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INTRODUCTION

Canine atopic dermatitis (cAD) is currently 
characterized as a clinical inflammatory syndrome 
whose development involves the interaction between 
genetic and environmental factors (MARSELLA, 
2021). These factors are able to influence the immune 
response, the skin microbiome and the integumentary 
barrier, culminating in the synthesis of pro-
inflammatory molecules that potentially perpetuate 
and aggravate skin inflammation (STEFANOVIC et 
al., 2021). These molecular mechanisms involved in 
a given group of individuals are defined as endotypes, 
while their observable clinical characteristics are 
known as phenotypes (EISENSCHENK, 2020). The 

characterization of these endotypes is the target of 
studies in human atopic dermatitis, as changes in 
endotypic patterns affect the clinical phenotypes 
(TOKURA & HAYANO, 2021).

The immunological alterations present 
in cAD involve different subpopulations of 
T helper effector lymphocytes (Th) and their 
related cytokines according to the disease stage 
(EISENSCHENK, 2020). In acute lesions there 
is a predominance of Th2 cells, while a mixed 
pattern of Th1 and Th2 lymphocytes is observed in 
chronic lesions (PUCHEU-HASTON et al., 2015). 
These cells are capable of producing cytokines that 
reproduce different clinical phenotypes in the skin 
(EISENSCHENK, 2020), which are currently the 
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ABSTRACT: Canine atopic dermatitis (cAD) is a multifactorial allergic disease associated with immune dysfunction and abnormal skin 
barrier. Several immunological mediators play a role in its pathogenesis. Such molecules are produced by the activation of T helper lymphocytes 
(Th) through polarization to Th1 and/or Th2, which contributes to different lesion patterns. Acute lesions are mediated by an activation of the 
Th2 cytokine axis, which clinically induces erythema and pruritus. Conversely, in chronic injuries a mixed immune response of Th1/Th2 
cytokines occurs, leading to hyperpigmented and lichenified skin. The clinical understanding of these patterns and the mode of action of 
immunomodulators are crucial for the best clinical management of the atopic patient. In this context, this review discussed the role of the 
immune response and the immunomodulatory drugs in dogs with atopic dermatitis and  suggested a therapeutic protocol based on clinical 
phenotype. Based on the evidences showed in this review, it is considered appropriate to use immunomodulatory drugs that target cytokine 
spectrum related with the clinical phenotype of cAD.
Key words: canine atopy, inflammatory disease, immunomodulators.

RESUMO: A dermatite atópica canina (DAC) é uma doença alérgica multifatorial associada à disfunção imune e barreira cutânea anormal. Vários 
mediadores imunológicos desempenham um papel na sua patogênese. Tais moléculas são produzidas pela ativação de linfócitos T auxiliares (Th) 
por meio da polarização para Th1 e/ou Th2, o que contribui para diferentes padrões de lesão. Lesões agudas são mediadas pela ativação do eixo 
de citocinas Th2, que clinicamente induz eritema e prurido. Por outro lado, nas lesões crônicas ocorre uma resposta imune mista de citocinas 
Th1/Th2, levando à pele hiperpigmentada e liquenificada. O entendimento clínico desses padrões e o modo de ação dos imunomoduladores são 
cruciais para o melhor manejo clínico do paciente atópico. Esta revisão visa discutir o papel da resposta imune e das drogas imunomoduladoras em 
cães com dermatite atópica e sugerir um protocolo terapêutico baseado no fenótipo clínico. Baseado nas evidências apresentadas nessa revisão, é 
considerado apropriado utilizar drogas imunomoduladoras que abrangem o espectro de citocinas relacionadas ao fenótipo clínico da DAC. 
Palavras-chave: atopia canina, doença inflamatória, imunomoduladores.
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target of studies in humans (TOKURA & HAYANO, 
2021). It is noteworthy that other effectors Th cells 
are involved in cAD, such as Th17, Th22 and Treg 
lymphocytes. However, studies in the canine species 
are needed to define their real role in the phenotypic 
development of this disease (PUCHEU-HASTON et 
al., 2015; EISENSCHENK, 2020).

In canine patients with an acute phenotype, 
erythematous and pruritic lesions with rapid evolution 
are observed, while in a chronic phenotype, scaly, 
hyperkeratotic and hyperpigmented processes in skin 
are predominant. These clinical changes are related 
with an intensification of Th2 cytokine axis and a 
significant increase in the Th1 immune response 
(PUCHEU-HASTON et al., 2015; TOKURA & 
HAYANO, 2021).

Recognition of these injury patterns 
is important for the implementation of therapies 
capable of adequately encompassing the spectrum 
of cytokines and reversing the integumentary 
inflammatory process in cAD. Thus, this research  
discussed the role of the immune response in cAD 
and  suggested a therapeutic protocol for the use of 
systemic immunomodulators based on the patient 
clinical phenotype.

Cytokines and their impact on canine atopic 
dermatitis

Cytokines are defined as protein molecules 
with cell signaling capacity, responsible for exerting 
biological effects on the immune system. In this 
context, these molecules can have pro-inflammatory 
or anti-inflammatory activities, depending on the 
stimulus involved for their production (NAKAJIMA 
et al., 2021). In atopic dermatitis, the cytokines tend to 
amplify the inflammatory process, being produced by 
different populations of lymphocytes. Among them, 
the Th1 and Th2 lymphocytes are reported as the 
main effector cell groups in canine atopy (PUCHEU-
HASTON et al., 2015).

Th1-type immune response is characterized 
by the production of cytokines capable of activating 
cellular mechanisms of inflammation. Interferon-g 
(IFN-g) and interleukin-12 (IL-12) are the main 
proteins that act together for the progression of the 
inflammatory response in the skin of atopic animals 
(SCHLOTTER et al., 2011). In an acute phase of 
cAD there is a predominance of Th2 type cytokines 
(PUCHEU-HASTON et al., 2015), while in a chronic 
phase the production of IFN-g and IL-12 tends to 
increase, due to the largest participation of Th1 cells. 
However, there is no significant reduction in Th2 cells 
activation (Figure 1), characterizing a mixed-pattern 

cytokine response in the chronic phase of atopic 
disease (SCHLOTTER et al., 2011; CZARNOWICKI 
et al., 2019).

Regarding to the Th2-type response, 
it is responsible for the development of an 
inflammatory process associated with IgE-mediated 
hypersensitivity reactions (PUCHEU-HASTON et 
al., 2015). It is noteworthy that human and canine 
atopic dermatitis are not considered diseases with 
strict Th2 polarization (SCHLOTTER et al., 2011; 
CZARNOWICKI et al., 2019). Other lymphocytes 
populations, such as Th22, may play role in acute 
phase of atopic dermatitis (OLIVRY et al., 2016). 
However, evidence suggested the main contribution 
of the Th2 pattern of immune response and its 
cytokines in the development and perpetuation of 
atopic dermatitis, particularly in the early stages of 
disease and acute lesions (PUCHEU-HASTON et 
al., 2015). The main cytokines involved in cAD and 
their functions will be better explained below.

Interferon-gamma (IFN-g) is one of 
the most potent cytokines produced by Th1 cells 
(TAWADA et al., 2014). This cytokine is related 
with skin lipid abnormalities (TAWADA et al., 
2014) and was identified in skin of atopic dogs with 
chronic and lichenified lesions (OLIVRY et al., 1999; 
SCHLOTTER et al., 2011). Besides, this cytokine 
also has the ability to activate lymphoid cells, thus 
intensifying the Th1 pattern and the inflammatory 
process (ALSPACH et al., 2019).

Interleukin-12 (IL-12) is a pro-
inflammatory cytokine produced by macrophages, 
dendritic cells, mast cells and various other cell types 
(YAWALKAR et al., 2000). This cytokine polarizes 
immune responses to the Th1 pathway, activates 
CD8+ T lymphocytes and regulates the production of 
IFN-g, being highly expressed in the skin of patients 
with atopic dermatitis (SCHLOTTER et al., 2011; 
CHYUAN & LAI, 2020). 

Interleukin-4 (IL-4) is a classic example of 
a Th2 pathway cytokine (PUCHEU-HASTON et al., 
2015) and it is produced by Th2 lymphocytes, mast 
cells and basophils and innate type 2 lymphocytes 
(ILC2) (MASHIKO et al., 2017). This cytokine 
regulates gene expression related to the production 
of chemokines and pro-inflammatory factors and 
negatively regulates the synthesis of antimicrobial 
peptides and glucocorticoid receptors, favoring the 
skin dysbiosis and impairing the glucocorticoid 
effects (BAO et al., 2013).

Interleukin-5 (IL-5) is an important 
Th2 protein produced by T cells and granulocytes 
(TAKATSU, 2011).  This cytokine is related to 
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the development, survival and proliferation of 
eosinophil populations (SIMON et al., 2004). 
Although, the participation of IL-5 in human allergic 
diseases is evidenced, studies are needed to assess 
its relationship and with phenotypes in canine atopic 
dermatitis (BRANDT & SIVAPRASAD, 2011; 
TENERO et al., 2020). 

Interleukin-13 (IL-13) is a critical 
mediator in inflammation of allergic origin, being 
present in acute and chronic conditions related to 
atopic dermatitis (BRANDT & SIVAPRASAD, 
2011; PUCHEU-HASTON et al., 2015). This protein 
is a Th2 cytokine produced by T cells, basophils, 
mast cells and ILC2 (BIEBER, 2020). Due to the 
functional similarity with IL-4, in vitro studies 
usually compare the activity of both cytokines  
concomitantly  (ESCHE et al., 2004). IL-13 
attenuates the expression of genes associated with 
the production of filaggrin, loricrin and involucrin, 
directly affecting the integrity of the skin barrier 
and favoring allergen penetration. In addition, it 
has a pro-fibrotic effect leading to lichenification 
usually present in the chronic atopic dermatitis 
(MITAMURA et al., 2018; FURUE et al., 2020). 

Interleukin-22 (IL-22) is a Th2/Th22 
pro-inflammatory cytokine produced by mast cells, 
natural killer T cells, Th22 cells and CD8+ T cells 

(FARD et al., 2016), and acts through an upregulation 
of epithelial derived cytokines in keratinocytes (LOU 
et al., 2017). Those in turn are critical molecules for 
promoting type 2 immune responses (LOU et al., 
2017). In dogs; however, there was no difference in 
the expression of this cytokine between healthy and 
atopic skin (SHIOMITSU et al., 2021), making its 
role unclear in pathogenesis of cAD.

Interleukin-31 (IL-31) is produced by 
Th2 cells and also by mast cells (BRANDT & 
SIVAPRASAD, 2011), being largely expressed in 
damaged skin of atopic animals (GONÇALVES et 
al., 2018; SHIOMITSU et al., 2021). It is associated 
with pruritus through a neurological stimulation and 
elongation of sensory fibers (GONZALES et al., 
2013). Additionally, IL-31 reduces the expression of 
filaggrin in the epidermis, affecting the skin structure 
(FURUE et al., 2018).

Taken together, the aforementioned 
cytokines influence the skin structure and clinical 
phenotype of the patient. Cytokines present in 
both acute and chronic response in dogs and their 
phenotypes are summarized in figure 2. 

Clinical phenotypes in canine atopic dermatitis
The clinical phenotypes represent a group 

of individuals who share similar characteristics. This 

Figure 1 - Effector cell populations and cytokines involved in canine atopic dermatitis 
(cAD) according to lesion chronicity. Different cell populations and their 
cytokines are involved on the progression of the inflammatory process. In an 
acute phase of cAD there is a predominance of Th2 response, while in a chronic 
phase both Th1 and Th2 response. 
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definition favors the identification of genetic factors 
that contribute with disease particularities, as well 
as the establishment of prognosis and adoption of 
therapies (EISENSCHENCK, 2020). 

In human atopic dermatitis, lesion 
distribution varies according to age, race/ethnicity, 
sex, age of onset, and global region (NOMURA et al., 
2020). Conversely, those definitions are scarce and 
restricted to breed and acute/chronic stages in cAD 
(WILHEM et al., 2011; EISENSCHENK, 2020). 
Acute lesions are expected to be erythematous, wet 
and highly inflammatory, turning lichenified, dry, 
thick and hyperpigmented in dogs with chronic 
disease (EISENSCHENK, 2020). These phenotypic 
patterns reflect the cytokines activities.

Comparing cytokine and cell profiles of 
acute/chronic stages of canine atopic skin, it is possible 
to understand the changes and immune disparities 
between disease stages. Th2 cytokines, such as IL-4, 
IL-13 and IL-31 contribute to erythema, pruritus and 
structural abnormalities even in the absence of skin 
lesions. With the progression of the inflammatory 
process, a high expression of IL-13 induces skin 
thickening, IL-4 and IL-31 increase pruritus and 

promote epidermal dysfunctions and, finally, other 
cell signaling pathways are activated culminating in 
Th1 cells differentiation. Those, in turn, synthesize 
pro-inflammatory cytokines, such as IL-12 and 
IFN-g which maintain the skin inflammatory status. 
The clinical features of acute/chronic atopic skin are 
shown in figure 2.

Although, atopic dogs are expected to 
follow a pattern of response as previously mentioned, 
cAD is known to have wide individual clinical 
variation (FERREIRA et al., 2022). Based on these 
evidences, it is hypothesized that canine response to 
the abovementioned mechanisms can vary according 
to the type of stimulus and its intensity which can 
induce the overproduction of inflammatory cytokines. 
Thus, the understanding of this cytokine storm and its 
relation with clinical lesions can be a potential roadmap 
toward a precision medicine approach in cAD. 

Systemic immunomodulators and canine atopic 
dermatitis

Currently,  there are four 
immunomodulatory commercially available group 
of drugs for cAD treatment (OLIVRY & BANOVIC, 

Figure 2 - Clinical lesion variation according to the profile of cells and cytokines. In acute 
injuries (first line), there is a predominance of Th2-type responses, leading to 
erythematous and scaling processes. In chronic injuries (second line) there is a 
predominance of mixed Th1-Th2 responses, increasing epidermal differentiation 
which is clinically evidenced by hyperkeratotic and lichenified lesions.
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2019). These drugs differ in its mechanism and 
spectrum of action, time to onset of therapeutic 
response and side effects (EISENSCHENK, 2020). 
Details of each drug and their different targets will be 
described below and summarized in figure 3.

Glucocorticoids
Glucocorticoids (GCs) are considered a 

group of essential hormones that physiologically play 
fundamental roles in the processes of homeostasis, 
cognition, cell proliferation, growth of puppies, 
and reproduction (CAIN & CIDLOWSKI, 2017). 
Corticoid-mediated immunomodulation has been 
classically attributed to the induction of alterations 
in gene expression in various cell groups (RATMAN 
et al., 2013). GCs interfere in the activation of 
transcription factors, such as NF-kB, AP-1, NF-
AT, and STAT, culminating in the reduction of pro-
inflammatory cytokine synthesis such as IL-2, IL-5, 
IL-6, IL-13, IFN-g, and TNF-a (RATMAN et al., 
2013; CAIN & CIDLOWSKI, 2017). 

It is also known that GCs are capable of 
altering leukocyte mobilization within blood vessels 
in different ways. This property is attributed to the 
inhibition of phospholipase A2 (KIM et al., 2001), 
the reduction in production of chemokines (CAIN 
& CIDLOWSKI, 2017) and expression of adhesion 
molecules in vascular endothelium (CRONSTEIN et 
al., 1992; ATSUTA et al., 1999). 

Due to this broad spectrum of action on the 
immune system, GCs are recommended as first choice 
drugs to remove the patient from the pruritus crisis 
associated with canine atopic dermatitis (OLIVRY & 
BANOVIC, 2019). Later on, a dose reduction and therapy 
switching are recommended to avoid potential side effects 
(OLIVRY et al., 2015; OLIVRY & BANOVIC, 2019).

The side-effects of GCs are common and 
can sometimes become problematic, ranging from 
mild cases, which courses with polyphagia and 
polydipsia, to a more severe case, such as Cushing 
syndrome, posing a life-threatening risk to the patient 
(ORAY et al., 2016). Moreover, GCs can also affect 
musculoskeletal, circulatory and gastrointestinal 
systems (VANDEWALLE et al. 2018). In skin, 
corticosteroids can cause skin atrophy and fragility 
(KAYA & SAURAT, 2007) as well as impair 
cutaneous healing through blockage of collagen 
genes expression (SCHACKE et al., 2002).

Cyclosporine A
Cyclosporine A (CsA) is a polypeptide 

produced from the fungus Cylindrocarpon lucidum 
(BOREL et al., 1994), being used in clinical medicine 
for the control of immune-mediated diseases due to 
its immunosuppressive potential (OLIVRY et al., 
2015; GANUGULA et al., 2020). 

Within its spectrum of action, CsA acts 
mainly by binding to cyclophilin. The resultant 

Figure 3 - Immunomodulators as targeted agents (blue) of canine atopic dermatitis 
(cAD). Schematic representation on various antagonistic strategies used for 
regulation of cytokine signaling acting in cAD.
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complex cyclosporine/cyclophilin inhibits 
calcineurin, which is a protein that mobilizes the NF-
AT from cytoplasm to the nucleus (HAWKSHAW 
& PAUS, 2021). As NF-AT is a key molecule 
related to IL-2 synthesis (VINH et al., 2019), its 
inhibition affects the lymphocytes proliferation and 
culminates in the general regulation of the immune 
system (ARCHER et al., 2014; FELLMAN et al., 
2019). Additionally, this drug is able to inhibit the 
prolongation of nerve endings in the epidermis and 
normalize keratinocyte proliferation and keratin 
production (KO et al., 2016). 

Due to this set of factors, CsA has been 
widely used in the treatment of atopic dermatitis 
in dogs (OLIVRY et al., 2015). In a clinical study 
using 12 dogs, the drug was related to a clinical 
improvement in pruritus and lesions associated 
with cAD; although, less effective when compared 
to GCs (NETO et al., 2017). However, in another 
comparative study between drugs, with 20 dogs 
in each group, there was no statistical difference 
between animals treated with prednisone and 
animals treated with CsA (TASZKUN, 2010). It 
is noteworthy that, as it has a lower intensity of 
side effects when compared to corticosteroids, 
CsA becomes an option for continuous control 
of pruritus in animals with cAD (OLIVRY & 
BANOVIC, 2019).

With regard to the side effects associated 
with the use of CsA, gastrointestinal changes 
are mentioned, such as nausea, vomiting and 
diarrhea, (NUTTALL et al., 2014). The increased 
susceptibility to the development of infectious 
processes in the bladder (PETERSON et al., 2012), 
skin (NUTTALL et al., 2014) and respiratory 
tract (SALANT et al., 2021) is also noteworthy 
and possibly associated with reduced activity of 
the immune system, favoring the proliferation of 
opportunistic microorganisms.

Oclacitinib
Oclacitinib is a drug recently introduced 

in veterinary medicine for the treatment of allergic 
pruritus in dogs. Its mechanism of action involves 
the inhibition of Janus Kinase (JAK) receptors 
(GONZALES et al., 2014; DENTI et al., 2022). 
In mammalian cells there are 4 JAK groups that 
play important pathophysiological roles. JAK-1 is 
associated with the inflammatory process, while 
JAK-2, JAK-3 and TYK-2 are involved in cell 
differentiation and hematopoiesis (SCHWARTZ et 
al., 2017). Oclacitinib is able to block the activation 
of these signaling pathways, having a high affinity 

for JAK-1 and JAK-2, and a lower affinity for JAK-3 
and TYK-2 (GONZALES et al., 2014; SCHWARTZ 
et al., 2017). Blocking JAK-1 and JAK-2 directly 
affects the synthesis of pro-inflammatory cytokines, 
such as IL-2, IL-4, IL-6, IL -13 and IL-31 
(SCHWARTZ et al., 2017). 

In the first studies related to oclacitinib, 
side effects in the digestive system, such as 
vomiting and diarrhea, urinary system, such 
as urinary tract infections, and integumentary 
system, such as otitis and pyoderma, were reported 
(COSGROVE et al., 2015). However, another 
research on long-term use of oclacitinib in dogs 
concluded that the presence of bacteriuria was not 
an expected side effect, as long as this animal did 
not have a previous history of urinary infection 
or predisposing condition during the treatment 
period (SIMPSON et al., 2017).

Lokivetmab
Lokivetmab was the first commercially 

available immunobiological for the treatment of 
allergic disease in dogs. This monoclonal antibody 
acts by directly blocking IL-31, making it unavailable 
to bind to its receptor and trigger itching. As it is a 
synthetic antibody, the technology for its manufacture 
involves the caninization of its molecular structure 
to avoid recognition and destruction by the immune 
system (MICHELS et al., 2016).

These IL-31 antibodies promote a rapid 
itching control response (FLECK et al., 2021), 
which can last between 30 to 60 days, depending on 
the degree of itching stimulus and the presence of 
secondary infections (TAMAMOTO-MOCHIZUKI 
et al., 2019). The high specificity of lokivetmab 
gives it advantages such as mild side effects, usually 
associated with pain at the application site and 
hypersensitivity reactions (MICHELS et al., 2016; 
SOUZA et al., 2018).

Among the limitations of this 
immunobiological agent, the low ability to 
control skin lesions is cited, even with stabilized 
pruritus. This fact reflects the need for attention 
to the early treatment of lesions, preventing their 
development and progression of the inflammatory 
process. Furthermore, due to its specificity in 
blocking IL-31, the possibility of low therapeutic 
response in animals whose IL-31 does not act as 
the main pruritogenic molecule is considered 
(TAMAMOTO-MOCHIZUKI et al., 2019). 
Therefore, further clinical trials are needed to 
investigate the applicability of the drug based on 
patient individuality. 
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Phenotype based therapy
Although, veterinary medicine has an 

arsenal of drugs available to control the signs 
associated with cAD, it is known that the therapeutic 
response in this disease varies according to the 
individual and the drug (SANTORO, 2019; 
MARSELLA et al., 2020; FERREIRA et al., 2022). 
Among the various reasons that would explain these 
differences in the treatment of atopic dermatitis, the 
possibility of variations in cytokine groups based 
on the geographical location of the animal and the 
affected breeds should be considered (WILHEM at 
al., 2011; SANTORO, 2019; EISENSCHENCK, 
2020). These variables would potentially modify the 
immune system polarization, generating different cell 
and cytokine profiles involved in the hypersensitivity 
response, as occurs in human atopic dermatitis 
(STEFANOVIC et al., 2021).

Currently, in human medicine, studies 
are focused on defining the phenotypes and 
endotypes of atopic dermatitis in different 
countries and differentiated by age (TOKURA & 
HAYANO, 2021). With these studies, there is a 
better targeting of the pattern of cytokines involved 
in the disease and, thus, a targeted therapeutic 
approach is favored (NOMURA et al., 2020). 
In veterinary medicine, these studies are scarce, 
being restricted to phenotypic differences between 
acute and chronic injuries (WILHEM et al., 2011; 
EISENSCHENK, 2020).

In acute lesions, an immune response 
composed of Th2 cells and their related cytokines 
is expected (PUCHEU-HASTON et al., 2015). In 
the absence of secondary infections, treatments 
with corticosteroids, oclacitinib and lokivetmab 
can be benefitial to this type of phenotype 
(SANTORO, 2019; MARSELLA et al., 2020). 
However, we should also consider the severity of 
the injury and the intensity of the crisis to decide 
which of them are the most suitable.  Therefore, 
due to its broader spectrum of action, animals 
with severe lesions will have a better response 
to the use of GCs and, when the crisis becomes 
stable, a switch to other drugs can be adopted 
(OLIVRY & BANOVIC, 2019; MARSELLA et 
al., 2020). Due to the mechanism of action of CsA 
(HAWKSHAW & PAUS, 2021), it would also be a 
viable possibility. However, it should not be used 
alone during the remission of clinical signs (e.g 
pruritus) as it may take up to six weeks to reach its 
maximum effect (OLIVRY & BANOVIC, 2019; 
MARSELLA et al., 2020).

In chronic phase lesions, on the 
other hand, due to increased activation of Th1 
cells and proliferative changes in the epidermis 
(CZARNOWICKI et al., 2019; EISENSCHENK, 
2020), it is considered that GCs and CsA can bring 
greater benefits to the patient when compared to 
oclacitinib or lokivetmab. This fact is due both 
to the broader blockade in the synthesis of pro-
inflammatory cytokines, and also to the regulation 
of keratinocyte proliferation, culminating in the 
normalization of epidermal cell kinetics (KAYA 
& SAURAT, 2007; KO et al., 2016). After 
reestablishing homeostasis, it is possible to consider 
maintaining a long-term control with CsA or 
switching to oclacitinib or lokivetmab (OLIVRY & 
BANOVIC, 2019). Different strategies of the use 
immunomodulatory drugs are proposed on figure 4.

With regard to maintenance therapy, 
the importance of preventing or delaying the 
onset of the integumentary inflammatory process 
is emphasized (OLIVRY & BANOVIC, 2019). 
Therefore, a multimodal therapeutic approach 
is needed (OLIVRY et al., 2015; BENSIGNOR 
& VIDEMONT, 2022) and, considering the 
individuality of each patient, the combined use 
of immunomodulators can be appreciated. It is 
also noteworthy that, as this is a chronic disease 
(MARSELLA, 2021), affected dogs undergo long-
lasting treatments (OLIVRY et al., 2015) and; 
therefore, patients should be regularly followed 
up to avoid serious side effects associated with the 
chosen drugs. Moreover, the regular use of skin 
care and mostuirizing products, identification and 
allergen avoidance and dysbiosis control are also 
important strategies to improve cAD maintenance 
(OLIVRY et al., 2015). However, we will focus 
only on the systemic immunomodulatory therapy, 
since it is the aim of this review. 

In the near future, further research on the 
molecular profiles of dogs with cAD in different 
regions of the world is expected, similarly to studies 
on atopic dermatitis in humans (NOMURA et al., 
2020). Furthermore, it is not yet known whether 
there is variation in the immune response based 
on the type of antigen involved in cAD, which 
could potentially characterize the influence of the 
environment on the endophenotypic development. 
With such information, it will be possible to 
consider personalized and selective drug strategies 
(PESCITELLI et al., 2021), minimizing the 
occurrence of extensive side effects and optimizing 
therapeutic responses.



8

Ciência Rural, v.53, n.8, 2023.

Ferreira et al.

CONCLUSION

Based on this review, it is appropriate to 
consider the use of immunomodulatory therapies 
aimed at the clinical phenotype of cAD. The 
management should target the cytokine spectrum 
involved with the inflammatory process, thus 
driving the therapeutic choices toward precision 
medicine. Furthermore, more in-depth studies of 
canine atopic dermatitis phenotypes and endotypes 
are encouraged, bringing answers to the following 
questions: which dog will respond best to which 
therapy? How long the therapy should be continued? 
Which allergens induce which signaling pathways? 
These answers may allow a more precise definition 
of different clinical endo/phenotypes as key elements 
for successful development of new therapeutic 
options and implementation of targeted therapy in 
dogs with cAD.
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