y de investigacién para la evaluacion objetiva de la gravedad de la enfermedad y las respues-
tas terapéuticas en cAD.

Zusammenfassung

Hintergrund - Dem Thymus und Activation-regulated Chemokine (TARC/CCL17) wird in der Pathogenese
der caninen atopischen Dermatitis (CAD) eine Rolle zugeschrieben. Serum TARC Konzentrationen sind ein
verlasslicher Biomarker bei der atopischen Dermatitis des Menschen; ihr Potential als Biomarker fir die
cAD wurde jedoch noch nicht untersucht.

Tiere — Neununddreif3ig Hunde mit cAD und 42 gesunde Hunde wurden rekrutiert.

Methoden und Materialien — Serum TARC Konzentrationen bei Hunden mit cAD und bei gesunden Hun-
den wurden mittels Sandwich ELISA mit anti-caninen TARC Antikorpern gemessen. Der klinische Schwe-
regrad der cAD wurde mittels validiertem Canine Atopic Dermatitis Extent and Severity Index, 4te
Ausgabe (CADESI-04) beurteilt. Die Serum TARC Konzentrationen wurden zwischen den Hunden mit cAD
und den gesunden Kontrollen verglichen und ihre Beziehung mittels CADESI-04 untersucht. Es wurden
auch die TARC Konzentrationen bei 20 Hunden mit cAD, die mit Prednisolon oder Oclacitinib vier Wochen
lang behandelt worden waren, gemessen.

Ergebnisse — Die Serum TARC Konzentrationen waren bei Hunden mit cAD signifikant hoher als bei den
gesunden Hunden (P < 0,001). Bei Hunden mit cAD korrelierten die Serum TARC Konzentrationen mit den
CADESI-04 Werten (p = 0.746, P < 0.001). Weiters nahmen die Serum TARC Konzentrationen bei behan-
delten Hunden mit Abnahme der klinischen Zeichen ab (P < 0,001). Veranderungen bei den Serum TARC
Konzentrationen vor und nach der Behandlung korrelierten mit denen der CADESI-04 Werte (p =0.746, P<
0.001).
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Schlussfolgerungen und klinische Bedeutung — Die Serum TARC Konzentrationen haben Potential als
klinisches und wissenschaftliches Werkzeug zur objektiven Evaluierung der Schwere der Erkrankung und
der therapeutischen Resonanz bei cAD.
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Resumo

Contexto — A quimiocina regulada pelo timo e ativagao (TARC / CCL17) tem sido implicada na patogénese
da dermatite atépica canina (DAC). As concentragoes séricas de TARC sao um biomarcador confidvel para
dermatite atdpica humana; no entanto, seu potencial como biomarcador para CAD nao foi investigado.
Hipotese/Objetivos - Investigar se as concentragoes séricas de TARC se correlacionam com a gravidade
da doenga e as respostas terapéuticas para DAC.

Animais - Trinta e nove caes com DAC e 42 caes saudéveis foram recrutados.

Métodos e materiais — As concentragoes séricas de TARC em caes com DAC e em caes saudéveis foram
medidas por ELISA sanduiche com anticorpos anti-TARC caninos. A gravidade clinica da DAC foi avaliada
usando o indice de extensao e gravidade da dermatite atdpica canina validado, 4° iteragao (CADESI-04). As
concentragoes séricas de TARC foram comparadas entre caes com DAC e controles saudaveis, e sua
relagao com CADESI-04 foi avaliada. As concentragoes séricas de TARC também foram mensuradas em
20 caes com DAC tratados com prednisolona ou oclacitinib por quatro semanas.

Resultados - As concentragoes séricas de TARC foram significativamente maiores em caes com DAC do
gue em caes saudaveis (P <0,001). Em caes com DAC, as concentragoes séricas de TARC se correlaciona-
ram com as pontuacoes de CADESI-04 (p = 0,457, P<0,01). Além disso, as concentragoes séricas de TARC
diminuiram significativamente nos caes tratados, com a atenuacao dos sinais clinicos (P <0,001).
Mudangas nas concentracoes séricas de TARC antes e depois do tratamento correlacionaram-se com as
dos escores CADESI-04 (p=0,746, P<0,001).

Conclusoes e relevancia clinica — As concentragoes séricas de TARC tém potencial como uma ferra-
menta clinica e de pesquisa para a avaliagao objetiva da gravidade da doenca e das respostas terapéuticas
para DAC.
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