
REVIEWS

Calcineurin inhibitors in oral medicine
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Topically applied calcineurin inhibitors have been suggested to be of some benefit in the treatment of
immunologically mediated oral mucosal disorders, particularly oral lichen planus. This article reviews the
current evidence of the efficacy and safety of topical calcineurin inhibitor agents in the management of
different oral conditions. Current evidence suggests that topical tacrolimus and pimecrolimus may be of
benefit (at least in the short term) in the treatment of immunologically mediated oral mucosal disease,
especially oral lichen planus that has not responded to topical corticosteroids. Both tacrolimus and
pimecrolimus are minimally absorbed through the oral mucosa and give rise to few clinically significant
local or systemic adverse side effects. There is little evidence to indicate that topical cyclosporine is more
effective than topical corticosteroids for the treatment of immunologically mediated oral mucosal disease.
Currently, there is no objective evidence suggesting that topical tacrolimus or pimecrolimus increase the
risk of oral malignancy associated with oral lichen planus. There is a need for well-designed randomized
controlled trials to establish the precise efficacy of topical calcineurin inhibitors for the treatment of
immunologically mediated oral mucosal disease. ( J Am Acad Dermatol 2009;61:829-40.)
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C
alcineurin inhibitors are microbially derived
immunosuppressive that have been primar-
ily used in transplant medicine and in the

treatment of immune-mediated diseases. The princi-
ple agents are tacrolimus, pimecrolimus, and cyclo-
sporine. Calcineurin inhibitors bind to different
cytoplasmic proteins of T lymphocytes (cyclosporine
to cyclophilin; tacrolimus and pimecrolimus to
FK506-binding protein) to form complexes that in
turn inhibit calcineurin leading to suppression of
transcription and production of many cytokines.
Calcineurin inhibitors have been suggested to be of
clinical benefit in the management of some immu-
nologically mediated oral mucosal disorders.
However, there is much debate about their long-

term efficacy and safety and their advantage with
respect to conventional therapies. The current article
reviews current knowledge regarding the manage-
ment of oral mucosal diseases with this group of
agents. The aim is to help clinicians to decide when
to use calcineurin inhibitors, which agent is most
appropriate, and how to balance risk and benefit.

METHODS
MEDLINE (1966-December 2008), EMBASE (1980-

December 2008), and the Cochrane Database of
Systematic Reviews were searched using different
combinations of the following key terms: ‘‘calcineu-
rin inhibitors,’’ ‘‘tacrolimus,’’ ‘‘pimecrolimus,’’ ‘‘cyclo-
sporine,’’ ‘‘ciclosporin,’’ ‘‘oral medicine,’’ ‘‘oral mucosal
diseases,’’ ‘‘oral lichen planus’’ (OLP), ‘‘graft-versus-
host disease’’ (GvHD), ‘‘mucous membrane pemphi-
goid’’ (MMP), ‘‘pemphigus vulgaris,’’ ‘‘paraneoplastic
pemphigus,’’ ‘‘orofacial granulomatosis’’ (OFG), and
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‘‘oral Crohn disease.’’ The abstracts of the articles
were retrieved to exclude irrelevant studies and
the references hand searched for relevant articles
that had not appeared in the main search. A few non-
English-language abstracts
were included so as to in-
clude all the relevant articles
reporting adverse side effects
of calcineurin inhibitors in the
management of oral diseases.
Moreover, US Food and Drug
Administration (FDA) reports
on potential carcinogenic ef-
fects of topical tacrolimus and
pimecrolimus were included.

Mechanism of action of
the calcineurin inhibitors

In the normal immune re-
sponse, antigens presented
by the major histocompatibil-
ity complex to the T-cell re-
ceptor cause an elevation of
intracytoplasmic calcium that
binds to calmodulin, leading
to the activation of calcineu-
rin. The free calcium also
leads to synthesis of the nuclear factor of activated
T cells. Calcineurin (a protein phosphatase) dephos-
phorylates the cytoplasmic subunit of nuclear factor
of activated T cells that eventually binds to the
nuclear subunit.1 This cytoplasmicenuclear subunit
of nuclear factor of activated T cells complex facil-
itates transcription of many cytokines including
interleukin (IL)-2, IL-3, IL-4, tumor necrosis factor-
a, interferon-g, transforming growth factor-b, and
granulocyte-macrophage colony-stimulatory factor.
Calcineurin inhibitors interfere with this pathway by
inhibiting cytosolic calcineurin function hence re-
sulting in suppression of the generation of proin-
flammatory cytokines.1-4 Tacrolimus (FK506) and
pimecrolimus bind to intracellular FK506-binding
protein whereas cyclosporine binds to cytosolic
cyclophillin.5 These intracellular complexes eventu-
ally bind to calcineurin, inhibiting its phosphatase
activity. Tacrolimus also inhibits histamine release
and the de novo synthesis of prostaglandin D2 from
mast cells activated by IgE,6 whereas pimecrolimus
can inhibit mast cell cytokine, serotonin, and beta-
hexosaminidase release.2,4

Tacrolimus
Tacrolimus is a macrolide immunosuppressant

derived from Streptomyces tsukubaensis. It is a rela-
tively selective inhibitor of calcineurin and was

initially developed as a systemic agent to lessen
allograft rejection. Formulated for topical application
in the management of atopic dermatitis (AD), it was
approved in 2000 by the US FDA to be used in

moderate to severe AD for
patients older than 2 years.
Topical tacrolimus has proven
to beof benefit in the treatment
of other disorders including
cutaneous psoriasis, contact al-
lergy, corticosteroid-induced
rosacea, pyoderma gangreno-
sum, alopecia areata, mucocu-
taneous lichen planus, and
GvHD.1,7-11 Topical tacrolimus
is available in different concen-
trations (0.03%, 0.1%).
Systemic tacrolimus is substan-
tially less expensive and 10 to
100 times more potent than
cyclosporine,12,13 even though
relative potency of topical
preparations has never been
evaluated.

With regard to the man-
agement of oral mucosal dis-
eases, topical tacrolimus has

been reported to be effective in the treatment of
symptomatic OLP13-22 and desquamative gingivitis.23

Topical tacrolimus has also been reported to be
effective in the management of oral mucosal lesions
of GvHD,24-26 MMP,27-29 pemphigus vulgaris of the
lip,30 and the oral ulceration and labial enlargement
of OFG and oral Crohn disease.31,32

Oral lichen planus. T-cell activation is central
to the pathogenesis of lichen planus (OLP),33 hence
logically a blockage of calcineurin function might be
expected to lessen the severity of such disease. There
are now numerous reports of the efficacy of tacro-
limus in the management of OLP. Effectiveness has
been assessed via open-label prospective stud-
ies,13,16,22 randomized trials,34,35 retrospective stud-
ies,19,36 case series,17,18 and described in several case
reports.15,20,21 (Table I). Initial studies focused on
patients with symptomatic OLP that had not re-
sponded to topical corticosteroids or who were at
risk of adverse side effects from corticosteroids.
Rozycki et al18 reported retrospectively 13 patients
with OLP who had received topical tacrolimus for a
mean duration of 6.5 months. Eleven patients had
either complete resolution or partial improvement of
painful oral mucosal lesions within 4 weeks from the
start of the treatment although two patients showed
no response. Both 0.1% and 0.3% concentrations of
tacrolimus were able to induce complete healing of

CAPSULE SUMMARY:

d Topical application of calcineurin
inhibitors, in particular tacrolimus, may
be of some clinical benefit with no major
adverse effects in the management of
immunologically mediated oral mucosal
diseases.

d Topical tacrolimus and pimecrolimus can
be as effective as topical corticosteroids,
and can be used as a second-line
therapy, in patients who do not respond
to topical corticosteroids.

d There is little evidence to support the
use of topical cyclosporine in the
management of oral mucosal diseases.

d There is no objective evidence
supporting an increased risk of oral
malignancy in association with the use
of topical tacrolimus or pimecrolimus.
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