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antagonist (agouti) treatment.  Conclusions:  These results 
indicate that sneezing due to pollen allergy is associated 
with an increased concentration of  � -MSH and the expres-
sion of MC5R.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 There has been an increase in the prevalence and in-
cidence of allergic conditions [Japanese cedar  (Cryptome-
ria japonica)  pollinosis], which now affect approximately 
15% of the Japanese population  [1] .

   Patients with  C. japonica  pollinosis have symptoms 
such as sneezing, watery rhinorrhea and nasal blockage. 
Histological evaluation reveals a marked increase in eo-
sinophils in the nasal submucosa and epithelium as well 
as chronic inflammation of the nasal mucosal membrane 
 [2] . In addition to these allergen-specific symptoms, na-
sal hyper-responsiveness to nonspecific stimuli has been 
observed  [3] . The majority of patients with allergic rhini-
tis are found to have high levels of allergen-specific IgE 
 [4] . Many animal models for the study of allergic rhinitis 
have been reported  [5–7] . Murine models of allergic rhi-
nitis are especially useful for investigating the immuno-
logical basis of this disease.
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 Abstract 

  Background:   � -Melanocyte-stimulating hormone ( � -MSH) 
is a neuropeptide that controls melanogenesis in pigmen-
tary cells. In addition, its potent immunomodulatory activity 
has been recently described in cutaneous inflammatory dis-
orders. However the mechanism of such pollen allergies 
 remains to be elucidated. The purpose of this study was to 
investigate the role of  � -MSH in a murine model of pollen 
allergy.  Methods:  Eight-week-old male BDF-1 mice were 
sensitized with Cry j I. After the last intranasal antigen, the 
number of sneezes was counted for 5 min. In addition, the 
serum levels of IgE and neuronal hormones were measured 
by ELISA. The expression of IgA, melanocortin receptor 1 
(MC1R) and MC5R in the trachea were also observed by im-
munohistochemistry.  Results:  Both the concentration of  � -
MSH and adrenocorticotropin in plasma increase in pollen 
allergy model mice. Furthermore, MC5R increased in the tra-
chea; however, MC1R did not increase in the trachea. In ad-
dition, the changes in sneezing and IgA expression in the 
pollen allergy model mice were suppressed by  � -MSH anti-
body treatment, but they remained unchanged after MC1R 
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  Two major allergens, Cry j I and Cry j II, have been 
isolated from  C. japonica  pollen  [8, 9] , and an effective 
animal model using Cry j I has been developed  [5–7, 10–
12] . Antigen-induced nasal symptoms, late-phase nasal 
eosinophilia, and serum levels of antigen-specific IgE
antibody were evaluated in an ovalbumin-sensitized 
BALB/c mouse model of allergic rhinitis  [6, 12, 13] .

  This study examined sneezing and tracheal inflam-
mation associated with pollinosis using the pollen allergy 
model of Nomiya et al.  [12] .

  Materials and Methods 

 Animals 
 Specific pathogen-free, 8-week-old male BDF-1 mice (SLC, 

Hamamatsu, Japan), were subjected to experiments according to 
the animal care regulations of Osaka City University Medical 
School.

  Sensitization and Nasal Antigen Challenge 
 These experiments employed the methods of Nomiya et al. 

 [12] . The mice were sensitized with 10  � g of Cry j I (Hayashibara, 
Okayama, Japan) mixed with 4 mg of aluminum hydroxide gel 
(Sigma, St Louis, Mo., USA) by subcutaneous injection, which was 
administered 3 times every other day. One week after the final 
sensitization to Cry j I, the intranasal Cry j I challenge was per-
formed for 7 consecutive days. Five days after the last intranasal 
antigen challenge, the number of sneezes was counted for 5 min. 
The sneezing behavior of the animals were observed as described 
previously  [14] . Briefly, to evaluate sneezing, each time the animal 
rubbed or touched the area near the nose with its forepaws, it was 
counted as 1 event.

  Anti- � -MSH Antibody or Agouti Treatment 
 Approximately 30  � g/day of anti- � -MSH polyclonal antibody 

(Acris Antibodies, Herford, Germany) in saline was injected in-
traperitoneally into some mice throughout the experimental pe-
riod, while only saline was injected into the control mice. In
another group, approximately 2.5  � g/day of the melanocortin
receptor 1 (MC1R) antagonist agouti (Alpha Diagnostic Interna-
tional, San Antonio, Tex., USA) in saline was injected intraperi-
toneally in to the mice, while saline was injected into the control 
mice.

  Preparation and Staining of Trachea 
 Two days after the last challenge, the tracheal specimens were 

fixed in phosphate-buffered paraformaldehyde (4%), embedded 
in frozen Tissue Tek, OCT compound, and cut into sections 5  � m 
thick. The expression of immunoglobulin A (IgA) was evaluated 
immunohistochemically under a fluorescent microscope as de-
scribed previously  [15] . To investigate the expression of MC1R 
and melanocortin receptor 5 (MC5R), the sections of trachea were 
washed in PBS, and then incubated with rabbit anti-MC1R and 
rabbit anti-MC5R (1:   100) polyclonal antibody (Chemicon, Calif., 
USA) overnight at 4   °   C, respectively. The specimens were then 
washed in PBS and incubated at room temperature for 2 h with 

FITC-conjugated (MC1R) and TRITC-conjugated (MC5R) swine 
anti-rabbit immunoglobulin (1:   30; Dako Cytomation, Denmark). 
The expression of MC1R and MC5R were evaluated immunohis-
tochemically under a fluorescent microscope.

  Quantification of Neuronal Hormones and IgE by ELISA 
 Blood samples were taken from the heart 5 days after the last 

intranasal antigen challenge, and then the plasma was fraction-
ated. The plasma adrenocorticotropic hormone (ACTH),  � -MSH 
and IgE contents were determined using a commercial ELISA kit 
(ACTH and  � -MSH; Phenix Pharmaceuticals, Calif., USA; IgE; 
Yamasa, Chiba, Japan) according to the manufacturer’s instruc-
tions.

  Statistical Analysis 
 All data were expressed as the mean  8  SD. The results ob-

tained from the animal groups were analyzed using either Stu-
dent’s t test or ANOVA using computer software. Differences 
were considered to be significant when p  !  0.05.

  Results 

 Effect of Cry j I Antigen on Sneezing, IgE and 
Neuronal Hormones 
 The number of sneezes significantly increased in the 

pollen allergy model mice group in comparison to the 
control group. Significant increases in the concentrations 
neuronal hormones ( � -MSH and ACTH) and IgE in plas-
ma were induced in the Cry j I sensitized mice ( table 1 ). 

  IgA, MC1R and MC5R in the Trachea in the Pollen 
Allergy Model Mice 
 The expression of IgA, MC1R and MC5R in the tra-

cheas of the Cry j I sensitized mice was analyzed.  Figure 1  
shows the IgA and MC5R expressions to increase in the 

Table 1. Number of sneezes and the plasma concentration of IgE, 
�-MSH and ACTH in the control and pollen allergy model mice

Control Pollen

Number of sneezes/5 min 2.082.50 42.0820.5*
IgE, ng/ml 152.88120.5 1,086.48412.6*
�-MSH, ng/ml 56.4844.8 378.78180.1*
ACTH, ng/ml 22.6821.3 124.4850.6*

The number of sneezes and the plasma concentration of IgE, 
�-MSH and ACTH in pollen allergy model mice increase in com-
parison to be control mice. Values are presented as the mean 8 
SD of the values from 10 animals.

* p < 0.05, vs. control mice.
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trachea of the pollen allergy model mice; however, no in-
crease in the expression of MC1R was observed in the 
trachea.

  Effect of  � -MSH Antibody or Agouti on Sneezing and 
the Expression of IgA in the Trachea 
 The pollen allergy mouse model showed significantly 

increased sneezing and expression of IgA in the trachea. 
However,  � -MSH antibody treatment pollen allergy 
model mice showed significantly decreased sneezing and 
the expression of IgA in the trachea in comparison to the 
non-treatment pollen allergy model mice ( fig. 2 ). On the 
other hand, regarding the agouti treatment, the number 
of sneezes and the expression of IgA did not change in 
comparison to the non-treatment pollen allergy mouse 
model ( fig. 3 ).

  Discussions 

 The present study demonstrate sneezing to be related 
to the increased expression of  � -MSH (in the plasma) and 
MC5R (in the trachea) in pollen model mice.

  In the model of pollen allergy,  � -MSH was found to be 
related to the increase in the allergen specific IgE and IgA 
production. Based on the known effect of  � -MSH on B 
cells, it is likely that B cells are among the targets of  � -
MSH action. Furthermore,  � -MSH is a potent suppressor 
of bacterial endotoxin-mediated inflammation and the 
inflammatory activity of macrophages and neutrophils 
induced by IL-1, TNF- �  and IFN- �   [16–18] .

   � -MSH is a potent suppressor of bacterial endotoxin-
mediated inflammation and the inflammatory activity of 
macrophages and neutrophils induced by IL-1, TNF- � , 
IFN- �   [19–21] . The anti-inflammatory activities of  � -
MSH are important for regulating a normal inflamma-
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  Fig. 1.  IgA, MC1R and MC5R expression 
in the trachea of the control and pollen al-
lergy model mice. IgA and MC5R are sig-
nificantly increased in the pollen allergy 
model mice in comparison to the control 
mice. However, MC1R shows no signifi-
cant changes in the trachea of the pollen 
allergy model mice. Histological data show 
1 typical experiment from 10 animals.  
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tory response  [22] . In addition,  � -MSH suppresses IFN- �  
production but enhanced TGF- � 1 production  [23] . In our 
experiment, the administration of  � -MSH restricted in-
crease of TGF- � 1 (data not shown). TGF- �  is a cytokine 
with widely varying effects on the inflammatory and im-
munologic processes. As a result, even though it is a po-
tent chemotactic factor for T lymphocytes and mono-
cytes, which play a role in the initiation of inflammation, 
it also stimulates fibroblast proliferation, thus bringing 
the inflammatory processes to a close  [24] . Regarding the 
TGF- �  effects, it inhibits both T and B cell proliferation 
and differentiation  [25, 26] . On the other hand, it up-reg-
ulates the expression of genes for cytokines, which have 
a positive effect on B cell growth  [27, 28] . In addition, an-

other study suggested that TGF- �  may play an isotype-
specific role in the regulation of IgA B cell differentiation 
 [29–31] . These studies have provided evidence that TGF-
 �  induces large increases in IgA secretion while at the 
same time decreasing IgM and IgG secretion  [29–31] . The 
 � -MSH/TGF- � /IgA pathway has thus been suggested to 
affect pollinosis in these reports.

  In addition, IgE is controlled like IgA by  � -MSH in 
this examination too. However, the relationship between 
 � -MSH and IgE remains to be clearly elucidated. We 
therefore herein examine the relationship of  � -MSH and 
IgE by the pollinosis.

   � -MSH has immunomodulatory effects on several cell 
types. It inhibits the production of a number of pro-in-
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  Fig. 2.  Number of sneezes ( a ), plasma concentration of IgE ( b ) and 
IgA expression in the trachea ( c ).  � -MSH antibody was injected 
intraperitoneally in the pollen allergy model mice. Values are in-
creased in the pollen allergy model mice in comparison to the 
control mice. However, injection  � -MSH antibody reduced the 

increase in the number of sneezes, IgE level and expression of IgA. 
Values are presented as the mean  8  SD from 10 animals. Histo-
logical data show 1 typical experiment from 10 animals. NT = No 
treatment.  *  p  !  0.05. 
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flammatory cytokines  [32, 33] .  � -MSH seems to desig-
nate the macrophages as key target cells because they pro-
duce many cytokines  [34] . In fact, MC1R, a high affinity 
receptor for  � -MSH, has been found on macrophages and 
other cell populations  [35] . However, in this study we ob-
served no increase in the expression of MC1R in the tra-
chea, but increased expression of MC5R was observed. In 
addition, the increased sneezing, IgE (in plasma) and the 
expression of IgA (in trachea)  decreased. However, treat-
ment with agouti, an antagonist of MC1R, had no effect 
on the pollen model mice.

  The MC5R is similar to MC1R in its capacity to recog-
nize  � -MSH and ACTH. MC5R is ubiquitously expressed 
in peripheral tissues. The presence of MC5R in B and T 

lymphocytes suggests a function in immune regulation. 
Indeed, recent data suggest that  � -MSH participates in 
the B lymphocyte function via the activation of the Jak/
STAT pathway, the intracellular phosphorylation path-
way used by cytokines and growth factors, through spe-
cific binding to the MC5R  [36] . Furthermore,  � -MSH can 
induce CD25+CD4+ regulatory T cells through the 
MC5R expressed on primed T cells  [37] .

  The results of the current study suggested that MC5R/
 � -MSH is among the factors affecting immune modula-
tion in the pollen allergy model mice. Further studies are 
called for to understand the signal transmission from 
sensitization to onset, such as that observed in sneezing.
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  Fig. 3.  Number of sneezes ( a ), plasma concentration of IgE ( b ) and 
IgA expression in the trachea ( c ). Agouti was injected intraperito-
neally in the pollen allergy model mice. The values are increased 
in the pollen allergy model mice in comparison to the control 
mice. The pollen allergy model mice injected with agouti showed 

no difference in comparison to the untreated pollen allergy mod-
el mice. Values are the mean + SD from 10 animals. Histological 
data show 1 typical experiment from 10 animals. NT = No treat-
ment.        *  p  !  0.05, vs. the control mice. 
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