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ABSTRACT. Using RT-PCR and semi-quantitative PCR, mRNA expression for canine interferon (IFN)-γ, interleukin (IL)-2, IL-4, IL-5, IL-
10, tumor necrosis factor (TNF)-α and transforming growth factor (TGF)-β in peripheral blood mononuclear cells (PBMCs) was exam-
ined in dogs with or without demodicosis.  mRNA expression for IFN-γ as well as TNF-α in dogs with demodicosis (localized (LD) and
generalized (GD)) was slightly lower than those in dogs without demodicosis (healthy controls).  Expression of IL-5 mRNA in dogs with
demodicosis was higher than that in control dogs, but there were no significant differences in IL-4 and IL-10 mRNA expression levels
among the three groups.  On the other hand, expression levels of TGF-β mRNA in dogs with GD were higher than those in control dogs
and dogs with LD.  The expression levels of IL-5 and TGF-β mRNA decreased in all three dogs with GD which showed resolution of
the clinical signs.  Taken together, these results suggest that the Th2-like response in PBMCs from dogs with demodicosis is up-regulated,
and that subsequent increased expression of IL-5 and TGF-β mRNA in dogs with GD is reversible after treatment.  Therefore, these
cytokines, particularly IL-5, might be a useful clinical index of the clinical course in demodicosis.  Also, increased TGF-β mRNA expres-
sion might be a key factor for revealing the difference in the mechanism of onset between LD and GD.
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Canine demodicosis is an inflammatory parasitic skin dis-
ease characterized by excessive proliferation of Demodex
canis within the hair follicles [28] and/or Demodex spp. on
the skin surface [8].  It has been thought that immunodefi-
ciency may contribute to the development of demodicosis
[3, 20, 28].  Canine demodicosis is classified as either local-
ized (LD) or generalized (GD) depending on the extent of
the skin lesions, and their immunological responses differ
[3, 28].  The decrease in the mitogen-stimulated response of
peripheral blood mononuclear cells (PBMC) is more severe
in GD than in LD [3, 25].  Caswell et al. [5] reported that the
cell-mediated immune response may suppress the develop-
ment of GD.  Day [11] reported a possible decrease of T
cell-derived cytokines in dogs with GD.  Cytokines play an
important role in development of the immune response and
its regulation [4], and thus cytokine profiles contribute to the
effect of immunity level in the disease.  However, only a
decrease of interleukin (IL)-2 and IL-2 receptor expression
has been reported in canine demodicosis [21].

T helper 1 (Th1) cells produce IL-2 and interferon
(IFN)-γ [7, 9], whereas T helper 2 (Th2) cells produce IL-4,
IL-5 and IL-10 [9, 30].  Th1 and Th2 cells are regulated by
a mutual inhibition system [24].  These cells expand in sec-
ondary lymphoid tissues such as lymph nodes.  However, as
sampling from lymph nodes is risky and difficult for tempo-
ral studies, this approach is impractical.  It has been reported
that cytokine profiles in PBMC reflect those in the lymph

node [15, 22].  An imbalance between Th1 and Th2
responses in PBMC has been suggested in human diseases
[1, 30, 31].  These data from PBMC may be useful in small
animal veterinary practice, particularly as a clinical parame-
ter for monitoring the clinical course of canine demodicosis.
Apart from Th-type cytokines, tumor necrosis factor
(TNF)-α plays an important role in the inflammatory pro-
cess [32].  Transforming growth factor (TGF)-β is an anti-
inflammatory cytokine designated as Th3 [6], which sup-
presses the growth of Th1 and Th2 and also B cells [13].
The purpose of this study was to determine whether or not
cytokine mRNA expression is directly detectable in PBMC
ex vivo and to evaluate the cytokine profiles of dogs with
canine demodicosis.  It was anticipated that the results might
provide further understanding of the immune status in
canine demodicosis.

MATERIALS AND METHODS

Animals: Twenty-nine dogs were used in this study.  They
were grouped: 10 healthy dogs, 9 dogs with LD, and 10 dogs
with GD (Table 1).  The clinical diagnosis of demodicosis
was confirmed by the findings of increased numbers of
mites in skin scrapings.  Canine GD was defined as demod-
icosis involving at least 50% of the body.  In this study, dogs
less than 1 year old at the on-set of clinical signs were con-
sidered to have juvenile on-set demodicosis.  Dogs more
than 1 year old at the on-set of clinical signs were consid-
ered to have adult on-set demodicosis.  The cytokine mRNA
expression in three dogs (No. 22, 24, and 27) with GD was
examined when they had complete resolution of clinical
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signs under ivermectin treatment [32].
Cell preparation: Peripheral blood mononuclear cells

(PBMC) were isolated using Ficoll-Hypaque (Pharmacia,
Uppsala, Sweden) density gradient centrifugation.  The cells
were treated for 10 min with 17 mM Tris-HCL, containing
0.75% ammonium chloride (pH 7.2) to lyse any contaminat-
ing erythrocytes, and then were washed twice with phos-
phate-buffered saline (pH 7.4).  The PBMC were adjusted to
0.5 × 106 cells and then lysed under highly denaturing con-
ditions by use of a lysis buffer included in a commercial kit
(QIAamp RNA Blood Mini Kit, Qiagen).  They were then
preserved at �80°C until total RNA was isolated as
described below.

Total RNA extraction: Total RNA was isolated in a kit
following the manufacture's protocol.  Briefly, the lysed
PBMC was homogenized through a QIAshredderTM spin
column.  Ethanol was added to adjust binding conditions
and the sample was applied to the QIAamp spin column.
RNA bound to the silica-gel membrane during a brief cen-
trifugation step.  The contaminants were washed away and
total RNA was eluted in 100 µl of RNase -free water.

RT-PCR: We reverse-transcribed 10 µl of elution RNA
with murine reverse transcriptase following the manufac-
ture�s protocol (Ready To Go RT-PCR, Pharmacia).  The

suitability of the primers for PCR, and the appropriate con-
ditions, were established using RNA isolated from stimu-
lated canine PBMC (data not shown).  The primers used for
the PCR reaction are summarized in Table 2.  The sequences
for canine IFN-γ, IL-4, and IL-10 cDNAs were obtained
from the National Institute of Health�s Genbank.  Each
primer set was chosen to cover at least two different exons,
so that we could differentiate easily between amplified
mRNA and possible contaminating genomic DNA.  The
sequences for the other cytokines have already been pub-
lished.  We elected to amplify the mRNA encoding the
housekeeping protein glyceraldehyde-3-phosphate dehydro-
genase (GAPDH).  We performed PCR using the appropri-
ate cycles (1 min at 94°C, 1 min at 59.5°C for TNF-α and
TGF-β, or 1 min at 94°C then 1 min at 57°C, followed by
1.5 min at 72°C for the other cytokines) within the linear
amplification ranges as follows: 30 cycles for GAPDH, 40
cycles for TNF-α and TGF-β, and 45 cycles for the other
cytokines.  Samples from PCR reactions were separated by
electrophoresis through a 2.5% TAE agarose gel.  The gel
was stained with ethidiun bromide, and DNA was quantified
by densitometry (AE-6920WSE, ATTO, Japan).  Relative
levels of cytokine expression were compared with normal-
ized GAPDH transcripts and presented as the ratio of band

Table 1. Clinical details of dogs

Group Dog no. Breed Sex Age Age of on-set Other disease

1 Beagle M 4.5y � Undefined
2 Beagle M 4y � Undefined
3 Beagle M 4.5y � Undefined
4 Beagle M 7m � Undefined

Healthy 5 beagle M 3.5y � Undefined
6 Beagle M 7m � Undefined
7 Beagle F 7m � Undefined
8 Beagle M 3.5y � Undefined
9 Beagle F 3.0y � Undefined
10 Beagle F 4.5y � Undefined

11 Beagle F 14m 7m (juvenile) Undefined
12 Pomeranian M 12y 12y (adult) Undefined
13 Maltese M 16y 16y (adult) Hyperadenocorticism
14 Pembroke Welsh corgi F 5m 5m (juvenile) Undefined

LD 15 Pembroke Welsh corgi M 21m 5m (juvenile) Undefined
16 French bulldog M 6m 6m (juvenile) Undefined
17 Scottish terrier M 13y 10y (adult) Pyoderma
18 Shiba-inu F 7y 7y (adult) Undefined
19 Shiba-inu F 16m 15m (adult) Undefined

20 Shih Tzu M 8y 7.8y (adult) Pyoderma
21 Shih Tzu M 3.5y 3y (adult) Undefined
22 Shih Tzu MN 13y 4y (adult) Pyoderma
23 Siberian husky M 11y 11y (adult) Chronic renal failure

GD 24 Dalmatian F 7m 6m (juvenile) Undefined
25 Golden retriever F 6m 5m (juvenile) Undefined
26 Pembroke Welsh corgi F 4.5m 2m (juvenile) Undefined
27 Mongrel M 4m 2m (juvenile) Hypereosinophilia, Pyoderma
28 Mongrel F 6m 5m (juvenile) Hypereosinophilia
29 Tosa-inu M 10m 8m (juvenile) Pyoderma

Healthy, healthy control dogs; LD, localized demodicosis; GD, generalized demodicosis; M, male; MN, neutered male; F,
female; y, years; m, months.
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intensities of the cytokine RT-PCR amplification product
over the corresponding GAPDH RT-PCR product.

Statistical analysis: Statistical analysis was performed
using the Mann-Whitney U test.  A value of P<0.05 was
considered to be significant.  Results are expressed as the
mean ± standard deviation (SD).  Correlation coefficients
were determined using Pearson�s linear regression analysis.

RESULTS

As shown in Table 3, levels of expression of IFN-γ and
TNF-α mRNA in dogs with demodicosis were lower than
those in control dogs, although no significant difference in
IFN-γ expression was observed in dogs with GD.  In con-
trast, levels of IL-2 mRNA expression in dogs with LD were
higher than those in control dogs (P<0.05) or dogs with GD
(P<0.05).

Levels of IL-5 mRNA expression in dogs with demodico-
sis (LD or GD) were higher than those in control dogs
(P<0.05), whereas there were no significant differences in
IL-4 and IL-10 mRNA expression among the three groups.
In particular, the level of IL-5 mRNA (0.998 and 0.810,
respectively) in two dogs with eosinophilia was markedly
increased.  Levels of TGF-β mRNA expression in dogs with

GD were higher than those in control dogs and dogs with
LD (both P<0.01).  There was no significant difference in
mRNA expression between adult and juvenile onset cases.
We observed that there was no difference in mRNA expres-
sion between dogs with or without pyoderma accompanying
their demodicosis, although we did not confirm it because of
the small number of cases with pyoderma.

The duration of LD (7 ± 12 months) did not differ signif-
icantly from that of GD (12.9 ± 33 months).  There was a
mild correlation between disease duration and the expres-
sion of IFN-γ mRNA in dogs with demodicosis (LD and
GD) (r=0.46, P<0.05).  There was no statistically significant
correlation between disease duration and the expression of
other cytokine mRNAs.

Levels of IFN-γ mRNA expression increased in two of
three dogs with GD that showed complete resolution of the
clinical signs (Fig. 1A).  Levels of TNF-α mRNA expres-
sion in two dogs of the three were slightly decreased,
whereas that of dog No. 27 increased (Fig. 1B).  However,
these levels of TNF-α mRNA were still low compared with
control dogs.  The level of IL-2 mRNA expression increased
and that of IL-5 mRNA expression (Fig. 1C) decreased in all
three dogs.  TGF-β mRNA expression decreased slightly in
all three dogs (Fig. 1D), although the levels in two of them

Table 2. Sequence of primers for amplification of canine cytokine-gene transcripts

Primer set Product Reference

IFN-γ Sense 5�-CCAGATGTATCGGACGGTGG-3� 360 bp L24956*
Anti-sense 5�-TTATCGCCTTGCGCTGGACC-3�

IL-2 Sense 5�-GTGCGCCTATTACTTCAAGCTC-3� 345 bp [24]
Anti-sense 5�-GCTGTCTCGTCATCATATTC-3�

IL-4 Sense 5�-ATGGGTCTCACCTCCCAACTG-3� 399 bp AF187322
Anti-sense 5�-TCAATGCCTGTAGTATTTCTTC-3�

IL-5 Sense 5�-GGTGAAAGAGACCTTGGCAC-3� 305 bp [24]
Anti-sense 5�-CACTCGGTGTTCATTACACC-3�

IL-10 Sense 5�-TACCTGGGTTGCCAAGCCCT-3� 517 bp U33843
Anti-sense 5�-TTCACAGAGAAGCTCAGTAAAT-3�

TNF-α Sense 5�-CCAAGTGACAAGCCAGTAGC-3� 274 bp [14]
Anti-sense 5�-TCTTGATGGCAGAGAGTAGG-3�

TGF-β Sense 5�-TTCCTGCTCCTCATGGCCAC-3� 393 bp [14]
Anti-sense 5�-GCAGGAGCGCACGATCATGT-3�

GAPDH Sense 5�-GCCAAAAGGGTCATCATCTC-3� 229 bp [15]
Anti-sense 5�-GGCCATCCACAGTCTTCT-3�

* GenBank accession number.

Table 3. Average ratio of the cytokine/GAPDH mRNA expression and significance levels of their differences

IFN-γ IL-2 IL-4 IL-5 IL-10 TNF-α TGF-β

1. Healthy (n=10) 0.19 ± 0.18* 0.89 ± 0.24 0.07 ± 0.10 0.20 ± 0.18 0.35 ± 0.06 1.25 ± 0.22 1.21 ± 0.28
2. LD (n=9) 0.07 ± 0.10 1.14 ± 0.15 0.02 ± 0.07 0.42 ± 0.19 0.22 ± 0.19 0.55 ± 0.39 1.33 ± 0.22
3. GD (n=10) 0.09 ± 0.13 0.90 ± 0.21 0.08 ± 0.21 0.47 ± 0.31 0.27 ± 0.22 0.63 ± 0.37 1.72 ± 0.31

Significance (P)
1 vs. 2 <0.05 <0.05 NS <0.05 NS <0.01 NS
1. vs. 3 NS NS NS <0.05 NS <0.01 <0.01
2 vs. 3 NS <0.05 NS NS NS NS <0.01

* Mean ± SD; LD, localized demodicosis; GD, generalized demodicosis; NS, not significant.
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were still higher than in controls.

DISCUSSION

We were able to detect mRNA encoding canine cytokines
in PBMC directly ex vivo without in vitro stimulation.
Therefore, the present results provide a true indication of the
in vivo status of cytokine profiles in dogs with demodicosis.
The levels of IL-5 mRNA expression in dogs with LD and
GD were higher than those in control dogs.  In three dogs
with GD that showed complete resolution of the clinical
signs, the levels of IL-5 mRNA expression decreased and
were within the normal range.  These results suggest that the
increased level of IL-5 mRNA expression might have been
induced by Demodex mites and that the level of IL-5 mRNA
expression might be a useful clinical parameter for monitor-
ing the clinical course of GD.  In general, IL-4 and IFN-γ are
thought to be key indices of Th1 and Th2 activity, respec-
tively [24].  In this study, however, there was no significant
difference in the levels of IL-4 mRNA expression, perhaps
because of the very low detection level of IL-4 mRNA
expression in our system that might have masked any real
differences among the groups.  Although we failed to detect
any increase of IL-4 mRNA expression in dogs with demod-
icosis, our results suggest that IL-5 induces a Th2-like
response in infected dogs because IL-5 is produced by acti-
vated Th2 cells [9].

The levels of IFN-γ mRNA expression in dogs with LD
were lower than those in control dogs, although dogs with
GD showed no significant difference in this parameter from
controls or dogs with LD.  Therefore, the Th1-like response
seemed to be down-regulated in dogs with LD.  The Th1

response of the host is driven by bacterial stimuli [12],
whereas mice with disrupted IFN-γ genes show high sensi-
tivity to bacterial infection [10].  The duration of demodico-
sis was correlated with the level of IFN-γ  mRNA
expression, indicating that development of demodicosis
might increase the expression of IFN-γ mRNA.  However,
the incidence of pyoderma was not correlated with the dura-
tion of demodicosis nor the level of IFN-γ mRNA expres-
sion, considering that the clinical incidence of pyoderma
may be an index of bacterial infection.  Although the level
of IFN-γ mRNA expression may be decreased at an early
stage in both LD and GD, our results showed that IFN-γ
mRNA expression in dogs with GD did not differ from that
in control dogs.  On the other hand, Lemarie and Horohov
[21] have suggested that the Th1 response is decreased in
dogs with GD due to decreased IL-2 and IL-2 receptor
expression.  However, IL-2-deficient mice exhibit normal T
cell development and subset composition, whereas IL-2-/-

mice display markedly reduced in vitro T cell responses
[27].  Also, our results indicate that IL-2 mRNA expression
was normal in dogs with GD and was enhanced in dogs with
LD.  Even at an early disease stage when the Th1 response
might have been decreased, IL-2 mRNA expression did not
decrease.  Therefore, the Th1 response may decrease in dogs
with LD, and possibly in those with GD, due to decreased
production of IFN-γ rather than the IL-2 in vivo status.
However, the precise reason for the difference is still
unknown.

Tumor necrosis factor has theoretically evolved to pre-
serve cellular and biochemical homeostasis by participating
in tissue remodeling and the host defense response [33].
Our study revealed that the level of TNF-α mRNA expres-

Fig. 1. Interferon-γ (A), TNF-α (B), IL-5 (C) and TGF-β (D) mRNAs expression in PBMCs from three dogs with generalized demodicosis
(GD) that showed complete resolution of the clinical signs. Ratios between cytokine and GAPDH transcripts measured with AE-6920WSE
(ATTO, Japan) are shown for individuals.
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sion in dogs with LD and GD decreased.  In three dogs with
GD that showed complete resolution of the clinical signs,
the level of TNF-α mRNA expression varied, thus showing
that it is not a suitable clinical parameter for monitoring
canine demodicosis because the response does not always
reflect the clinical signs.  TGF-β mRNA expression in dogs
with GD was higher than in the other two groups.  The
importance of TGF-β in immunoregulation and tolerance
has been increasingly recognized [17�19, 26].  TGF-β
inhibits the effects and/or production of IFN-γ, TNF-α, IL-
2, and IL-2 receptor [13].  A high concentration of TGF-β
inhibits a variety of macrophage activities and plays an
important role in infection by parasites, such as Trypano-
soma cruzi [2].  The role of increased TGF-β mRNA expres-
sion in PBMC from dogs with GD remains to be further
characterized and might be complex.  However, increased
TGF-β mRNA expression may be associated with the
immunosuppression seen in dogs with GD [3, 20, 28].  It is
also possible that TGF-β might be secreted to protect cyto-
toxic immunity, such as that of CD8+ T cells [5].  The mech-
anism of LD and GD onset is still unclear; LD does not
always develop to GD.  TGF-β has multiple effects [13] and
thus its role in demodicosis is also unclear.  However, there
was a difference in the level of TGF-β mRNA expression
between LD and GD.  Further analysis of TGF-β in dogs
with GD may reveal differences in the mechanism of onset
between LD and GD.  Nevertheless, expression of TGF-β
mRNA is not a suitable clinical parameter for monitoring
canine demodicosis because it does not completely normal-
ize after complete resolution of the clinical signs.

In conclusion, we have been able to detect differences of
cytokine profiles in PBMC directly ex vivo without in vitro
stimulation in dogs with LD and GD.  We revealed that the
Th2-like response in PBMC from dogs with demodicosis
was up-regulated, and that IL-5 mRNA expression might be
a useful parameter for monitoring the clinical course.
Expression of TGF-β mRNA might be a key factor for
revealing differences in the mechanism of onset of demodi-
cosis.  A better understanding of cytokine profiles might
lead to new treatment strategies for dogs with demodicosis.
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