
FULL PAPER Internal Medicine
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ABSTRACT. Cyclosporine A (CsA) has been widely used for suppression of transplant rejection and controlling pruritus in allergic derma-
titis in humans, dogs and cats.  CsA is known to suppress the expression of inflammatory cytokines, including IL-2, IL-4, IFN-γ and
TNF-α in humans, dogs and experimental mice.  However, little is known about the immunomodulating effect of CsA in cats.  The aim
of this study was to evaluate the effects of CsA on the expression of inflammatory cytokines in feline peripheral blood mononuclear cells
(PBMC).  Real-time PCR analyses with Concanavalin A (ConA)-stimulated PBMC obtained from 5 cats revealed that the expression of
mRNAs for IL-2, IL-4, IFN-γ and TNF-α was inhibited by CsA in a dose-dependent manner.  Moreover, an enzyme-linked immunospot
(ELISPOT) assay, which is capable of detecting IL-2 secreting cells as single spots, revealed that the frequency of IL-2 secreting cells
in ConA-stimulated feline PBMC was significantly reduced in the presence of CsA.  These results might provide an explanation for the
mechanisms of action of CsA in the suppression of transplant rejection and the control of pruritus in cats.
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Cyclosporine A (CsA), a cyclic polypeptide metabolite
extracted from the fungus, Tolyplocadium inflatum Gams,
has been widely used both in human and veterinary medi-
cine.  Classically, CsA has been used as an immunosuppres-
sive agent in organ transplantation in humans and cats [2, 3,
12, 36].  Recently, CsA has been reported as an effective
drug for the long-term management of pruritus in human
and canine atopic dermatitis (AD) [10, 11, 22, 30].  In addi-
tion, several clinical trials have revealed that CsA is also
effective for controlling pruritus in feline skin diseases [21,
34].

The mechanism of action of CsA in modulating immuno-
logical processes has been characterized in humans [7, 25].
CsA permeates into target cells and binds to the cyclophil-
ins.  This cyclosporine-cyclophilin complex binds to cal-
cineurin, preventing nuclear factor of activated T cell
(NFAT) dephosphorylation and thereby inactivating the
transcription factor NFAT [17, 29].  Because NFAT dephos-
phorylation is essential for the transcription of a number of
cytokine genes, including IL-2, IL-4, IFN-γ and TNF-α
[25], the prevention of NFAT dephosphorylation suppresses
the transcription of these cytokines and inhibits activation of
various T cells, macrophages and B cells.  Notably, the sup-
pression of IL-2 expression by CsA is thought to play an
important role in T-cell-mediated immunological processes
in humans [7].  Recently, an inhibitory effect of CsA on
lymphocyte activation and expression of cytokine mRNA in

dogs has also been reported [15, 23, 31], while the transcrip-
tion of canine TNF-α was not inhibited by CsA, unlike the
situation in humans and mice [1, 8, 14, 15, 19, 35].  Con-
versely, although efficacy of CsA in inhibiting transplant
rejection and controlling pruritus in cats has been reported,
there have been no reports describing the mechanisms of
action of CsA on modulating immunological processes in
cats.  The aim of this study was to determine the effects of
CsA on mRNA expression and production of cytokines in
feline peripheral blood monocular cells (PBMC).

MATERIALS AND METHODS

Isolation of PBMC: Blood samples were collected from
cervical veins of 5 healthy cats under sedation with 10 µg/kg
medetomidine hydrochloride (Domitor®, Nippon Zenyaku
Kogyo, Fukushima, Japan.), injected intramuscularly.  10
ml blood samples were layered onto equal amount of Histo-
paque®-1077 (Sigma, St. Louis, MO), and centrifuged at
340 × g for 30 min at room temperature.  After the centrifu-
gation, PBMC were collected from the opaque interface just
below the plasma layer, and washed twice in phosphate-
buffered saline (PBS).  Residual red blood cells were
removed from PBMC with lysis buffer (7.5 g/l ammonium
chloride and 0.02 M Tris-HCl, pH 7.2) for 5 min with gentle
agitation.  The PBMC were further washed once in culture
medium {RPMI-1640 medium (Sigma) supplemented with
10% heat-inactivated fetal bovine serum (ICN Biomedicals,
Inc., Aurora, OH), 100 U/ml of penicillin and streptomycin,
and 0.25 µg/ml of amphotericin B (Gibco Invitrogen Co.,
Rockville, MD)}.  The number of viable cells in the suspen-
sion of PBMC was counted in a Bürkel-Türk chamber using
the trypan blue dye exclusion assay.

* CORRESPONDENCE TO: NISHIFUJI, K., Laboratory of Veterinary
Internal Medicine, Division of Animal Life Sciences, Institute of
Symbiotic Science and Technology, Graduate School, Tokyo
University of Agriculture and Technology, 3–5–8 Saiwai-cho,
Fuchu, Tokyo 183–8509, Japan.

   e-mail: kojimail@cc.tuat.ac.jp



K. KUGA, K. NISHIFUJI AND T. IWASAKI1012
Cytotoxicity assay: PBMC isolated from 3 healthy cats
were suspended in culture medium at a density of 2 × 106

cells/ml, duplicated in a 96 well tissue culture plate
(MICROTESTTM 96, FALCON, Oxnard, CA), and incu-
bated with CsA (10, 100 or 1,000 ng/ml; Sigma-Aldrich; St.
Louis, MO) in the presence of 5 µg/ml ConA (Nacalai
Tesque, Kyoto, Japan) for 24 hr at 37°C in humidified air
with 5% CO2.  After incubation, cell suspensions were
treated with Celltiter 96® Aqueous One Solution Cell Prolif-
eration Assay (Promega, Madison, WI).  The absorbance at
490 nm was measured with a Multiscan biochromatic plate
reader (Multiskan JX: Thermo Fisher Scientific, Waltham,
MA).  The survival rate of PBMC after incubation was cal-
culated using the following formula:

Survival rate = (Optical density (OD) of PBMC with CsA
stimulation—OD of culture medium/OD of PBMC without
CsA stimulation—OD of culture medium) × 100.

Isolation of total RNA from PBMC: PBMC isolated from
5 healthy cats were suspended in culture medium at a den-
sity of 2 × 106 cells/ml.  500 µl of the PBMC were incubated
with CsA (50, 150, 450 or 1350 ng/ml) in the presence of 5
µg/ml ConA at 37°C in humidified air with 5% CO2 for 10
hr.  ConA-stimulated PBMC were stored at –80°C until
RNA extraction.  Total RNA was extracted from PBMC
using an RNeasy® Plus Mini Kit (Qiagen, Valencia, CA)
according to the manufacturer’s recommendations.  The
extracted RNA was suspended in 30 µl of diethylphyrocar-
bonate (DEPC)-treated water, and used immediately for
two-step real-time PCR analysis or stored at –70°C.

Two-step real-time RT-PCR assay: Real-time RT-PCR
assay was performed to evaluate the effects of CsA on tran-
scription of IL-2, IL-4, IFN-γ and TNF-α genes in ConA-
stimulated PBMC obtained from 5 healthy cats.  Oligonu-
cleotide primers for the isolation of mRNA for feline IL-2,
IL-4, IFN-γ, TNF-α and glyceraldehydes-3-phosphate
dehidrogenase (GAPDH) were designed by the Primer
Express® software (Applied Biosystems, Foster City, CA),
according to previously reported nucleotide sequences of
the feline genome.  The nucleotide sequences of the primers
used, and GenBank accession numbers of the feline genome
are listed in Table 1.

First-stand cDNA synthesis and real-time PCR were per-
formed using a SuperScriptTM III Platinum® Two-Step qRT-
PCR Kit with SYBR® Green (Invitrogen Corp, Carlsbad,

CA).  The RT reaction mixture (28 µl of total RNA, 35 µl of
2 × RT Reaction Mix and 7 µl of RT Enzyme Mix) was
incubated at 25°C for 10 min, 42°C for 50 min and 85°C for
5 min.  Subsequently, 3.5 µl of Escherichia coli RNase H
were added to the RT reaction mixture and incubated at
37°C for 10 min to remove residual RNA.  The first-strand
cDNA was stored at –20°C until PCR amplification.  To
perform real-time PCR, PCR mixture (50 µl of mixture con-
taining 4 µl of cDNA, 1 µl of ROX Reference Dye, 25 µl of
Platinum® SYBR® Green qPCR SuperMix-UDG, 18 µl of
DEPC-treated water and 10 µM of forward and reverse
primers) in duplicate were analyzed using the 7300 Real
Time PCR System (Applied Biosystems, Foster city, CA).
The reaction was performed at 50°C for 2 min, 95°C for 10
min, followed by 40 cycles of 95°C for 15 sec and 60°C for
10 min.

A comparative (Ct) method was applied for the quantifi-
cation of each cytokine.  For each sample, the Ct values for
the target and endogenous reference (GAPDH) genes were
determined to calculate the relative transcription of the tar-
get mRNA against GAPDH mRNA.  Subsequently, ∆CT
was calculated to normalize the amount of sample mRNA
using the following formula:

∆CT = Ct value of the target cytokine — Ct value of
GAPDH

All samples were examined in duplicate and the mean
value of ∆CT was used for further analysis.  The amount of
mRNA for each cytokine was calculated by 2–∆CT.  The
mRNA expression of each cytokine was calculated using the
following formula:

Cytokine mRNA expression rate = (2–∆CT of sample with
CsA / 2–∆CT of sample without CsA) ×  100

Enzyme-linked immunospot (ELISPOT) assay: An
ELISPOT assay was performed to determine the frequency
of IL-2 secreting cells in feline PBMC using Feline IL-2
Development Module (R&D Systems, Minneapolis, MN).
Briefly, a polyvinylidene difluoride (PVDF)-bottomed 96-
well plate (Millipore, Beverly, MA) was pre-wet with 70%
ethanol and washed three times with PBS.  The plate was
then coated with 100 µl/well of a 1:60 diluted Feline IL-2

Table 1. Nucleotide sequences of the cytokine primers used for real-time RT-PCR

Cytokines Primer sequences (5’-3’) Product GenBank
length accession No.

IL-2 Forward: CGGTTGCTTTTGAATGGAGTTAA 65 bp L19402
Reverse: TTAAATGTGAGCATCCTGGAGAGTT

IL-4 Forward: CGTCTTGGCAGCCCCTAAG 59 bp U39634
Reverse: CGGTTGTGGCTCTGCAGAA

IFN-γ Forward: AGGAGCATGGACACCATCAAG 67 bp D30619
Reverse: CCCGTTTACTGGAGCTGGTATT

TNF-α Forward: CCGCTTTGCCGTTTCCTA 58 bp M92061
Reverse: AGGGCTCTTGATGGCAGAGA

GAPDH Forward: AAATTCCACGGCACAGTCAAG 61 bp AB038241
Reverse: TGATGGGCTTTCCATTGATGA
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Capture Antibody Concentrate (R&D Systems) overnight at
4°C.  The plate was washed three times with 0.05%
Tween®20 in PBS (PBS-T), blocked with blocking buffer
(1% BSA, 5% sucrose in PBS) at room temperature for 2 hr,
and rinsed once with culture medium.  PBMC isolated from
5 healthy cats were suspended in the culture medium at a
density of 5 × 105 cells/ml.  As the primary reaction, 200 µl/
well of the cell suspensions were incubated on the plate
with/without CsA (1000 ng/ml) in the presence of 5 µg/ml
ConA at 37°C in humidified air with 5 % CO2 for 16 hr.  The
plate was also incubated with PBMC without ConA as neg-
ative controls.  After the primary incubation, the plate was
washed 4 times in PBS-T, and incubated with 100 µl/well of
1:60 diluted Feline IL-2 Detection Antibody Concentrate
(R&D Systems) overnight at 4°C.  The plate was then
washed three times with PBS-T, and treated with 100 µl/
well of 1:60 diluted streptavidin-conjugated to alkaline
phosphatase (ELISpot Blue Color Module: R&D Systems)
at room temperature for 2 hr.  The plate was washed three
more times with PBS-T, rinsed with distilled water, and
incubated with 5-bromo-4-chloro-3’ indolylphosphate p-
toluidine salt/nitro blue tetrazololium chloride chromogen
solution (ELISpot Blue Color Module: R&D Systems) for
20 min.  IL-2 bound to the membrane was visualized as blue
spots, and the number of spots represents the number of IL-
2 secreting cells.  After rinsing of the plate with distilled
water and drying in air, the number of spots was counted
under a dissecting microscope.  The optimal dilutions of
coated antibody and secondary antibody were determined
using soluble recombinant human IL-2 (1 ng/well; R&D
Systems) as positive control.  All experiments were carried
out in duplicate and all results represent the mean of dupli-
cate values.

RESULTS

CsA shows no apparent cytotoxicity to feline PBMC: The
cytotoxity of CsA to feline PBMC was evaluated.  Incuba-
tion of the ConA-stimulated feline PBMC obtained from 3
healthy cats with 10–1,000 ng/ml of CsA did not alter the
survival rate of the feline PBMC compared with that of
PBMC cultured without CsA (Fig. 1).

CsA inhibits transcription of IL-2, IL-4, IFN-γ and TNF-
α genes in feline PBMC: The effects of CsA on the tran-
scription of genes for IL-2, IL-4, IFN-γ and TNF-α was
investigated using real-time PCR analysis.  Expression of
mRNAs for IL-2, IL-4, IFN-γ and TNF-α was reduced in a
dose-dependent manner when the feline PBMC were incu-
bated with serially-diluted CsA (Fig. 2).  The expression
levels of mRNAs for each cytokine were significantly lower
in PBMC incubated with ≥150 ng/ml of CsA than in those
incubated without CsA (Tukey-Kramer test, n=5, p<0.01).
The inhibition of mRNA expression of the cytokines
seemed to reach a plateau (≤32% of mRNA in PBMC with-
out CsA) when the PBMC were incubated with ≥450 ng/ml
of CsA.

CsA decreases the frequencies of IL-2 producing cells in

feline PBMC: Feline IL-2 ELISPOT assay was performed
with ConA-stimulated feline PBMC cultured with/without
CsA (1,000 ng/ml).  Positive spots were detected in PBMC
obtained from 5 cats in the presence and absence of CsA
(Fig. 3A, 3B).  However, the numbers of positive spots in
PBMC cultured with CsA (51.8 ± 22.5) were significantly
lower than in those without CsA (102.0 ± 33.8) (paired t-
test, n=5, p=0.0156) (Fig. 3C).

DISCUSSION

In this study, we found that CsA inhibited the transcrip-
tion of cytokine genes in feline PBMC.  The frequencies of
IL-2 producing cells were significantly decreased by the
presence of ≥450 ng/ml of CsA.  The cytotoxic effect of
CsA was negligible when feline PBMC were cultured with
≤1000 ng/ml of CsA.  A previous study demonstrated that
the maximum blood CsA concentration reached ≤1000 ng/
ml in cats given 5 mg/kg CsA orally [18].  Considering our
observations with the previous finding together, it is specu-
lated that oral CsA suppresses the transcription of genes for
cytokines, including IL-2, and thus contributes to immune
suppression and control of pruritus in feline patients.

IL-2, which is produced by various types of cells includ-
ing Th1 cells, plays central roles in the activation of the
inflammatory process by stimulating proliferation and dif-
ferentiation of T cells [13].  CD4+ and CD8+ T cells infiltrate
lesioned skin of cats with allergic dermatitis [28, 33].  On
the other hand, IL-4 produced in Th2 cells is known to dif-
ferentiate B cells into plasma cells, and IgE secreted by
these cells induces mast cell activation and release of chem-
ical mediators [13].  Involvement of IL-2 and IL-4 might be
important in the development of pruritus and cutaneous
lesions in feline allergic skin diseases, in which infiltration
of activated inflammatory T cells producing IL-4 are recog-
nized [27].  In addition, circulating allergen-specific IgE
was detected in approximately 50% of cats with AD,
although these IgE were undetectable in almost all healthy
cats (Kadoya M, personal communication).  Our findings

Fig. 1. CsA shows no apparent cytotoxicity in feline PBMC.
PBMC obtained from 3 healthy cats were incubated with seri-
ally-diluted CsA (10–1,000 ng/ml) in the presence of 5 µg/ml
ConA for 24 hr. Cytotoxicity assay was performed to deter-
mine the survival rate of PBMC. The dots and error bars repre-
sent mean and SD of survival rate of PBMC from 3 cats,
respectively.



K. KUGA, K. NISHIFUJI AND T. IWASAKI1014
raise the possibility that suppression of IL-2 and IL-4
expression contributes to control of pruritus in cats with
allergic skin diseases.

IFN-γ produced in Th1 cells is known to activate mac-
rophages and induce the release of inflammatory mediators
from macrophages in humans [13].  In human AD, IFN-γ is
reported to play a key role in the development of chronic
skin lesions [9, 16].  TNF-α is also an important cytokine for
the activation of macrophages.  In humans and dogs, TNF-α
is reported to play a major role in the pathogenesis of
chronic inflammatory diseases and autoimmune diseases
[13, 20, 24, 26].  The exact roles of IFN-γ and TNF-α in cats
remain to be further elucidated.

In this study, we used an ELISPOT assay, which has
recently emerged as a powerful tool to detect ongoing
cytokine expression in single mononuclear cells [4–6, 13,
32].  Our results indicate that frequencies of IL-2 producing
cells were significantly decreased by the presence of CsA,
although CsA did not completely inhibit IL-2 production in
feline PBMC at the concentration of 1,000 ng/ml.  Possible
explanation for the imcomplete inhibition of IL-2 produc-
tion is that 1000 ng/ml of CsA is not enough to inhibit cal-
cineurin activation completely, or that there are signaling
cascades other than calcineurin-NFAT dephosphorylation to
facilitate transcription of cytokine genes in feline mononu-
clear cells.  Further studies are expected to clarify the exact
role of transcription of cytokine genes in feline mononuclear
cells.

In conclusion, we have demonstrated that CsA inhibits
the transcription of cytokine genes for IL-2, IL-4, IFN-γ and
TNF-α in feline PBMC.  In addition, CsA causes a decrease
in the frequency of IL-2 producing cells, which are thought
to play central roles in the stimulation of both T helper cells
and cytotoxic T cells.  The results of this study will improve
understanding of the mechanisms of action of CsA in mod-
ulating the immunological process and help to improve the
clinical efficacy of suppression of transplant rejection and
control of pruritus in feline patients.

REFERENCES

  1. Andersson, J., Nagy, S., Groth, C. G. and Andersson, U. 1992.
Effects of FK506 and cyclosporin A on cytokine production
studied in vitro at a single-cell level. Immunology 75: 136–142.

  2. Bernsteen, L., Gregory, C. R., Kyles, A. E., Wooldridge, J. D.
and Valverde, C. R. 2000. Renal transplantation in cats. Clin.
Tech. Small. Anim. Pract. 15: 40–45.

  3. Borel, J. F., Feurer, C., Gubler, H. U. and Stahelin, H. 1976.
Biological effects of cyclosporine A: a new antilymphocytic
agent. Agents Actions 43: 179–186.

  4. Boulet, S., Ndongala, M. L., Peretz, Y., Boisvert, M. P., Bou-
lassel, M. R., Tremblay, C., Routy, J. P., Sekaly, R. P. and Ber-
nard, N. F. 2007. A dual color ELISPOT method for the
simultaneous detection of IL-2 and IFN-gamma HIV-specific
immune responses. J. Immunol. Methods 320: 18–29.

  5. Cox, JH., Ferrari, G. and Janetzki, S. 2006. Measurement of
cytokine release at the single cell level using the ELISPOT
assay. Methods 38: 274–282.

Fig. 2. Expression of mRNAs for IL-2, IL-4, IFN-γ and TNF-α in feline PBMC were suppressed by CsA. PBMC obtained from 5
healthy cats were incubated with serially-diluted CsA (10–1,350 ng/ml) in the presence of 5 µg/ml ConA for 10 hr. Two-step real-
time RT-PCR assay was performed in duplicate to evaluate the expression rates of mRNAs for IL-2, IL-4, IFN-γ and TNF-α. The
dots and error bars represent mean and SD of mRNA expression rates in PBMC from 5 cats, respectively. † denotes values that are
statistically different from the PBMC without CsA (Tukey-Kramer test, n=5, p<0.01). 



1015CYCLOSPORINE A AND FELINE CYTOKINES
  6. Dean, G. A., LaVoy, A. and Burkhard, M. J. 2004. Peptide
mapping of feline immunodeficiency virus by IFN-gamma
ELISPOT. Vet. Immunol. Immunopathol. 100: 49–59.

  7. Dos Reis, G. A. and Shevach, E. M. 1982. Effect of
cyclosporin A on T cell function in vitro: the mechanism of
suppression of T cell proliferation depends on the nature of the
T cell stimulus as well as the differentiation state of the
responding T cell. J. Immunol. 129: 2360–2367.

  8. Goldfeld, A. E., McCaffrey, P. G., Strominger, J. L. and Rao,
A. 1993. Identification of a novel cyclosporin-sensitive ele-
ment in the human tumor necrosis factor alpha gene promoter.
J. Exp. Med. 178: 1365–1379.

  9. Grewe, M., Bruijnzeel-Koomen, C. A., Schöpf, E., Thepen, T.,
Langeveld-Wildschut, A. G., Ruzicka, T. and Krutmann, J.
1998. A role for Th1 and Th2 cells in the immunopathogenesis
of atopic dermatitis. Immunol. Today 19: 359–361.

10. Griffiths, C. E., Katsambas, A., Dijkmans, B. A., Finlay, A. Y.,
Ho, V. C., Johnston, A., Luger, T. A., Mrowietz, U. and Thes-
trup-Pedersen, K. 2006. Update on the use of ciclosporin in
immune-mediated dermatoses. Br. J. Dermatol. 155 (Suppl. 2):

1–16.
11. Hijnen, D. J., ten Berge, O., Timmer-de Mik, L., Bruijnzeel-

Koomen, C. A. and de Bruin-Weller. M. S. 2007. Efficacy and
safety of long-term treatment with cyclosporin A for atopic
dermatitis. J. Eur. Acad. Dermatol. 21: 85–89.

12. Iwai, S., Endo, K., Hakamata, Y., Gregory, C. R. and Koba-
yashi, E. 2006. Use of nonpenetrating vascular closure staples
in feline renal transplantation. Microsurgery 26: 13–16.

13. Kenneth, M., Paul, T. and Mark, W. 2008. Immunology, 7th
ed., Garland Science, New York.

14. Kiani, A., Rao, A. and Aramburu, J. 2000. Manipulating
immune responses with immunosuppressive agents that target
NFAT. Immunity 12: 359–372.

15. Kobayashi, T., Momoi, Y. and Iwasaki, T. 2007. Cyclosporine
A inhibits the mRNA expressions of IL-2, IL-4 and IFN-
gamma, but not TNF-alpha, in canine mononuclear cells. J.
Vet. Med. Sci. 69: 887–892.

16. Leung, D. Y., Boguniewicz, M., Howell, M. D., Nomura, I.
and Hamid, Q. A. 2004. New insights into atopic dermatitis. J.
Clin. Invest. 113: 651–657.

17. Matsuda, S. and Koyasu, S. 2000. Mechanisms of action of
cyclosporine. Immunophamarcology 47: 119–125.

18. McAnulty, J. F. and Lensmeyer, G. L. 1999. The effects of
ketoconazole on the pharmacokinetics of cyclosporine A in
cats. Vet. Surg. 28: 448–455.

19. Nagai, H., Hiyama, H., Matsuo, A., Ueda, Y., Inagaki, N. and
Kawada, K. 1997. FK-506 and cyclosporin A potentiate the
IgE antibody production by contact sensitization with hapten in
mice. J. Pharmacol. Exp. Ther. 283: 321–327.

20. Nash, P. T. and Florin, T. H. 2005. Tumour necrosis factor
inhibitors. Med. J. Aust. 183: 205–208.

21. Noli, C. and Scarampella, F. 2006. Prospective open pilot
study on the use of cyclosporin for feline allergic skin disease.
J. Small. Anim. Pract. 47: 434–438.

22. Olivry, T., Rivierre, C., Jackson, H. A., Murphy, K. M., David-
son, G. and Sousa, C. A. 2002. Cyclosporine decreases skin
lesions and pruritus in dogs with atopic dermatitis: a blinded
randomized prednisolone-controlled trial. Vet. Dermatol. 13:
77–87.

23. Payne, J. A., Herrod, H. G. and Buice, R. 1986. The effect of
cyclosporine on canine lymphocyte activity. J. Clin. Lab.
Immunol. 20: 177–181.

24. Plevy, SE., Landers, CJ., Prehn, J., Carramanzana, NM.,
Deem, RL., Shealy, D. and Targan, S. R. 1997. A role for TNF-
alpha and mucosal T helper-1 cytokines in the pathogenesis of
Crohn’s disease. J. Immunol. 159: 6276–6282.

25. Rao, A., Luo, C. and Hogan, P. G. 1997. Transcription factors
of the NFAT family: regulation and function. Annu. Rev.
Immunol. 15: 707–747.

26. Ridyard, A. E., Nuttall, T. J., Else, R. W., Simpson, J. W. and
Miller, H. R. 2002. Evaluation of Th1, Th2 and immunosup-
pressive cytokine mRNA expression within the colonic mucosa
of dogs with idiopathic lymphocytic-plasmacytic colitis. Vet.
Immunol. Immunopathol. 86: 205–214.

27. Roosje, P. J., Dean, G. A., Willemse, T., Rutten, V. P. and
Thepen, T. 2002. Interleukin 4-producing CD4+ T cells in the
skin of cats with allergic dermatitis. Vet. Pathol. 39: 228–233.

28. Roosje, P. J., van Kooten, P. J., Thepen, T., Bihari, I. C., Rut-
ten, V. P., Koeman, J. P., and Willemse, T. 1998. Increased
numbers of CD4+ and CD8+ T cells in lesional skin of cats
with allergic dermatitis. Vet. Pathol. 35: 268–273.

29. Rovira, P., Mascarell, L. and Truffa-Bachi, P. 2000. The
impact of immunosuppressive drugs on the analysis of T cell

Fig. 3. (A) Detection of IL-2 secreting cells in feline PBMC by
an ELISPOT assay. Positive spots represent IL-2 secreting
cells. Note that the number of positive spots obtained from
feline PBMC with CsA is lower than that without CsA. (B)
Frequency of IL-2 secreting cells in feline PBMC was signifi-
cantly reduced by the presence of CsA. PBMC obtained from
5 healthy cats were incubated with/without 1,000 ng/ml of
CsA in the presence of 5 µg/ml ConA for 16 hr, and subjected
to the ELISPOT assay. Paired t-test was performed to analyze
the differences in frequencies of IL-2 secreting cells.



K. KUGA, K. NISHIFUJI AND T. IWASAKI1016
activation. Curr. Med. Chem. 7: 673–692.
30. Steffan, J., Favrot, C. and Mueller, R. 2006. A systematic

review and meta-analysis of the efficacy and safety of
cyclosporin for the treatment of atopic dermatitis in dogs. Vet.
Dermatol. 17: 3–16.

31. Takaori, K., Nio, Y., Inoue, K., Tun, T., Fukumoto, M., Hash-
ida, T., Yasuhara, M., Hori, R. and Tobe, T. 1992. A compara-
tive study on immunosuppressive effects of cyclosporin A and
FK 506 on peripheral blood lymphocytes in dogs. Biotherapy
4: 129–137.

32. Tanguay, S. and Killion, J. J. 1994. Direct comparison of
ELISPOT and ELISA-based assays for detection of individual
cytokine-secreting cells. Lymphokine. Cytokine. Res. 13: 259–
263.

33. Taqlinqer, K., Day, M. J. and Foster, A. P. 2007. Characteriza-
tion of inflammatory cell infiltration in feline allergic skin dis-
ease. J. Comp. Pathol. 137: 211–223.

34. Vercelli, A., Raviri, G. and Cornegliani, L. 2006. The use of
oral cyclosporin to treat feline dermatoses: a retrospective anal-
ysis of 23 cases. Vet. Dermatol. 17: 201–206.

35. Yoshimura, N., Matsui, S., Hamashima, T. and Oka, T. 1988.
Alloreactive suppressor T cells and cytokine (gamma-IFN,
interleukin 1, 2, and 3) production in cyclosporine- treated
mice. Transplant. Proc. 20: 1016–1024.

36. Yoshimura, N., Okamoto, M., Akioka, K. and Kaihara, S.
2004. Optimization of the use of cyclosporine in renal trans-
plantation. Transplant. Proc. 36: 181S–185S.


