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mus treatment decreased the numbers of MCs but not neu-
trophils. Extensive apoptosis of cutaneous MCs was ob-
served in pimecrolimus-treated mice. The cutaneous hista-
mine level was elevated in the mice with CM compared with 
healthy controls, and was lowered after treatment with 
pimecrolimus.  Conclusions:  Pimecrolimus effectively treats 
CM by reducing the density of cutaneous MCs and the sub-
sequent histamine production through inducing MCs apop-
tosis.  Copyright © 2010 S. Karger AG, Basel 

 Background 

 Mastocytosis is a disease characterized by increased 
numbers of mast cells (MCs) in various organs, particu-
larly in cutaneous tissue, which is termed cutaneous mas-
tocytosis (CM)  [1] . It presents as red-brown macules, pap-
ules or plaques on the skin that often develop wheals, er-
ythema and pruritus after stroking or rubbing the lesions, 
i.e. Darier’s sign. MCs secrete multiple mediators, includ-
ing histamine, heparin, serine proteases, lipid-derived 
mediators, and cytokines, which cause the clinical signs 
of CM  [2] . Stem cell factor (SCF) is the principal human 
MC growth factor. It binds to its receptor, KIT, and stim-
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 Abstract 

  Background:  Cutaneous mastocytosis (CM) is a common 
type of mastocytosis. Current treatment of CM is generally 
symptomatic. Pimecrolimus has been demonstrated as an 
effective anti-inflammatory drug for the treatment of in-
flammatory skin diseases, but whether it treats CM remains 
unknown.  Methods:  The murine model of CM was induced 
by subcutaneous injection of 100  � g/kg recombinant mu-
rine stem cell factor (rmSCF) for a total of 17 days in Balb/c 
mice. Beginning on the 8th day, treatment with pimecroli-
mus 1% cream or vehicle was performed topically and daily 
for 10 days. The clinical signs of CM were scored, and patho-
logical analysis was performed with toluidine blue staining 
and hematoxylin and eosin staining. The in situ apoptotic 
mast cells (MCs) were studied by terminal deoxynucleotidyl 
transferase-mediated dUTP nick-end labeling assay. The cu-
taneous histamine level was measured by ELISA.  Results:  In 
the rmSCF-treated mice, the clinical signs of CM, including 
erythema, wheal after rubbing lesion skins, and increased 
thickness of skin, were obvious compared to control mice, 
and were reduced after pimecrolimus treatment. The num-
bers of cutaneous MCs and neutrophils were significantly 
greater in mice with CM than in control mice, and pimecroli-
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ulates the differentiation and proliferation of MCs from 
CD34 +  cells. It also promotes chemotaxis, adhesion, acti-
vation, and the survival of MCs by inhibition of apoptosis 
 [3] . Longley et al.  [4]  showed that SCF levels in the dermis 
and epidermal keratinocytes were significantly elevated 
in patients with CM. Increased expression of SCF was 
also found in patients with indolent systemic mastocyto-
sis  [5] . Activation mutations of  c-kit  lead to constitutive 
autophosphorylation of the SCF receptor KIT and, in 
turn, the uncontrolled growth and survival of MC and 
other SCF-mediated physiological functions. Such muta-
tions of KIT have been demonstrated in patients with 
mastocytosis, including CM, and have been considered as 
the best-recognized molecular marker of mastocytosis 
 [6] . These results indicate that overactivation of the SCF/
KIT pathway by either overexpression of SCF or activa-
tion mutations of KIT plays an important role in the 
pathogenesis of mastocytosis  [2] .

  The current treatment of CM is mainly symptomatic 
and directed towards the skin lesions and systemic signs 
caused by the release of MC mediators but does not change 
the underlying cause of the disease: aberrant numbers of 
MCs. Mainstay treatments include avoidance of trigger 
factors, application of agents, such as MC stabilizers, H1 
and H2 receptor antagonists, corticosteroids, and pso-
ralen-UVA photochemotherapy  [7] . Since the SCF/KIT 
pathway is the principle regulator of MCs, inhibition  of  
this  pathway  should  theoretically  be effective in the treat-
ment of mastocytosis. Recently, several tyrosine kinase 
inhibitors that inhibit the kinase activity of KIT have been 
shown to inhibit proliferation and mediator release of 
neoplastic MCs in vitro and to have a positive clinical re-
sponse in patients with mastocytosis  [8–10] .

  Pimecrolimus (SDZ ASM 981) is the 33-epichloro-de-
rivative of the macrolactam ascomycin and a specific cal-
cineurin inhibitor [reviewed in references  11, 12 ]. Its spe-
cific target cells include T cells and MCs. Pimecrolimus 
inhibits T cell proliferation, activation and release of 
growth factors and pro-inflammatory mediators. It also 
blocks the release of mediators from MCs. Pimecrolimus 
combines high anti-inflammatory activity in skin with a 
low potential to impair systemic immune reactions, 
which makes it the first alternative to topical corticoste-
roids for the treatment of a number of inflammatory skin 
diseases, including atopic dermatitis, allergic contact der-
matitis, irritant contact dermatitis and vitiligo. 

  In the present work, we tested the effects of pimecro-
limus on a murine model of CM and found that it effec-
tively treats CM by inducing cutaneous MC apoptosis in 
vivo.

  Methods 

 Induction of a Murine CM Model and Treatment with 
Pimecrolimus 
 The murine CM model was induced in female Balb/c mice (6–8 

weeks of age; The Jackson Laboratory) by s.c. injection of recom-
binant murine SCF (rmSCF) according to the protocol described 
before with modifications  [13] . Three groups were included: 
healthy control group; rmSCF group, and rmSCF with pimecroli-
mus treatment group (10 mice were used for each group). Briefly, 
mice received daily s.c. injection of rmSCF (Peprotech) at 100  � g/
kg for a total of 17 days. The control group received saline vehicle. 
Starting on the 8th day, mice receiving rmSCF were treated daily 
with topical pimecrolimus 1% cream (Elidel � ) or vehicle (Novar-
tis) close to the injection sites for 10 days. Twenty-four hours after 
the last treatment with pimecrolimus, the skin tissues surround-
ing the injection sites were cut off for pathological study and the 
measurement of histamine levels. All animal use procedures were 
approved by the Los Angeles Biomedical Research Institute Ani-
mal Care and Use Committee at Harbor-UCLA Medical Center.

  Quantification of Clinical Signs of CM 
 The clinical signs of CM of each mouse, including erythema, 

wheals after rubbing skin, and inflammation (thickness of skin 
fold), were assessed daily by a blinded investigator. The severity 
of CM was quantified by measuring severity of erythema, wheals 
and thickness of skin (0–2 for each category), and it was respec-
tively graded by adding numbers 0–2 from each category. The 
least severe skin condition was recorded as ‘0’ and the most severe 
skin condition was recorded as ‘6’. The assessment of clinical signs 
in each mouse was performed 24 h after the last treatment with 
pimecrolimus.

  Skin Pathological Analysis 
 To reveal cutaneous MCs and inflammatory cells, toluidine 

blue and H&E staining  was performed, respectively. The num-
bers of MCs, neutrophils and eosinophils were obtained by the 
independent observer.

  In situ Apoptosis by TUNEL Assay 
 To study in situ apoptosis of cutaneous MCs, the skin samples 

were studied with terminal deoxynucleotidyl transferase-mediat-
ed dUTP nick-end labeling (TUNEL) assay using the ApopTag Kit 
(Oncor). The slides were counterstained with methyl green. The 
apoptotic MCs were counted as described above. 

  Measurement of Histamine Levels in Skin 
 The frozen skin tissue was smashed, sonicated and centri-

fuged at 10,000  g  and 4   °   C for 30 min. The amount of total proteins 
in the supernatant was determined using DC Protein Assay Kit 
(Bio-Rad). The histamine levels in the supernatant were measured 
using Histamine EIA Kit (Cayman Chemical). The final results 
were expressed by the amount of histamine per milligram total 
skin proteins. 

  Statistic Analysis 
 The results were reported as the means  8  SE of the combined 

experiments. Differences were analyzed for significance by means 
of ANOVA. A p value !0.05 was considered statistically signifi-
cant.



 Pimecrolimus Induces Apoptosis of Mast 
Cells 

Int Arch Allergy Immunol 2010;153:413–418 415

  Results 

 After 6 days of s.c. administration of rmSCF, the clin-
ical signs of CM began to appear, including mild erythe-
ma, positive wheal after rubbing skin close to the injec-
tion sites, and increased inflammation evident by the el-
evated thickness of skin. At the end of the study (after 17 
days of rmSCF injection) the clinical signs of CM were 
evident, whereas control mice showed no signs of CM 
(p   !  0.00001). Pimecrolimus treatment reduced the se-
verity of CM by 51.7% compared with mice treated with 
rmSCF alone (p  !  0.0001;  fig. 1 ). 

  The skin of rmSCF-treated mice showed extensive MC 
infiltrates of the papillary and reticular dermis. Cutane-
ous MC numbers in mice receiving rmSCF alone were 
5.2-fold higher than in control mice (42.8  8  5.1 vs. 8.2  8  
1.3 per mm 2 , p  !  0.001). Pimecrolimus treatment reduced 
the number of cutaneous MCs by 58% compared to mice 
receiving rmSCF alone (18  8  3.6 vs. 42.8  8  5.1 per mm 2 , 
p  !  0.01;  fig. 2 ). 

  The inflammatory cells infiltrating the dermis were 
predominantly neutrophils. The number of neutrophils 
in rmSCF-treated mice was 3.2-fold higher than in con-
trol mice (34.7  8  9.7 vs. 11.0  8  1.1 per mm 2 , p  !  0.01). 
Pimecrolimus treatment had no significant effects on the 
numbers of cutaneous neutrophils (26.4  8  5.4 vs. 34.7  8  
9.7 per mm 2 , p = 0.29;  fig. 3 ). The infiltration of eosino-

phils into the dermis was not affected by either rmSCF 
injection or pimecrolimus treatment ( fig. 3  and data not 
shown). 

  The number of apoptotic MCs in the pimecrolimus-
treated mice was 8-fold and 10.5-fold greater than in con-
trol mice and mice receiving rmSCF alone, respectively 
[9.6  8  1.1 vs. 1.2  8  0.3 (control group) or 0.92  8  0.2 (rm-
SCF group) per mm 2 ,   p  !  0.001;  fig. 4 ]. The percentage of 
apoptotic cutaneous MCs in rmSCF-treated mice was the 
lowest (2.2  8  0.08%), and it was 6.6-fold higher in healthy 
control mice (14.6  8  0.4%, p  !  0.01 vs. rmSCF group), 
whereas it was the highest in rmSCF-treated mice receiv-
ing pimecrolimus treatment (53.3  8  7.6%, p  !  0.01 vs. 
control or rmSCF-treated mice). 

  Finally, the level of skin histamine of mice receiving 
rmSCF was 28.5 times higher than in control mice (779.6 
 8  60.3 vs. 27.4  8  3.4 nmol/mg proteins, p  !  0.0001). Af-
ter pimecrolimus treatment, it was reduced by 78.5% 
compared with mice treated with rmSCF alone (168.1  8  
33.2 vs. 779.6  8  60.3 nmol/mg proteins, p  !  0.001).

  Discussion 

 Costa et al.  [14]  reported that s.c. injection of human 
SCF in patients induced obvious wheals with surround-
ing erythema, flare reaction, hyperpigmentation and hy-
perplasia of cutaneous MCs close to the injection sites. 
SCF also promoted degranulation of the overproliferated 
MCs, which was indicated by elevated urinary levels of 
the histamine metabolite and serum levels of MC  � -
tryptase. Similar results were observed in another clini-
cal study  [15] . All or some clinical signs of CM described 
above were also observed in mice, rat, dog or nonhuman 
primates that received s.c. injection of SCF  [13, 16–18] . 
These results indicate that s.c. injections of SCF can in-
duce the main clinical signs of CM in skin close to the 
injection sites, and are useful to establish an animal CM 
model. In our murine CM model, the main clinical signs 
of CM were observed, including Darier’s sign, cutaneous 
MC hyperplasia and accumulated MC mediators (such as 
histamine) in skin. After pimecrolimus treatment, the se-
verity of these CM signs was reduced, suggesting that 
pimecrolimus effectively treats CM. 

  Mastocytosis represents a generalized overprolifera-
tion and accumulation of MCs. It is reasonable to specu-
late that there is an imbalance of MC proliferation and 
elimination in mastocytosis lesions. Hartmann et al.  [19]  
reported that in patients with cutaneous mastocytosis the 
cutaneous MC accumulation was associated with a de-
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 Fig. 1. Effects of pimecrolimus on clinical signs of CM in the mu-
rine CM model. The severity of CM was scored in control mice, 
mice receiving rmSCF alone or rmSCF and pimecrolimus (PIM). 
Values were shown as mean  8  SE (n = 10 mice).  a  p  !  0.00001 vs. 
control group;  b  p  !  0.0001 vs. rmSCF group. 
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 Fig. 2. Effects of pimecrolimus on the density of cutaneous MCs in the murine CM model by toluidine blue 
staining.  a ,  b  Control group.  c ,  d  rmSCF group.  e ,  f  rmSCF + pimecrolimus group. Original magnification:  ! 10 
( a ,  c ,  e ),  ! 40 ( b ,  d ,  f ). MCs residing in the dermis with pink metachromatic cytoplasm are indicated by arrow-
heads.  g  MC numbers were counted and are expressed as mean  8  SE per mm 2  (n = 10 mice). PIM = Pimecro-
limus.  a  p  !  0.001 vs. control group;  b  p  !  0.01 vs. rmSCF group.  

  Fig. 3.  Effects of pimecrolimus on cutaneous inflammation in the murine CM model by H&E staining.
 a ,  b  Control group.  c ,  d  rmSCF group.  e ,  f  rmSCF + pimecrolimus group. Original magnification:  ! 10 ( a ,  c ,  e ), 
 ! 40 ( b ,  d ,  f ). Neutrophils and MCs are indicated by arrows and arrowheads, respectively.  g  Neutrophil num-
bers are expressed as mean  8  SE per mm 2  (n = 10 mice). PIM = Pimecrolimus.  a  p  !  0.01 vs. control group;
 b  p = 0.29 vs. rmSCF group.    
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creased rate of apoptosis of MCs. Bcl-2 protein is a strong 
inhibitor of apoptosis. In cutaneous MCs from patients 
with mastocytosis, Bcl-2 expression is strongly enhanced 
compared to healthy controls  [20] . These results suggest 
that altered MC proliferation and apoptosis contribute to 
the pathogenesis of mastocytosis. In our study, after 17 
days of s.c. injection of rmSCF, the MC density in skin 
was significantly increased compared with control mice; 
however, the percentage of apoptotic MCs was only 2.2% 
whereas it was as high as 14.6% in control mice. After 
pimecrolimus treatment, the density of cutaneous MCs 
was significantly reduced, whereas the number of neutro-
phils was not affected, despite the hyperplasia of both 
types of cells after SCF injection. This suggests that 
pimecrolimus appears to selectively inhibit SCF-induced 
accumulation of cutaneous MCs but not neutrophils. 

  The possible mechanisms for the accumulation of cu-
taneous MCs caused by s.c. SCF administration include 
stimulating proliferation of cutaneous MCs or MC pro-
genitor cells resident in the skin or immigrating from the 
blood, enhancing immigration of MC progenitor cells 
from the blood to skin, or reducing the rate of apoptosis 
of MCs, and pimecrolimus may inhibit SCF-induced ac-
cumulation of MCs through disturbing one or more of 
these mechanisms. For the first time, we found that 

pimecrolimus caused extensive apoptosis of cutaneous 
MCs but not neutrophils. The percentage of apoptotic cu-
taneous MCs after pimecrolimus treatment in the mice 
with CM was significantly higher than in healthy control 
mice or mice receiving SCF alone. Pimecrolimus has 
been shown to induce T cell apoptosis  [21] . Our results 
indicate that pimecrolimus is also capable of inducing 
apoptosis of cutaneous MCs in vivo. Moreover, we also 
observed that pimecrolimus shows no obvious effects on 
cutaneous MCs in the healthy mice not receiving rmSCF 
but only saline injection (data not shown), suggesting that 
pimecrolimus may specifically induce apoptosis of MCs 
under proliferation status but not resting status. Howev-
er, whether pimecrolimus directly inhibits the prolifera-
tion and immigration of MCs and MC progenitors needs 
to  be  verified  in  the  future. Further studies to identify 
the involved molecular mechanisms for pimecrolimus-
mediated reduction of accumulation of cutaneous MCs 
would promote our understanding of the mechanisms by 
which pimecrolimus treats CM. 

  Finally, we found that the skin histamine levels were 
significantly elevated in rmSCF-treated mice compared 
with normal mice, which suggests that in our murine CM 
model, the overproliferated MCs were functionally acti-
vated. Similar results were observed in patients, rats and 

0A
po

pt
ot

ic
 m

as
t c

el
ls

/m
m

2

Control rmSCF rmSCF + PIM

b

a

g

4

8

12

a b c d

e f

  Fig. 4.  Effects of pimecrolimus on apoptosis of cutaneous MCs in the murine CM model by TUNEL assay.
 a ,  b  Control group.  c ,  d  rmSCF group.  e ,  f  rmSCF + pimecrolimus group. Original magnification:  ! 20 ( a ,  c ,  e ), 
 !  40 ( b ,  d ,  f ). Arrowheads show MCs not undergoing apoptosis and arrows show apoptotic MCs.
 g  Numbers of apoptotic MCs are expressed as mean  8  SE per mm 2  (n = 10 mice). PIM = Pimecrolimus.  a  p = 
0.19 vs. control group;  b  p  !  0.001 vs. control or rmSCF group.      
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