
© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.
org/licenses/by/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain 
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Ab s t r Ac t
The purpose of this study was to investigate the changes in circulating concentrations of PDGF-BB, TGF-β1 and interleukin-10 (IL-10) in 
dogs with generalized demodicosis. Twelve dogs with generalized demodicosis were diagnosed based on clinical findings and microscopic 
examination of the cutaneous scrapings. Six healthy dogs were included in the study as a control. Commercial specific ELISA assays 
were used to measure circulating concentrations of plasma PDGF-BB, and serum TGF-β1 and IL-10. Marked and significant increase in 
plasma PDGF-BB and serum TGF-β1 concentrations was evidenced in diseased dogs, while increase in serum IL-10 concentration was 
non-significant. The levels of all three markers dropped down to near normal/healthy status after the treatment of diseased dogs. These 
results indicate that the increased concentrations of circulating PDGF-BB, TGF-β1, and IL-10 play a pivotal role in the pathogenesis of 
the canine demodicosis.
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In t r o d u c t I o n

Demodicosis, also named as demodectic mange, 
red mange, or follicular mange, can be defined as a 

common but exigent, inflammatory, noncontagious parasitic 
dermatosis caused by over the population of the host-specific 
follicular mites of various Demodex species (Ravera et al., 2015; 
Shrestha et al., 2015). Canine generalized demodicosis (CGD) 
may be a severe and potentially life-threatening disease. It 
usually starts in dogs of 18 months of age to 4 years of age, 
and the lesions may be similar to localized demodicosis. 
Cutaneous changes in young and older dogs include clogged 
hair follicles, papules, pustules, follicular casts, plaques, crusts, 
edema, deep folliculitis, and furunculosis (Mueller, 2004). 
Generalized demodicosis may commonly be complicated 
with secondary bacterial folliculitis and/or furunculosis 
(Kuznetsova et al., 2012). It is a complex disease whose exact 
pathogenesis remains unclear. Immunosuppression is directly 
associated with the development of the disease, whether 
caused by other infirmities or not (Gortel, 2006). Cytokines 
have an important role in the regulation of the immune 
response, and their expression pattern seems to contribute 
to the clinical presentation of the disease (Tani et al., 2002). 
Therefore, the present study was aimed to investigate the 
changes in circulating concentrations of PDGF-BB, TGF-β1 and 
interleukin-10 (IL-10) in dogs with generalized demodicosis 
before and after treatment.

MAt e r I A l s A n d M e t h o d s

The dogs with clinical manifestations of dif ferent 
dermatological afflictions brought to the Veterinary Clinical 
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Complex of the College in Anand and VCARE, Vadodara, 
were included in the study. A total of 12 positive cases of 
generalized demodicosis were selected for the routine 
therapeutic trial. Six healthy dogs negative for demodectic 
mites were also used as a control for comparison. Blood 
samples were collected from all the diseased and healthy 
dogs initially and again after treatment from diseased dogs by 
venipuncture from the cephalic vein into plain glass tubes for 
serum, and into tubes containing K3EDTA as an anticoagulant 
for plasma samples. The blood samples were immediately 
transferred to the laboratory. Plasma was separated from 
blood by centrifugation at 2000 x g for 15 minutes at 4°C. 
The blood samples for serum separation were allowed to clot 
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at room temperature for 2 hours and then were centrifuged 
for 20 minutes at 1000 x g at 4°C and serum was aliquoted. 
The plasma and sera samples were stored at -20°C in a deep 
freeze until analyses. 

Concentrations of serum TGF-β1, IL-10, and plasma 
PDGF-BB were measured by enzyme-linked immunosorbent 
assay (ELISA) using the canine TGF-β1, IL-10, and PDGF-BB 
assay kits. Each assay was performed according to the 
supplier’s instructions. The data was compiled into Excel 
spreadsheets (Office 2010, Microsoft, India) and analyzed 
using SPSS for Windows (Version 24.0, IBM India). The values 
of diseased and healthy dogs, as well as before and after the 
treatment of diseased dogs, were compared by the paired t 
test (Snedecor and Cochran, 1994).

re s u lts A n d d I s c u s s I o n

The circulating concentrations as the mean ± standard error 
of serum TGF-β1, IL-10, and plasma PDGF-BB observed in 
healthy, and CGD dogs, and in CGD dogs before and after 
treatment are presented in Table 1 and 2, respectively. In 
the present study, the mean concentration of PDGF-BB 
was found to be significantly increased in the demodectic 
dogs as compared to healthy dogs (78.83 ± 23.64 vs. 19.70 
± 5.86 pg/mL, p <0.05) (Table 1). The post-treatment mean 
concentration of PDGF-BB in diseased dogs was found to 
be decreased significantly (15.82 ± 4.23 pg/mL, p < 0.05) as 
compared to pre-treatment value (78.83 ± 23.64 pg/mL) 
(Table 2). PDGF-BB is known to stimulate growth, division, 
migration, and proliferation of the cells (Rosenkranz and 
Kazlauskas, 1999; Yarim et al., 2013). PDGF exerts a stimulating 
effect on collagen synthesis (Rothe and Falanga, 1989), and 
the pivotal role of PDGF-BB in the wound healing process in 
post-irradiation surgical incisions has been well documented. 
A significant result in the present study was that generalized 
demodicosis cause an increase in the PDGF-BB concentration 
in dog plasma, most probably because of triggering of 
keratinocytes, fibroblasts, vascular endothelial cells, and 
macrophages. Therefore, increased PDGF-BB in dogs with 
generalized demodicosis suggest that this growth factor 
may play a role in the immune response to Demodex canis 
and skin repair mechanism in this disease. 

The mean serum concentration of TGF-β1 was found to be 
significantly increased in the demodectic dogs as compared 
to healthy dogs (106.34 ± 17.87 vs 62.36 ± 7.86 pg/mL, p 
<0.05). The mean concentration post-treatment in diseased 
dogs was found to be decreased significantly (59.39 ± 12.40 
pg/mL, p <0.05) as compared to pre-treatment value (106.34 
± 17.87 pg/mL) (Table 1, 2). It has been reported that TGF-β1 
has a critical role in the proliferation and differentiation of 
mesenchymal cells, extracellular matrix production, wound 
healing, and immunosuppression (Yarim et al., 2013). The 
importance of TGF-β in immune regulation and tolerance 
has been increasingly recognized (Tani et al., 2002; Patel et al., 
2018). It has been demonstrated that dogs with generalized 
demodicosis have a lower CD4+ to CD8+ T cell ratio than 
dogs having localized demodicosis (Singh et al., 2010). In 
parallel, Walton et al. (2008) reported the infiltration of 
CD8+ T lymphocytes coupled to over-expression of TGF-β1 
in the dermis of severe crusted scabietic men. Patel et al. 
(2018) however, did not find mRNA expression of TGF-β as 
appropriate for monitoring the progress of the demodicosis. 

Several studies have shown alterations in the circulatory 
concentration of PDGF-BB and TGF-β1 in skin disorders. 
Yarim et al. (2013) reported a strong positive correlation 
between PDGF-BB and TGF-β1 concentrations in dogs with 
generalized demodicosis. Ludwicka et al. (1995) reported an 
increased concentration of PDGF-BB and TGF-β1 in patients 
with scleroderma. The increased TGF-β1 concentration in 
dogs with generalized demodicosis in our study may be 
associated with an increase in CD8+ T cell population due to 
canine generalized demodicosis and may be related to skin 
repair mechanism in this disease.

In present study, the mean serum concentration of IL-10 
was found to be non-significantly increased (69.03 ± 28.78 pg/
mL, p >0.05) in the demodectic dogs as compared to healthy 
dogs (19.89 ± 5.95 pg/mL, Table 1), and the post-treatment 
mean concentration of IL-10 decreased non-significantly 
(40.10 ± 23.60 pg/mL, p >0.05), as compared to pre-treatment 
value (69.03 ± 28.78 pg/mL, Table 2). IL-10 is multifunctional 
cytokine produced by T cells and regulates the activity of 
cells in the immune system and may have a crucial role in the 
regulation of different types of T cells (Mosmann and Sad, 

Table 1: Circulating concentrations (Mean ± SE) of PDGF-BB, TGF-β1, and IL-10 in demodectic dogs and control dogs 

Cytokines Diseased dogs Healthy dogs p value
PDGF-BB 78.83 ± 23.64 19.70 ± 5.86 0.03*
TGF-β1 106.34 ± 17.87 62.36 ± 7.86 0.04*
IL-10 69.03 ± 28.78 19.89 ± 5.95 0.12NS

NS = Non-significant, *Significant (p<0.05).

Table 2: Circulating concentrations (Mean ± SE) of PDGF-BB, TGF-β1, and IL-10 in demodectic dogs (pre- and post-treatment) 

Cytokines Pre-treatment Post-treatment p value
PDGF-BB 78.83 ± 23.64 15.82 ± 4.23 0.02*
TGF-β1 106.34 ± 17.87 59.39 ± 12.40 0.04*
IL-10 69.03 ± 28.78 40.10 ± 23.60 0.45NS

NS = Non-significant, *Significant (p < 0.05).
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1996). The association between immunological disorders 
and the development of demodicosis has a poorly known 
mechanism (Tani et al., 2002; Singh et al., 2010). Our findings 
were in agreement with the previous scientific studies 
wherein the potential association of immunosuppressive 
cytokines with canine demodicosis has been demonstrated 
(Tani et al., 2002; Felix et al., 2013; Yarim et al., 2013; Kumari 
et al., 2017).

co n c lu s I o n

The results of the present study showed increased 
circulating PDGF-BB and TGF-β1 concentrations in dogs 
with generalized demodicosis compared to healthy controls. 
Immunosuppression is an imperative feature of canine 
demodicosis. In this light, elevated IL-10 levels may be 
considered a relevant factor to explain why some animals 
develop demodicosis; hence, further studies are needed for 
a better understanding of immunosuppression in CGD.
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