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Abstract: Mast cells, the multi-functional secretory cells, are the pivotal effector cells in immune response, and contribute to the patho-
genesis of many diverse diseases, like asthma and mastocytosis, by releasing numerous proinflammatory mediators. Pimecrolimus (SDZ 
ASM 981) is a derivative of the macrolactam ascomycin and is a member of the calcineurin inhibitor class of immunosuppressors. It in-
hibits the calcineurin-dependent activation of nuclear factor of activated T cells and the expression of a number of proinflammatory cyto-
kines in turn. Pimecrolimus has high and selective anti-inflammatory activity within the skin, and with much lower potential to affect lo-
cal and systemic immune responses. Therefore it has been widely used for treatment of various inflammatory skin diseases. It has a cell-
selective mode of action, and mast cells are its specific target cells. Pimecrolimus inhibits the release of both preformed and de novo syn-
thesized mediators from activated mast cells and inhibits accumulation of mast cells by inducing apoptosis. Several experimental and 
clinical reports have demonstrated the successful application of pimecrolimus and other calcineurin inhibitors, such as tacrolimus and cy-
closporine A, to treat mastocytosis, a spectrum of disorders characterized by mast cell hyperplasia, especially cutaneous mastocytosis. 
These new findings suggest that pimecrolimus and other calcineurin inhibitors may be a novel and effective therapeutic approach for 
mast cell-associated diseases such as asthma and mastocytosis.  
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1. INTRODUCTION 

 Mast cells are multi-functional secretory cells, which are char-
acterized by numerous large cytoplasmic granules. Mast cells are 
found in almost all major organs and tissues of the body, especially 
near blood vessels and nerves and in proximity to surfaces that 
interface the external environment such as respiratory and gastroin-
testinal system and the skin. Mast cells in adults are derived from 
CD34+ hematopoietic progenitor cells of bone marrow and then 
migrate into the vascularized tissues. Upon stimulation, mast cells 
release various mediators, which can be mainly classified into three 
categories: a) the extracellular release of preformed mediators 
stored in the cytoplasmic granules, such as histamine, neutral prote-
ases, proteoglycans, and several cytokines and growth factors, by 
the process of degranulation; b) the synthesis and release of lipid 
mediators, such as prostaglandins and leukotrienes; and c) the de 
novo synthesis and secretion of cytokines, growth factors and 
chemokines [1, 2]. Moreover, stimulated mast cells also newly 
synthesize reactive oxide species, which play their role in regula-
tion of functions of mast cells and mast cell-dependent inflamma-
tory response [3]. The mediators released from mast cells not only 
directly contribute to the immune responses but also regulate the 
functions of other proinflammatory cells in the paracrine manner; 
their targets include T cells, eosinophils and dendritic cells. Mast 
cells play an important role in tissue homeostasis, wound healing, 
tissue remodeling, immediate hypersensitivity and inflammatory 
reactions, and host defense [1, 2]. Abnormal activation and hyper-
proliferation of mast cells contribute to the pathogenesis of many 
diverse diseases such as asthma and mastocytosis by releasing nu-
merous proinflammatory mediators [4, 5].  

 Pimecrolimus (SDZ ASM 981, Elidel®), a lipophilic molecule 
with a molecular weight of 810 Da, is the 33-epichloro-derivative 
of the macrolactam ascomycin (Fig. 1). Ascomycin was first iso-
lated as the fermentation product of Streptomyces hygroscopicus 
var. ascomycetus in early 1960’s, and its immunosuppressive prop- 
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erties were discovered in the 1980’s [6]. Pimecrolimus was synthe-
sized during the development process of this class of drugs [6]. 
Ascomycin macrolactams are immunophilin ligands that bind to a 
specific cytosolic receptor. Pimecrolimus binds with high affinity to 
macrophilin-12, which is also the intracellular receptor of tac-
rolimus (FK506) and known as FK506 binding protein. Like other 
calcineurin inhibitors, such as tacrolimus and cyclosporine A (CsA) 
(Fig. 1), binding of pimecrolimus with macrophilin-12 forms an 
inhibitory complex and then binds to calcineurin. Calcineurin is a 
cytoplasmic calmodulin-dependent serine/threonine protein phos-
phatase that is present in many types of cells, including lympho-
cytes, dendritic cells and mast cells. It is activated by the elevation 
of intracellular Ca2+ and is implicated in various Ca2+-dependent 
signal transduction pathways. The consequence of calcineurin acti-
vation is to dephosphorylate its cytosolic substrates, including nu-
clear factor of activated T cells (NFAT) [7]. NFAT is an important 
transcription factor responsible for transcription of a number of 
growth factors and inflammatory factors. NFAT molecules are 
heavily phosphorylated and reside in the cytoplasm as inactive form 
in resting cells. After dephosphorylation by activated calcineurin, 
they translocate from cytoplasm to the nucleus and in turn activate 
gene transcription of many cytokines, including interleukin (IL)-2, 
IL-3, IL-4, tumor necrosis factor-  (TNF- ), interferon- , trans-
forming growth factor- , and granulocyte-macrophage colony-
stimulatory factor [8]. Pimecrolimus inhibits this pathway through 
binding to macrophilin-12 to form inhibitory complexes that block 
the phosphatase activity of calcineurin and nuclear translocation of 
NFAT in turn, and then results in the suppression of the generation 
of proinflammatory cytokines. Other calcineurin inhibitor class of 
immunosuppressants, such as CsA and tacrolimus, suppress the 
immune response through the similar mechanism but CsA binding 
to different type of cytosolic immunophilin, cyclophilin [9].  

 Pimecrolimus has a cell-selective mode of action, and its spe-
cific target cells include T cells and mast cells [6, 10]. Pime-
crolimus inhibits T cell proliferation, activation and release of a 
number of growth factors and pro-inflammatory mediators at sub-
nanomolar concentrations in vitro, especially T-helper type-1 cell 
(TH1) and TH2 type cytokines [6, 10]. Topical pimecrolimus ap-
pears not to alter the morphology, phenotype, and the numbers of 
Langerhans cells (e.g., resident dendritic cells) in skins, whereas the 
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numbers of inflammatory DCs (e.g., inflammatory dendritic epi-
dermal cells and plasmacytoid dendritic cells) are reduced [11-14]. 
With numerous animal experiments and clinical studies, pime-
crolimus demonstrates the favorable pharmacological profile due to 
its highly lipophilic nature [6, 10]. Compared to corticosteroids and 
tacrolimus, topical pimecrolimus has high and selective anti-
inflammatory activity within skins, minimal percutaneous absorp-
tion and much lower potential to affect local and systemic immune 
responses. Furthermore, even with systemic administration pime-
crolimus also shows a lower potency for systemic immunosuppres-
sion compared to tacrolimus, although they bind to the same intra-
cellular receptor, macrophilin-12. Pimecrolimus, thus, combines 
high anti-inflammatory activity in skin with a low potential to im-
pair systemic immune reactions, which make it has been a prevalent 
alternative to topical corticosteroids for the treatment of a number 
of inflammatory skin diseases, including atopic dermatitis, allergic 
contact dermatitis, irritant contact dermatitis, psoriasis, lupus ery-
tematosus and vitiligo [15-17]. 

 In this review, we summarize the current knowledge on the 
effects of pimecrolimus on mast cells and associated molecular 
mechanisms. 

2. PIMECROLIMUS INHIBITS RELEASE OF MEDIATORS 

FROM ACTIVATED MAST CELLS 

 The activation of mast cells results in secretion of preformed 
mediators in their granules and the synthesis and secretion of lipid 

mediators and cytokines, and these released mediators carry out the 
effector functions of mast cells in immune response. Mast cells are 
one of the well-demonstrated specific targets of pimecrolimus. The 
inhibition of release of mediators from activated mast cells is the 
firstly identified activity of pimecrolimus to mast cells [6, 10]. Pi-
mecrolimus inhibited exocytosis of preformed mediators (e.g. sero-
tonin) with an IC50 of ~30 nM, and transcription and release of 
newly synthesized mediators (e.g. TNF- ) with an IC50 of 100 nM 
in the rat basophilic leukemia (RBL)-2H3 cell line stimulated by 
high affinity IgE receptor (Fc RI)-mediated activation, and the 
mechanism of action involved the formation of calcineurin inhibi-
tory complexes with macrophilin [18]. Pimecrolimus also inhibited 
the secretion of preformed mediator hexosaminidase from the mur-
ine mast cell line CPII activated by Fc RI crosslinking with an IC50 
of 26.7 nM. Meanwhile, it inhibited the cytokine release, such as 
IL-2, 4, 10 and interferon- , from stimulated T-cell clone 
CFTS4:3.1 cells with an IC50 of 0.2 to 0.42 nM and inhibited the 
proliferation of T cell stimulated via monocyte-derived dendritic 
cells, B cells or CD3 with an IC50 of 0.78 to 2.6 nM [19]. Preincu-
bation of primary cultured human dermal mast cells with pime-
crolimus showed a dose-dependent inhibition of anti-IgE-induced 
histamine release, whereas the spontaneous histamine release was 
not affected. The inhibitory capacity of pimecrolimus exceeded that 
of CsA and dexamethasone. The anti-IgE-mediated release of tryp-
tase was inhibited similarly with histamine by pimecrolimus. Al-
though the effects were less pronounced, the de novo generation of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Chemical structures of (A) ascomycin; (B) pimecrolimus; (C) tacrolimus; and (D) cyclosporine A. 
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leukotriene C4 was also inhibited. As with histamine and tryptase, 
TNF-  release from calcium ionophore/phorbol myristate acetate-
stimulated dermal mast cells was strongly inhibited by pime-
crolimus [20]. Moreover, as in mast cells, pimecrolimus also caused 
a strong inhibition of anti-IgE-induced histamine release from hu-
man basophils in a dose-dependent manner, while the spontaneous 
histamine release is not affected [20]. Other calcineurin inhibitors, 
such as CsA and tacrolimus, were also found to inhibit the release 
of preformed and de novo synthesized mediators from mast cells 
provoked by either stem cell factor, Fc RI cross-linking or calcium 
ionophore [18-22].  

 NFAT is one of the major transcription factors activated by 
calcineurin in stimulated mast cells, which is responsible for the 
production of various cytokines and growth factors [23]. As noted 
earlier, pimecrolimus, a calcineurin inhibitor, inhibits the activation 
of NFTA, and in turn the NFTA-dependent transcription of cytoki-
nes. This can interpret the pimecrolimus-mediated inhibition of the 
synthesis and release of some cytokines (e.g. TNF- ). However, the 
mechanisms for pimecrolimus inhibiting the release of the pre-
formed mediators (such as histamine) have not been demonstrated 
elaborately. Phosphatases are involved in IgE-dependent mast cell 
exocytosis [24]. Recently calcineurin was found being involved in 
regulating degranulation of mast cells. With the utility of a siRNA 
knockdown functional screen, calcineurin B, the regulatory subunit 
of calcineurin, was identified to play important role in regulating 
Fc RI-induced degranulation in murine mast cell line MMC-1. In 
the calcineurin-B-deficient cells, the protein kinase C activity and 
IgE/antigen-induced Erk and p38 phosphorylation were reduced, 
which may be implicated in calcineurin B knockdown-mediated 
inhibition of mast cell degranulation [25]. Calcineurin may regulate 
mast cell degranulation through affecting mitochondrial dynamics. 
In IgE/antigen-stimulated human umbilical cord blood–derived 
mast cells or substance P-stimulated human mast cell line LAD2 
cells, the secretion of preformed TNF was accompanied with mito-
chondrial translocation from a perinuclear location to exocytosis 
sites and elevated calcineurin activity, and these processes were 
calcium-dependent. Dynamin-related protein 1 (Drp1) is one of the 
most important regulators of both mitochondrial fission and trans-
location. Block of mitochondrial translocation with a Drp1 inhibitor 
mdivi-1 or siRNA for Drp1 caused significant inhibition of mast 
cell degranulation [26]. Drp1 is in the cytoplasm in an inactive form 
in resting cells, and dephosphorylation at Ser-637 by calcineurin is 
critical to recruit Drp1 from the cytoplasm to the mitochondrial 
outer membrane [27]. These results suggest that calcineurin may 
regulate mast cell degranulation via regulating mitochondrial trans-
location through controlling Drp1 dephosphorylation. Pimecrolimus 
may repress mast cell degranulation by inhibiting above cal-
cineurin-mediated activities, which needs to be studied further. 
Moreover, Narenjkar et al. [22] demonstrated in rat RBL-2H3 mast 
cell line that both CsA and tacrolimus inhibited anti-IgE-induced 
histamine and hexosaminidase release. They further found that such 
inhibitory activity was associated with two interrelated mecha-
nisms: interfering with membrane repolarization phase, which is 
essential for optimal mediator secretion, and reducing increase in 
intracellular free calcium concentration probably via inhibiting Ca2+ 
release from intracellular stores. Whether pimecrolimus inhibits the 
preformed mediators release by mast cells through the similar 
mechanisms needs to be verified in future. 

 Furthermore, in vivo experiments showed that topical applica-
tion of pimecrolimus induced skin mast cell degranulation tran-
siently through an indirect mechanism [28]. Balb/c mice were 
treated with 1% pimecrolimus cream or 0.1% tacrolimus ointment, 
and the release of substance P and calcitonin generated peptide 
from primary afferent nerve fibers in mouse skin was observed. The 
released neuropeptides bound to mast cells, and led to their de-
granulation. The released mast cell mediators, such as histamine 
and tryptase, may cause the initial side effects during therapy with 

pimecrolimus or tacrolimus, such as pruritus and burning. These 
results also suggest that the interactions of pimecrolimus and mast 
cells in vivo are complicated. 

3. PIMECROLIMUS CAUSES MAST CELLS DEPLETION 
BY INDUCTION OF APOPTOSIS 

 In atopic dermatitis patients receiving topical pimecrolimus, the 
numbers of skin-infiltrating T cells decreased significantly by the 
induction of apoptosis [13]. Recently, pimecrolimus was also 
shown to induce apoptosis of mast cells in vivo in a murine cutane-
ous mastocytosis model [29]. The murine model of cutaneous mas-
tocytosis was induced in Balb/c mice by subcutaneous injection of 
recombinant murine stem cell factor (rmSCF), the principal human 
mast cell growth factor, and pimecrolimus 1% cream was applied 
topically and daily. With pimecrolimus treatment, the severity of 
cutaneous mastocytosis was significantly reduced accompanied 
with sharply decreased cutaneous mast cell numbers compared with 
the mice receiving SCF alone, whereas the numbers of neutrophils 
were not affected. The possible mechanisms for the increased den-
sity of cutaneous mast cells caused by SCF administration may 
include stimulating proliferation of mast cells or progenitor cells 
resident in the skin or immigrating from the blood, enhancing im-
migration of mast cell progenitors, or reducing apoptosis of mast 
cells, and pimecrolimus may inhibit SCF-induced accumulation of 
mast cells through disturbing one or more of these processes. Pime-
crolimus was further shown to cause extensive apoptosis of cutane-
ous mast cells, which was demonstrated with in situ terminal de-
oxynucleotidyl transferase mediated dUTP nick-end labeling 
(TUNEL) assay [29]. These results suggest that pimecrolimus is 
capable to inhibit SCF-induced accumulation of cutaneous mast 
cells through the induction of apoptosis, which contributes to the 
improvement of cutaneous mastocytosis symptoms.  

 The mechanisms for pimecrolimus-induced mast cell depletion 
and apoptosis in vivo remain elusive. It has been reported that pi-
mecrolimus caused an almost complete disappearance of skin plas-
macytoid dendritic cells in patients with atopic dermatitis; however 
it did not alter the viability of cultured plasmacytoid dendritic cells 
in vitro, suggesting the indirect mechanisms were involved in vivo 
[14]. As pimecrolimus-mediated in vivo mast cells depletion and 
apoptosis, this drug may induce mast cells apoptosis either through 
the direct apoptosis-inducing activity or through indirect mecha-
nisms as it did to plasmacytoid dendritic cells. There have been 
several reports to study the effects and mechanisms of other cal-
cineurin inhibitors, such as tacrolimus and CsA, on the proliferation 
and survival of mast cells and their CD34+ progenitors in vitro, 
which may help to understand the effects and mechanisms of pime-
crolimus-mediated mast cells depletion and apoptosis.  

 Tacrolimus and CsA were found to inhibit directly the SCF 
dependent proliferation and survival of cultured mast cells through 
the in vitro induction of apoptosis [30]. SCF binds to its receptor, c-
Kit, and stimulates the differentiation and proliferation of mast cells 
from CD34+ cells. SCF also promotes chemotaxis, adhesion and 
activation of mast cells. Furthermore, it enhances the survival of 
mast cells by inhibiting apoptosis [31]. The survival and prolifera-
tion of murine mast cell line MC/9 were dependent on both IL-3 
and SCF. The addition of SCF in the absence of IL-3 maintained 
MC/9 cell survival but no cell proliferation was detected. The com-
bined addition of IL-3 and SCF to the culture medium resulted in a 
stronger MC/9 cell proliferation than the addition of IL-3 alone. 
Tacrolimus and CsA were found to inhibit the SCF dependent, but 
not the IL-3 dependent stimulatory effects on MC/9 cell prolifera-
tion/survival through inducing apoptosis directly. However, SCF-
mediated signal transduction in MC/9 cells, including c-Kit tyrosine 
phosphorylation and MAP kinase nuclear translocation, were not 
affected by tacrolimus or CsA treatment [30]. Concluded, cal-
cineurin inhibitors can selectively inhibit SCF-dependent mast cell 
proliferation/survival and induce mast cell apoptosis, but only some 
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of the SCF-mediated signaling pathways were affected by these 
drugs.  

 Fc RI-dependent stimulation not only causes the release of 
various mediators and gene expression but also enhances mast cells 
survival, and the latter process is mediated by the upregulated anti-
apoptotic Bcl-2 family member A1/Bfl-1 gene. Ullerås et al. [32] 
reported that Fc RI-mediated activation induced A1 gene expres-
sion, and it was regulated by the calcineurin/NFAT pathway. CsA 
was found to reduce Fc RI-mediated mast cells survival through 
inhibition of calcineurin/NFAT pathway and subsequent reduced 
A1 protein expression. The calcineurin/NFAT pathway also plays 
important roles in regulating proliferation and differentiation of 
CD34+ cells, which include also the mast cell progenitors. The in 
vitro proliferation of CD34+ cells cultured in the presence of FMS-
like tyrosine kinase 3 ligand, SCF, granulocyte macrophage-colony 
stimulating factor (GM-CSF), IL-3, and G-CSF was profoundly 
inhibited by treatment with CsA in a dose-dependent manner [33]. 
This means calcineurin inhibitors may reduce SCF-mediated mast 
cell accumulation by the inhibition of proliferation of their progeni-
tors. 

 Another possible indirect mechanism for pimecriolimus-
induced mast cells depletion and apoptosis may be associated with 
the growth factor withdrawal effects due to T cell apoptosis induced 
by pimecrolimus [13]. The accurate and detailed effects and 
mechanisms of pimecrolimus-mediated mast cell depletion and 
apoptosis, however, needed to be further verified both in vivo and in 
vitro. 

 The calcineurin/NFAT pathway has recently been implicated in 
regulating cell cycle, survival, proliferation and apoptosis. It plays 
an important role in regulation of proliferation of a number of types 
of leukemia and solid tumors. Inhibition of this pathway leads to 
reduce them proliferation and apoptosis, which may present a novel 
therapeutic target for human malignancies [34]. In NFATc3-
deficient mice, the rate of apoptotic thymocytes was significantly 
increased [35]. The calcineurin/NFAT pathway directly regulates 
the expression of a number of genes associated to cell cycle control 
and proliferation, and its important roles in regulating cell cycle 
progression, especially G1/S checkpoint, have been well verified. 
Interference of this pathway with calcineurin inhibitors was found 
to inhibit proliferation and induce apoptosis in a number of types of 
cells. In a human pancreatic cancer cell line Panc-1, inhibition of 
calcineurin/NFAT pathway with CsA or siRNA-mediated knock-
down of NFATc1 led to the block of the cell cycle progression and 
anchorage-independent cell proliferation [36]. In the cell lines de-
rived from B cell lymphoma and T cell acute lymphoblastic leuke-
mia the NFAT activation was increased, which was inhibited by 
CsA and tacrolimus, and CsA treatment inhibited the cell cycle 
progression and induced apoptosis of these cell lines. CsA or tac-
rolimus treatment also inhibited leukemia regression by reduced 
tumor cell proliferation via induction of apoptosis in the mouse 
xenotransplant models of human T-cell lymphoma in vivo [37, 38]. 
The proliferation of pancreatic -cells was also inhibited by tac-
rolimus through induction of apoptosis. Further studies show that 
PI3K/Akt pathway and D-cyclins expression, the downstream tar-
gets of calcineurin, were repressed [39]. The activities of D-
cyclin/cyclin-dependent kinase (Cdk) complexes are critical to cell 
cycle progression from G1 to S phase and cell proliferation, and 
their expression is directly regulated by the calcineurin/NFAT 
pathway [40]. Recently calcineurin/NFAT pathway was also found 
to be involved in TNF- -induced apoptosis of human neuroblas-
toma cell line SK-N-MC [41]. These results suggest that theoreti-
cally, pimecrolimus, the selective calcineurin inhibitor, may be 
capable to inhibit mast cell survival/proliferation and induce mast 
cell apoptosis through inhibiting the calcineurin/NFAT pathway. 

 Calcineurin also showed apoptotic activity in some studies, in 
which it induced Ca2+-triggered apoptosis of mammalian cells in 
the absence of growth factors [42]. The mechanism for calcineurin-

induced apoptosis is via dephosphorylation of BAD, a pro-apoptotic 
factor and member of the Bcl-2 family. Upon activation, calcineurin 
dephosphorylated BAD, which subsequently translocated from 
cytosol to mitochondria. BAD bound Bcl-X2 to form the heterodi-
mer in mitochondria and then triggered apoptosis. Calcineurin in-
hibitors inhibited the calcineurin-induced BAD translocation and 
apoptosis [43]. In a vulvar lichen sclerosus patient after two months 
of topical pimecrolimus treatment, the number of apoptotic p53 
immunopositive keratinocytes decreased, and anti-apoptotic Bcl-2 
expression was increased, which suggests that pimecrolimus ap-
pears to repress but not induce apoptosis in keratinocytes [44]. 
These results suggest that the roles of the calcineurin/NFAT path-
way for apoptosis are cell type specific, and the effects of pime-
crolimus on cell proliferation and apoptosis vary in different types 
of cells or under diverse pathophysiological status. 

4. APPLICATION OF PIMECROLIMUS AND OTHER 
TOPICAL CALCINEURIN INHIBITORS IN TREATMENT 

OF MASTOCYTOSIS 

 Mastocytosis represents a spectrum of clinical disorders charac-
terized by mast cell hyperplasia in various organs [5, 45]. The skin 
is the organ most commonly affected by mastocytosis, which is 
termed cutaneous mastocytosis. Other types of mastocytosis include 
systemic mastocytosis, mast cell sarcoma, and extracutaneous mas-
tocytoma (Table 1) [46]. The excessively accumulated mast cells 
secrete multiple mediators that cause the clinical symptoms of cuta-
neous mastocytosis. The current treatment of cutaneous mastocyto-
sis is mainly symptomatic and directed towards the skin lesions and 
systemic signs caused by the release of mast cell mediators [47, 48]. 
Pimecrolimus and other topical calcineurin inhibitors (such as tac-
rolimus) not only inhibit the release of these mediators but also 
repress mast cell proliferation by inducing apoptosis. When com-
bined with their favorable pharmacological profile, the available 
data suggest that this class of drugs may be the novel effective 
therapeutic candidates for cutaneous mastocytosis, and possibly 
also for other types of mastocytosis.  

Table 1. Classification of Mastocytosis 

Cutaneous mastocytosis 

 Urticaria pigmentosa 

 Typical 

 Plaque form 

 Nodular form 

 Telangiectasia macularis eruptiva perstans 

 Diffuse cutaneous mastocytosis 

 Mastocytoma of skin 

Systemic mastocytosis (SM) 

 Indolent SM  

 SM with an associated clonal hematologic non-mast cell 

lineage disease 

 Aggressive SM 

 Mast cell leukemia 

Mast cell sarcoma 

Extracutaneous mastocytoma 
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 So far, there are only very limited data on the use of pime-
crolimus in treatment of cutaneous mastocytosis. Telangiectasia 
macularis eruptiva perstans (TMEP) is a rare form of cutaneous 
mastocytosis that occurs exclusively in adults. One TMEP patient 
was successfully treated with topical application of pimecrolimus 
[49]. Recently, Correia et al. [50] reported two pediatric cutaneous 
mastocytosis cases treated with topical pimecrolimus. Two patients, 
a 14-month-old girl and a 26-month boy, with localized cutaneous 
erythematous lesions with positive Darier sign, a prevalent clinical 
sign for pediatric cutaneous mastocytosis, were treated with pime-
crolimus cream twice daily combined with oral antihistamine 
loratadine. The dense mast cell infiltrate with perivascular and in-
terstitial location was observed with the punch skin biopsy in pa-
tients at diagnosis. In both patients the almost complete response 
was achieved after four months of treatment, and no recurrence was 
observed after four years and two years follow-up, respectively. 
However, the changes of mast cells numbers before and after treat-
ment were not evaluated in these studies. They also treated four 
more children with urticaria pigmentosa using pimecrolimus cream 
and oral antihistamine and significant improvement was observed 
three months after treatment [50]. In a murine model of cutaneous 
mastocytosis, topic application of pimecrolimus 1% cream daily for 
ten days significantly reduced the clinical signs of cutaneous mas-
tocytosis, including erythema, wheal after rubbing lesion skins and 
increased thickness of skin, and the numbers of cutaneous mast 
cells and the levels of skin histamine were reduced after treatment 
[29]. The inhibitory effect of pimecrolimus on skin histamine levels 
appears to be due to its combined suppressive effects on both mast 
cell accumulation and mast cells degranulation. These combined 
clinical and experimental studies suggest that pimecrolimus may be 
an effective candidate to treat cutaneous mastocytosis. 

 There have been also several reports to apply other calcineurin 
inhibitors, such as tacrolimus and CsA, to treat mastocytosis. Fujino 
et al. [51] first reported the tacrolimus-mediated inhibition of intes-
tinal mastocytosis induced by the infection of trematode Echi-
nostoma trivolvis (Platyhelmintes: Trematoda) in C3H mouse 
strain. Repressed intestinal mastocytosis was also observed with 
CsA treatment in worm-infected rats [52]. In systemic mastocytosis 

patients, CsA combined with glucocorticoid demonstrated good 
clinicopathological response [53, 54]. Yoko et al. [55] successfully 
applied tacrolimus ointment to treat adult-onset mastocytosis of a 
64-year-old woman. The patient received oral administration of 
leukotriene antagonist and local narrow-band UV-B or tacrolimus 
ointment. Compared with the UV-B irradiation therapy, topical 
tacrolimus treatment appeared more preferable. More interestingly, 
they also found that the number of mast cells infiltrating in the skin 
lesion was reduced. This observation is consistent with the results 
in murine cutaneous mastocytosis model treated with pimecrolimus 
[29], which indicates that topical calcineurin inhibitors may cause 
deletion of cutaneous mast cells during treatment of mastocytosis. 
Diffuse cutaneous mastocytosis is a rare form of mastocytosis, in 
which there are loosely arranged mast cells throughout the dermis, 
with subepidermal edema leading to vesiculobullous lesions. 
Bullous mastocytosis is a form of diffuse cutaneous mastocytosis 
that typically arises during the early stages of life. Tacrolimus 0.1% 
ointment was used to treat a bullous mastocytosis patient and the 
improvement was obtained [56].  

 However, in atopic dermatitis patients or atopic dermatitis ani-
mal models the numbers of cutaneous mast cells were not affected 
by pimecrolimus or tacrolimus treatment, whereas they inhibit the 
release of mast cell mediators. In atopic dermatitis patients treated 
with pimecrolimus 1% cream twice daily for three weeks, the der-
mal infiltration of T cells, B cells and eosinophils were significantly 
decreased, whereas the numbers of skin mast cells were not 
changed [57]. Similar results were obtained in atopic dermatitis 
patients receiving tacrolimus 1% ointment [58]. In a murine atopic 
dermatitis model, the skin mast cell numbers were not affected by 
either topical tacrolimus treatment or oral CsA treatment, whereas 
the ratio of degranulated mast cells was reduced [59]. Moreover, in 
a murine model of immediate hypersensitivity reactions, the num-
bers of skin mast cells were not significantly changed with topical 
tacrolimus, although the percentage of degranulated mast cells de-
creased in the tacrolimus-treated group. The TUNEL staining indi-
cated that there were no apoptotic mast cells in the foot skin of 
tacrolimus-treated mice [60]. These results indicate that pime-
crolimus and other calcineurin inhibitors seem to have no effects on 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Mast cell as a target of pimecrolimus (PIM). PIM binds to its specific intracellular receptor macrophilin-12 (MP12) to form inhibitory complexes that 
block the phosphatase activity of calcineurin, and then the calcineurin-mediated dephosphorylation and nuclear translocation of nuclear factor of activated T 
cells (NFAT) are blocked, which leads to the inhibition of cytokine synthesis and release. PIM also inhibits degranulation of activated mast cells and induces 
mast cells apoptosis through unknown mechanisms.  
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the numbers of mast cells in the above mentioned diseases or dis-
ease models, which is in discordance with their effects in mastocy-
tosis. We propose the hypothesis that the observed effects may be 
explained by differential effects of calcineurin inhibitors hyperpro-
liferative mast cells induced by SCF [30] but not act on the hyper-
active mast cells induced by the allergens. Future scaled-up clinical 
studies should verify, whether the above hypothesis is correct or 
not. 

5. SUMMARY 

 Mast cells are a specific target of pimecrolimus, and the activi-
ties of pimecrolimus on mast cells include inhibition of release and 
synthesis of mediators, repression of SCF-dependent prolifera-
tion/survival, and induction of apoptosis; however, the underlying 
molecular mechanisms need to be studied thoroughly (Fig. 2). A 
number of experimental and clinical studies have demonstrated the 
successful treatment of mastocytosis with pimecrolimus and other 
topical calcineurin inhibitors, but the more comprehensive basic 
and large-scale randomized placebo-controlled clinical studies are 
required to further verify the roles of pimecrolimus in the treatment 
of mast cell-associated disease, such as mastocytosis and other mast 
cell-associated leukemia. Finally, it is important to note that the 
effects and mechanisms of pimecrolimus on mast cells are more 
complicated than what have been understood, since there are nu-
merous downstream substrates other than NFAT regulated by cal-
cineurin and a number of signal transduction pathways cross-talked 
with Ca2+/calmodulin/calcineurin pathway [7].  
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